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be used in a proposed production 
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Receiving or generating (a) reference media descriptors, and (b) 
probability estimations of descriptor Space representatives given 
the reference media descriptors; wherein the descriptor Space 
representatives are representative of a set of media entities. 1310 

Calculating a predictability Score of the media entity portion 
based on at least (a) the probability estimations of the descriptor 
space representatives given the reference media descriptors, and 
(b) relationships between the media entity portion descriptors and 

the descriptor space representatives. 1320 

Responding to the predictability score. 1330 

F.G. 13 
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Determining a predictability of the first media entity given the second media entity 
based on (a) probability estimations of descriptor Space representatives given Second 

media entity descriptors, wherein the descriptor space representatives are 
representative of a set of media entities and (b) relationships between second media 

entity descriptors and descriptors of the first media entity, 1410 

Determining a predictability of the second media entity given the first media entity 
based on (a) probability estimations of descriptor space representatives given first 

media entity descriptors, and (b) the relationships between first media entity 
descriptors and descriptors of the Second media entity, 1420 

Evaluating a similarity value between the first media entity and the Second media 
entity based on the predictability of the first media entity given the Second media 
entity and the predictability of the second media entity given the first media entity. 

430 

F.G. 14 
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Receiving or generating (a) media class descriptors for each media entity class out 
of a Set of media entity classes, and (b) probability estimations of descriptor Space 
representatives given each of the media entity classes; wherein the descriptor space 

representatives are representative of a set of media entities. 1510 

Calculating, for each pair of media entity and media class, a predictability score 
based on (a) the probability estimations of the descriptor Space representatives 

given the media class descriptors of the media class, and (b) relationships between 
the media class descriptors and the descriptor space representatives descriptors of 

the media entity. 1520 

Classifying each media entity based on predictability scores of the media entity and 
each mcdia class, 1530 

F.G. 15 
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Receiving or generating first media class descriptors and second media class 
descriptors; wherein the first media class descriptors represent a first media class of 
media entities that comprises a first media feature; wherein the Second media class 
descriptors represent a second media class of media entities that does not comprise 

the first media feature. 610 

Calculating a predictability Score given a first media class based on (a) probability 
estimations of descriptor Space representatives given the first media class 

descriptors, and (b) relationships between the first media class descriptors and 
descriptors of the media entity. 1620 

Calculating a second media class predictability Score based on (a) probability 
estimations of descriptor space representatives given the Second media class 

descriptors, and (b) relationships between the second media class descriptors and 
descriptors of the media entity. 1630 

Determining whether the media entity comprises the feature based on the first 
media class predictability Score and the Second media class predictability score. 

1640 

Responding to the determination. 1650. 
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Applying probabilistic non-parametric process on the 
media Stream to locate media portions of interest. Non 
limiting examples of such probabilistic non-parametric 

process are provided in the specification. 1710 

Generating metadata 
indicative of the media 
portions of interest. 

1720 

Responding to the 
metadata. 1730 

F.G. 17 
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METHOD AND SYSTEM FOR BROWSING, 
SEARCHING AND SHARING OF PERSONAL 
VIDEO BY ANON-PARAMETRIC APPROACH 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/041457, filed on Mar. 7, 2011, which 
claims the priority of U.S. Provisional Patent Application No. 
61/311,524, filed on Mar. 8, 2010, which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002. In recent years, there has been an explosion of visual 
information including personal images and video. Personal 
cameras today are affordable and portable, and enable shoot 
ing video either as portable camcorder (e.g., Flip), pocket still 
camera and camera-phones (e.g., iPhone). This enhanced 
portability and increased ease of use enable people to shoot 
Video casually at any occasion. This creates an exponential 
growth in the amount of generated personal video. Although 
people are shooting more and more video, there is not a 
matching increase in the amount of viewing or sharing of 
personal video. 
0003. The internet video revolution has made a consider 
able impact in making video widely available to anyone. 
However, while large companies have grown by providing 
internet video services (e.g., YouTube, Hulu, Blinkx etc.) they 
provide a comprehensive solution only for viral video, TV 
shows and movies. Personal video is left without any real 
comprehensive solution and thus viewing and sharing per 
sonal video is very limited. In contrast to other kinds of 
internet video, personal video is initially very raw and boring 
and thus not suitable for watching or sharing. In addition, 
personal video is completely unstructured, and thus can only 
be browsed primitively (manual forward-backward). Lastly, 
personal video does not contain meaningful meta-data and 
therefore cannot be searched. These problems, which create a 
poor user experience stand in contrast to other videos in the 
internet (e.g., viral video in YouTube), which can be searched, 
browsed and shared. 

0004. When compared to other kinds of internet video, 
personal video has an inherent problem that each personal 
video has a very small cycle of interest (few friends and 
family). As a result, the few viewers of each such video will 
not Supply enough textual information and meta-data to 
enable textual mining engines (e.g., Google). Thus, while 
other forms of internet video gain a significant amount of 
textual meta-data from viewers, personal video remains raw 
and mostly non usable. In addition, personal video is mostly 
not edited and not produced, which creates huge files with 
boring content. As a result, besides being difficult to transmit, 
share and upload their required bandwidth and storage space 
is expensive relative to the minimal or Zero amount of viewing 
they can generate. 
0005. There are many publications and patents involving 
partial solutions to the problem of browsing, searching and 
sharing personal video. For instance (Method and system for 
searching graphic images and videos n.d.) provides a method 
and system for searching in images and video. In (System and 
method for adaptive video fast forward using scene genera 
tive models n.d.) a method and system are presented for 
adaptive fast forward in video using a specific approach. The 
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work in (Analysis of Video Footage n.d.) presents a method 
for extracting segments of interest from video, which are 
useful for a table of contents. The paper in (Emiliano Acosta 
and Luis Tones and Alberto Albiol and Edward Delp 2002) 
presents an approach for utilizing face detection and recog 
nition for video indexing. The paper in (Oren Boiman and Eli 
Shechtman and Michal Irani 2008) presents an approach for 
classifying images. There are many other works dealing each 
with specific aspects of the problem discussed above. While 
there are many partial, ad hoc solutions to the problem of 
browsing, searching and sharing of personal video there is no 
single unified solution for handling this problem. Due to the 
magnitude of the problem and the large number of required 
modules, any practical system for Solving this problem, 
which uses many adhoc solutions, would be extremely com 
plicated, inflexible and not scalable. However, partial solu 
tions to this problem are inadequate: For instance, without 
being able to automatically edit and produce personal video, 
users would not be interested to share the raw footage, which 
eliminates one of the main drivers for using personal video. 
Without searching capabilities, and considering the exponen 
tial increase in personal video data, users will not be able to 
locate interesting parts in their personal media. Similarly, 
without browsing capabilities inside video and between 
related video users will not be able to explore their vast 
personal video library. Therefore, although partial solutions 
for the problems discussed above exist for more than 20 years, 
it is hard to point on a single usable system for browsing, 
searching and sharing personal video. This lack of Suitable 
Solutions explains the relatively tiny fraction of personal 
video, which is actually shared in the Internet. 

SUMMARY OF THE INVENTION 

0006. A method for determining a predictability of a 
media entity portion, the method may include: receiving or 
generating (a) reference media descriptors, and (b) probabil 
ity estimations of descriptor space representatives given the 
reference media descriptors; wherein the descriptor space 
representatives are representative of a set of media entities; 
and calculating a predictability score of the media entity 
portion based on at least (a) the probability estimations of the 
descriptor space representatives given the reference media 
descriptors, and (b) relationships between the media entity 
portion descriptors and the descriptor space representatives. 
0007. The method may include calculating distances 
between descriptors of the media entity and the descriptor 
space representatives. 
0008. The calculating of the predictability score of the 
media entity may include calculating a weighted Sum of prob 
ability estimations of the descriptor space representatives, 
wherein weights applied for the weighted sum are determined 
according to distances between descriptors of the media 
entity portion and descriptor space representatives . . . . 
0009. The method may include generating the probability 
estimations given the reference media descriptors; wherein 
the generating may include calculating, for each descriptor 
space representative, a Parzen estimation of a probability of 
the descriptor space representative given the reference media 
descriptors. 
0010. The method may include calculating the predictabil 
ity of the media entity portion based on reference media 
descriptors that represent media entity portions that precede 
the media entity portion and belong to a same media entity as 
the media entity portion. 
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0011. The method may include calculating the predictabil 
ity of multiple media entity portions of the media entity and 
detecting media entity portions of interest. 
0012. The method may include generating a representa 
tion of the media entity from the media entity portions of 
interest. 
0013 The method may include defining the media entity 
portion as a media entity portion of interest based on the 
predictability of the media entity portion and on at least one 
out of a detection of a camera motion, a detection of a camera 
Zoom or a detection of a face close-up. 
0014. A method for evaluating a relationship between a 

first media entity and a second media entity; the method may 
include: determining a predictability of the first media entity 
given the second media entity based on (a) probability esti 
mations of descriptor space representatives given second 
media entity descriptors, wherein the descriptor space repre 
sentatives are representative of a set of media entities and (b) 
relationships between second media entity descriptors and 
descriptors of the first media entity; determining a predict 
ability of the second media entity given the first media entity 
based on (a) probability estimations of descriptor space rep 
resentatives given first media entity descriptors, and (b) the 
relationships between first media entity descriptors and 
descriptors of the second media entity; and evaluating a simi 
larity value between the first media entity and the second 
media entity based on the predictability of the first media 
entity given the second media entity and the predictability of 
the second media entity given the first media entity. 
0015 The method may include evaluating the relation 
ships between multiple first media entities and multiple sec 
ond media entities based on a predictability of each first 
media entity given the multiple second media entities and a 
predictability of each second media entity given the first 
media entity. 
0016. The method may include clustering first and second 
media entities based on the relationships between the mul 
tiple first media entities and the multiple second media enti 
ties. 
0017. A method for classifying media entities, the method 
may include: receiving or generating (a) media class descrip 
tors for each media entity class out of a set of media entity 
classes, and (b) probability estimations of descriptor space 
representatives given each of the media entity classes; 
wherein the descriptor space representatives are representa 
tive of a set of media entities; and calculating, for each pair of 
media entity and media class, a predictability score based on 
(a) the probability estimations of the descriptor space repre 
sentatives given the media class descriptors of the media 
class, and (b) relationships between the media class descrip 
tors and the descriptorspace representatives descriptors of the 
media entity; and classifying each media entity based on 
predictability Scores of the media entity and each media class. 
0018. A method for searching for a feature in a media 
entity, the method may include: receiving or generating first 
media class descriptors and second media class descriptors; 
wherein the first media class descriptors represent a first 
media class of media entities that may include a first media 
feature; wherein the second media class descriptors represent 
a second media class of media entities that does not comprise 
the first media feature; calculating a predictability score given 
a first media class based on (a) probability estimations of 
descriptor space representatives given the first media class 
descriptors, and (b) relationships between the first media 
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class descriptors and descriptors of the media entity; calcu 
lating a second media class predictability score based on (a) 
probability estimations of descriptor space representatives 
given the second media class descriptors, and (b) relation 
ships between the second media class descriptors and 
descriptors of the media entity; and determining whether the 
media entity may include the feature based on the first media 
class predictability Score and the second media class predict 
ability score. 
0019. The method may include searching for the feature in 
multiple query media entities by repeating, for each media 
entity of the multiple media entities, the stage of receiving or 
generating first media class descriptors and second media 
class descriptors; wherein the first media class descriptors 
represent a first media class of media entities that may include 
a first media feature; wherein the second media class descrip 
tors represent a second media class of media entities that does 
not comprise the first media feature; calculating a first media 
class predictability score based on (a) probability estimations 
of descriptor space representatives given the first media class 
descriptors, and (b) relationships between the first media 
class descriptors and descriptors of the media entity; calcu 
lating a second media class predictability score based on (a) 
probability estimations of descriptor space representatives 
given the second media class descriptors, and (b) relation 
ships between the second media class descriptors and 
descriptors of the media entity; and determining whether the 
media entity may include the feature based on the first media 
class predictability score and the second media class predict 
ability score. 
0020. The method may include detecting media entities of 
interest in response to a detection of the feature. 
0021. The method may include searching for a feature that 

is a face. 
0022. A method for processing media streams, the method 
may include: applying probabilistic non-parametric process 
on the media stream to locate media portions of interest; and 
generating metadata indicative of the media portions of inter 
eSt. 

0023 The method may include adding tags to the media 
portions of interest. 
0024. The method may include generating a representa 
tion of the media stream from the media portions of interest. 
0025. The method further may include detecting media 
portions of interest in response to at least one additional 
parameter out of: (a) a detection of a change of focal length of 
a camera that acquires the media; (b) a detection of a motion 
of the camera; (c) a detection of a face; (d) a detection of 
predefined sounds; (e) a detection of laughter, (f) a detection 
of predefined facial expressions; (g) a detection of an excited 
voice, and (h) detection of predefined behavior 
0026. The method may include generating a trick play 
media stream that may include the media portions of interest. 
0027. The method may include finding media portions of 
interest that are similar to each other. 
0028. The method may include tagging media portions of 
interest that are similar to each other. 
0029. The method may include editing the media stream 
based on the media portions of interest. 
0030. A computer program product that may include a 
non-transitory computer readable medium that stores instruc 
tions for receiving or generating (a) reference media descrip 
tors, and (b) probability estimations of descriptor space rep 
resentatives given the reference media descriptors; wherein 
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the descriptorspace representatives are representative of a set 
of media entities; and calculating a predictability Score of the 
media entity portion based on at least (a) the probability 
estimations of the descriptor space representatives given the 
reference media descriptors, and (b) relationships between 
the media entity portion descriptors and the descriptor space 
representatives. 
0031. The computer program product can store instruc 
tions for calculating distances between descriptors of the 
media entity and the descriptor space representatives . . . . 
0032. The calculating of the predictability score of the 
media entity may include calculating a weighted Sum of prob 
ability estimations of the descriptor space representatives, 
wherein weights applied for the weighted sum are determined 
according to distances between descriptors of the media 
entity portion and descriptor space representatives . . . . 
0033. The computer program product can store instruc 
tions for generating the probability estimations given the 
reference media descriptors; wherein the generating may 
include calculating, for each descriptor space representative, 
a Parzen estimation of a probability of the descriptor space 
representative given the reference media descriptors. 
0034. The computer program product can store instruc 
tions for calculating the predictability of the media entity 
portion based on reference media descriptors that represent 
media entity portions that precede the media entity portion 
and belong to a same media entity as the media entity portion. 
0035. The computer program product can store instruc 
tions for calculating the predictability of multiple media 
entity portions of the media entity and detecting media entity 
portions of interest. 
0036. The computer program product can store instruc 
tions for generating a representation of the media entity from 
the media entity portions of interest. 
0037. The computer program product can store instruc 
tions for defining the media entity portion as a media entity 
portion of interest based on the predictability of the media 
entity portion and on at least one out of a detection of a camera 
motion, a detection of a camera Zoom or a detection of a face 
close-up. 
0038. The computer program product can store instruc 
tions for: determining a predictability of the first media entity 
given the second media entity based on (a) probability esti 
mations of descriptor space representatives given second 
media entity descriptors, wherein the descriptor space repre 
sentatives are representative of a set of media entities and (b) 
relationships between second media entity descriptors and 
descriptors of the first media entity; determining a predict 
ability of the second media entity given the first media entity 
based on (a) probability estimations of descriptor space rep 
resentatives given first media entity descriptors, and (b) the 
relationships between first media entity descriptors and 
descriptors of the second media entity; and evaluating a simi 
larity value between the first media entity and the second 
media entity based on the predictability of the first media 
entity given the second media entity and the predictability of 
the second media entity given the first media entity. 
0039. The computer program product can store instruc 
tions for evaluating the relationships between multiple first 
media entities and multiple second media entities based on a 
predictability of each first media entity given the multiple 
second media entities and a predictability of each second 
media entity given the first media entity. 
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0040. The computer program product can store instruc 
tions for clustering first and second media entities based on 
the relationships between the multiple first media entities and 
the multiple second media entities. 
0041. The computer program product can store instruc 
tions for: receiving or generating (a) media class descriptors 
for each media entity class out of a set of media entity classes, 
and (b) probability estimations of descriptor space represen 
tatives given each of the media entity classes; wherein the 
descriptor space representatives are representative of a set of 
media entities; and calculating, for each pair of media entity 
and media class, a predictability score based on (a) the prob 
ability estimations of the descriptor space representatives 
given the media class descriptors of the media class, and (b) 
relationships between the media class descriptors and the 
descriptor space representatives descriptors of the media 
entity; and classifying each media entity based on predict 
ability Scores of the media entity and each media class. 
0042. The computer program product can store instruc 
tions for: receiving or generating first media class descriptors 
and second media class descriptors; wherein the first media 
class descriptors represent a first media class of media entities 
that may include a first media feature; wherein the second 
media class descriptors represent a second media class of 
media entities that does not comprise the first media feature; 
calculating a predictability Score given a first media class 
based on (a) probability estimations of descriptor space rep 
resentatives given the first media class descriptors, and (b) 
relationships between the first media class descriptors and 
descriptors of the media entity; calculating a second media 
class predictability score based on (a) probability estimations 
of descriptor space representatives given the second media 
class descriptors, and (b) relationships between the second 
media class descriptors and descriptors of the media entity; 
and determining whether the media entity may include the 
feature based on the first media class predictability score and 
the second media class predictability score. 
0043. The computer program product can store instruc 
tions for searching for the feature in multiple query media 
entities by repeating, for each media entity of the multiple 
media entities, the stage of receiving or generating first media 
class descriptors and second media class descriptors; wherein 
the first media class descriptors represent a first media class of 
media entities that may include a first media feature; wherein 
the second media class descriptors represent a second media 
class of media entities that does not comprise the first media 
feature; calculating a first media class predictability score 
based on (a) probability estimations of descriptor space rep 
resentatives given the first media class descriptors, and (b) 
relationships between the first media class descriptors and 
descriptors of the media entity; calculating a second media 
class predictability score based on (a) probability estimations 
of descriptor space representatives given the second media 
class descriptors, and (b) relationships between the second 
media class descriptors and descriptors of the media entity; 
and determining whether the media entity may include the 
feature based on the first media class predictability score and 
the second media class predictability score. 
0044. The computer program product can store instruc 
tions for detecting media entities of interest in response to a 
detection of the feature. 

0045. The computer program product can store instruc 
tions for searching for a feature that is a face. 
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0046. The computer program product can store instruc 
tions for: applying probabilistic non-parametric process on 
the media stream to locate media portions of interest; and 
generating metadata indicative of the media portions of inter 
eSt. 

0047. The computer program product can store instruc 
tions for adding tags to the media portions of interest. 
0048. The computer program product can store instruc 
tions for generating a representation of the media stream from 
the media portions of interest. 
0049. The method further may include detecting media 
portions of interest in response to at least one additional 
parameter out of: (a) a detection of a change of focal length of 
a camera that acquires the media; (b) a detection of a motion 
of the camera; (c) a detection of a face; (d) a detection of 
predefined sounds; (e) a detection of laughter, (f) a detection 
of predefined facial expressions; (g) a detection of an excited 
voice, and (h) detection of predefined behavior 
0050. The computer program product can store instruc 
tions for generating a trick play media stream that may 
include the media portions of interest. 
0051. The computer program product can store instruc 
tions for finding media portions of interest that are similar to 
each other. 
0052. The computer program product can store instruc 
tions for tagging media portions of interest that are similar to 
each other. 
0053. The computer program product can store instruc 
tions for editing the media stream based on the media portions 
of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0054 The subject matter regarded as the invention is par 
ticularly pointed out and distinctly claimed in the concluding 
portion of the specification. The invention, however, both as 
to organization and method of operation, together with 
objects, features, and advantages thereof, may best be under 
stood by reference to the following detailed description when 
read with the accompanying drawings in which: 
0055 FIG. 1 illustrates a system according to an embodi 
ment of the invention; 
0056 FIG. 2 illustrates a system and its environment 
according to an embodiment of the invention; 
0057 FIG. 3 illustrates a method according to an embodi 
ment of the invention; 
0058 FIG. 4 illustrates a pre-processing block according 
to an embodiment of the invention; 
0059 FIG. 5 illustrates a query block according to an 
embodiment of the invention; 
0060 FIG. 6 illustrates a similarity block according to an 
embodiment of the invention; 
0061 FIG. 7 illustrates a classification block according to 
an embodiment of the invention; 
0062 FIG. 8 illustrates a clustering block according to an 
embodiment of the invention; 
0063 FIG. 9 illustrates a SalienSee block according to an 
embodiment of the invention; 
0064 FIG. 10 illustrates a detection block according to an 
embodiment of the invention; 
0065 FIG. 11 illustrates an editing process according to an 
embodiment of the invention; 
0066 FIG. 12 illustrates a system and its environment 
according to an embodiment of the invention; and 
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0067 FIG. 13-17 illustrate methods according to an 
embodiment of the invention. 

0068. It will be appreciated that for simplicity and clarity 
of illustration, elements shown in the figures have not neces 
sarily been drawn to scale. For example, the dimensions of 
Some of the elements may be exaggerated relative to other 
elements for clarity. Further, where considered appropriate, 
reference numerals may be repeated among the figures to 
indicate corresponding or analogous elements. 

DETAILED DESCRIPTION OF THE INVENTION 

0069. In the following detailed description, numerous spe 
cific details are set forth in order to provide a thorough under 
standing of the invention. However, it will be understood by 
those skilled in the art that the present invention may be 
practiced without these specific details. In other instances, 
well-known methods, procedures, and components have not 
been described in detail so as not to obscure the present 
invention. 

0070 The illustrated methods, systems and computer pro 
gram products may provide a comprehensive solution to the 
problems of browsing, searching editing and producing per 
Sonal video, by utilizing automatic image and video content 
analysis. In contrast to previous related art, the methods, 
systems and computer program products may identify all the 
required aspects of the problem and thereby provides a com 
plete solution. 
(0071. The term media entity refers to information repre 
sentative of visual information, information representative of 
audio information or a combination thereof. Non-limiting 
examples of a media entity may include an image, a video 
stream, an access unit, multiple images, a portion of animage, 
a portion of a video stream, a transport packet, a elementary 
stream, a packetized elementary stream, an audio stream, an 
audio frame, any combination of audio representative infor 
mation. 

0072 Any reference to a method should be interpreted as 
a reference to a system and additionally or alternatively as a 
reference to a computer program product. Thus, when 
describing a method is it noted that the method can be 
executed by a system or by a computer that executes instruc 
tions of the computer program product. 
0073. Any reference to a system should be interpreted as a 
reference to a method executed by the system and addition 
ally or alternatively as a reference to a computer program 
product. Thus, when describing a system is it noted that the 
system can execute a method or can execute instructions of 
the computer program product. 
0074 Any reference to a block can include a reference to 
a hardware block, a software block or a stage of a method. 
Thus, for example, any of the blocks illustrated in FIG. 4-9 
can be regarded as method stages. 
0075. The methods, systems and computer program prod 
ucts may provide a unified and generic approach—the media 
predictability framework—for handling the numerous capa 
bilities required for a comprehensive solution. 
0076. Thus, instead of multiple adhoc modules and partial 
Solutions, the methods, systems and computer program prod 
ucts may provide provides a single coherent approach to 
tackle the entire problem. 
0077. The methods, systems and computer program prod 
ucts can be applied in diverse technological environments. 
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0078 Methods, systems and computer program products 
may provide a comprehensive Solution for using personal 
Video as they enables browsing, searching editing and pro 
duction of personal video. 
007.9 The methods, systems and computer program prod 
ucts may rely on a unified automated media content analysis 
method, instead of relying on numerous methods for imple 
menting the long list of features required for media under 
standing. The proposed method relies on a unified content 
analysis platform that is based on the Media Predictability 
Framework (discussed in the next section), which forms the 
technological foundation of the product. 
0080. In this section we discuss the various type of meta 
data (and their use) obtained using analysis with the media 
predictability framework. 
0081. The processing of media entities may involve run 
ning software components on various hardware components 
and the processing of data files in several internet locations. 
We use the following entities in the text below: 
0082) User Computer: A computer with general comput 
ing capabilities Such as Desktop, Laptop, Tablet, Media Cen 
ter, Smartphone. 
0083) Personal Media: Images and Video of any common 
format (e.g., For images: Jpeg, Tiff, Gif, Jpeg2000 etc. For 
Video: Avi, wmv, mpeg-4, QuickTime etc.) 
0084 Private Data and Meta-Data Database: Binary and 
Textual data and meta-data kept in tables and files either as a 
flat database organization or as a relational database (e.g., 
MySql). 
0085 Interaction Server: An online server (either dedi 
cated or in a computing cloud) which handles at least one of 
uploading of user media, streaming, recording usage and 
viewing analytics, handling user and visitor interaction and 
registration, handling online payment, storage of online data 
and meta-data, selecting ads per viewed video and per user/ 
visitor. 
I0086 Content Analysis Server: A server which performs 
content analysis for uploaded user media (user video includ 
ing audio, user images, user selected Soundtrack) 
0087 Production Server: A server, which utilizes the 
original footage and the analyzed meta-data to create various 
personalized and stylized video productions. This server may 
utilize professional video creative software such as Adobe 
After Effects, Sony Vegas etc. to render the video production 
(e.g., video effects and transitions). 
0088. Online Data and Meta-Data Database: An online 
database, which contains Binary and Textual data and meta 
data kept in tables and files either as a flat database organiza 
tion or as a relational database (e.g., MySql). 
0089. User Interface Application: A standalone applica 
tion or web application (runs inside a web browser) or a 
Software widget or software gadget which enables the user to 
(at least one of) play, view, browse, Search, produce, upload, 
broadcast and share his personal media. 
0090 Mobile Application: An application designed for a 
mobile device (e.g., Cellular application, iPad application 
etc.). This application is a specialized user interface applica 
tion for the respective mobile device. 
0091 Local Player—A mini-version of the User Interface 
Application with reduced capabilities, which runs locally on 
the user/visitor computing device using a playing platform 
(e.g., Flash, Silverlight, HTML5). 
0092 Electronic Media Capturing Device—An electronic 
device which can capture personal image and/or video Such 
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as: Camcorder, Still Camera, Camera-phone, Internet Cam 
era, Network Camera, Camera embedded in User Computer 
(e.g., Laptop) etc. 
(0093 MyVideo; My Pictures any set offile directories or 
libraries which reside on the user computer (e.g., on a Hard 
drive, or any electro-magnetic or optical media Such as DVD, 
CD, Blue-Ray disk, Flash-Memory etc.) or on the user online 
folders (e.g., DropBox) and which stores the user personal 
media or shared media. 

0094 FIG. 1 illustrates a interaction server 10, a user 
computer 20 and image acquisition devices 31-33 according 
to an embodiment of the invention. 

0.095 The user provides acquired media from image 
acquisition devices such as camcorder 31, camera-phones 32. 
digital still camera 33 etc. The media can be stored in a private 
database 21 of the user computer 20 and/or be loaded to the 
interaction server 10. 

0096. If the user stores the media on the user computer 20, 
the content analysis engine 22 of the user computer 20 ana 
lyzes the media using database accesses to a database 23 of 
the user computer 20. The database 23 can store private data 
and private meta-data of the user. Another database 11 (also 
referred to as on-line database) can store data and meta-data 
shared by multiple users. The other database 11 and a content 
analysis server 12 belong to the interaction server 10. 
0097. The analysis results of the content analysis engine 
22 or of the content analysis server 12 can be stored in either 
one of the databases 11 and 23—based on, at least, a selection 
of a user. 

0098. The user can directly upload media to the interaction 
server 10. In this case, the media is stored on the online 
database 11 and be analyzed by the contentanalysis server 12. 
The resulting data and meta-data can be stored on the Online 
database 11. Another option for the user is to use a combina 
tion of the approaches above: Uploading to the Interaction 
server, downloading and synchronizing to the user computer 
and processing in the Content Analysis Engine. 
0099 FIG. 2 illustrates an interaction between a interac 
tion server 10, the user computer 20, a mobile network 50 and 
the Internet 60 according to an embodiment of the invention. 
0100. The user can interact using a User Interface (UI) 
Application which might be a standalone application or a web 
application in a web browser. Using this UI the user can 
search, browse, produce and broadcast his personal media 
(stored on the user computer 30). The UI may get input from 
the original user media (e.g., on My Video/My Pictures or 
other user media locations) with the extracted data and meta 
data from the private and online databases 11, 15, 21 and 23. 
For instance, even if the user computer 20 has no private 
database, the user can still search and browse the online 
databases 11 and 13 using the UI. Using the Mobile Applica 
tion UI 60 the user can search and browse the data on the 
interaction server 10 (according to his user privacy settings) 
from mobile platform (e.g., Cellular phones, iPad). Users as 
well as Visitors can view, browse and search media on the 
Interaction server using the Local Player (e.g., Flash Player 
embedded in HTML pages) which can be embedded in other 
web content. 

0101 
0102 Browsing enables users to quickly find interesting 
information, when the users cannot easily describe what they 
are seeking. For this mode of associative discovery, it should 

Browsing 
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be easy to understand the content of a video and to quickly 
navigate inside video and between semantically related video 
clips. 
0103) In order to support browsing the invention enables 
automatically generation of a table of content, of intelligent 
preview and thumbnails, of links to “similar video, content 
based fast-forwarding and spatial video browsing. 
0104 Table of content may be a table-of-visual content 
(optionally hierarchical), which segments a video (or any 
other set of visual entities) to scenes with similar visual con 
tent. Note that these scenes usually cannot be separated by 
detecting different shots and they might overlap in time (e.g., 
the cameraman Zooms in on a first context then moves on to a 
second context, then returns to the first context). 
0105 Intelligent preview and thumbnails may include a 
very short (e.g., 5-10 seconds long) Summary of the most 
representative portions of the video. This condensed sum 
mary enables the user to get a quick impression of the content 
in the video. It could comprise frames (storyboard), short 
clips or a combination of both. Such short representation can 
be even used as an intelligent thumbnail that plays the video 
preview when the user selects it (e.g., mouse hovers over 
thumbnail). 
0106 Link to “similar video—may include a list of 
related video and images, where relatedness is determined 
according to direct visual similarity as well as semantic simi 
larity of the visual content: similar persons, similar objects, 
similar place, similar event, similar scene, similar time. The 
link can either point to an entire clip or to a time frame in it. 
Such links enable associative browsing when the user in not 
seeking a specific content. 
0107 Content-based fast forward. Viewing personal video 
may become a boring task very quickly, as real-life activity 
tends to repeat itself. Content-based fast-forward enables the 
user to fast forward to the next novel activity (with different 
actions, behavior, etc.). This capability is executed either by 
adapting the speedup to the (automatically determined) 
degree of interest or by jumping to the next interesting seg 
ment in the video. 
0108 Spatial Video Browsing. In many video shots, the 
camera wanders around while scanning the area of interest. 
Spatial Browsing enables the user to freeze time and simulate 
spatial browsing with the camera. Namely, in response to a 
request from the user to move the camera (via keyboard, 
mouse or touch screen) the viewed image will change to an 
image with the proper camera point of view. 
0109) Searching 
0110. The Search engine enables the users to quickly 
retrieve information according to a given criterion. Searching 
can be done using a visual or textual query. In order to enable 
searching the method enables deep, frame-based indexing, 
automatic tagging and keywords and criterion based search. 
0111 Deep, frame-based indexing. The method creates 
an index of objects, actions, faces, facial expressions, type of 
Sound, places and people. Objects includes among many pos 
sible options pets, cars, computers, cellular phones, books, 
paintings, TV, tables, chairs etc. The indexing includes the 
extraction of new entities, comparing them to known entities 
(e.g., a known face) and keeping an index item for them. The 
index can be associated with a frame, a video segment or with 
the entire video clip. 
0112 Automatic Tagging and Keywords—The method 
clusters repeating entities (e.g., a repeating face) and gener 
ates a tag from it. A tag has a visual representation (e.g., image 
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of a face) and a textual tag (e.g., name of a person). The user 
can name a visual tag. Each frame has a list of tags and each 
Video has a list of the most important (frequent) tags. The user 
can add his own tags to the automatically generated tags. 
When a tag has a semantic meaning (e.g., dog as opposed to 
Rexy) the method relates the semantic meaning of the tag to 
other synonym keywords enabling easier textual search. 
0113 Criterion based Search. The user can search by a 
query combining free text, visual and textual tags. The 
method finds the video or the images that are most relevant to 
the query. For instance, the user can select a picture of a 
person’s face, select the textual tag living-room and add free 
text birthday party (which is used as a keyword). 
0114 Automatic Editing and Production. In order to 
Support sharing and broadcasting of personal video the raw 
video should be edited and produced automatically (or with 
minimal user interaction). The method may enable at least 
one of the following: (a) Automatic Editing of Video and 
Images; (b) Semi-Automatic Editing of Video and Images; (c) 
Automatic Video production of selected clips; (d) Automatic 
Interpretation of user directives; (e) Manual Post Production; 
(f) Personalized Production; (g) Professional Production: (h) 
Automatic Movie “Trailer: (i) Automatic Content Sugges 
tions: (i) Automatic News and Updates; (k) Automatic Group 
and Event Suggestions: (1) Graphics-Video interaction; (m) 
Return to original video; (n) Uploading and Broadcasting: 
and (o) Documentary web-pages. 
0115 Automatic Editing of Video and Images—The 
method automatically selects and edits clips and images from 
raw video and images input, in order to create a shorter video 
summary. The automatic editing relies on various factors for 
choosing the most important parts: Faces, known persons/ 
objects, camera motion/Zoom, video and image quality, 
action saliency, photo-artistic quality, type of Voice/sound, 
facial expression (e.g., Smile). 
0116. As a part of the editing process, the image quality is 
improved using de-noising, video stabilization and Super 
resolution. The automatic editing can change the speed of a 
Video (e.g., slow motion/fast motion) or even convert a video 
clip to an image if, for instance, the clip is too short. Another 
case for converting video clip to image, is when the camera 
pans and the automatic editing decides to create a mosaic 
image from the clip. 
0117 The user can select a soundtrack to add to the edited 
Video. Prior meta-data and analysis on the audio track might 
affect the automatic editing decisions (e.g., fast pace, short 
clips for high tempo audio track). The automatic editing is 
generating the selected clips (and images) to fit a video length 
specified by the user (e.g., 45 seconds). 
0118 Semi-Automatic Editing of Video and Images— 
The user can modify the resulting automatic editing by the 
following operations: 
0119 Removing an unwanted clip 
0120 Adding a Suggested clip (from an automatically pre 
pared candidate list) 
I0121 Selecting one of more faces to be emphasized or 
excluded from the edited video. This lists of faces is auto 
matically extracted from the video and can be displayed to the 
user using a graphical user interface similar to the figure 
below. 
0.122 Other types of object or tagged entities can be simi 
larly removed or emphasized (e.g. emphasizing a certain 
location). 
I0123 FIG. 11 illustrates a process of editing a video entity. 
0.124 Symbols representing media entity portions of inter 
est 220, media entity portions that may be of interest 230 (but 
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may have a lower importance level), features 240 (such as 
faces of persons) and feature attributes 250 can be displayed 
to the user. The user can select which media entity portions to 
include in an edited media entity and can, additionally or 
alternatively, indicate an attribute such as an importance level 
offeatures. An attribute can reflect a preference of a user for 
example—whether the feature is important or not, a level of 
importance of the feature, or any other attribute that may 
affect an editing that is responsive to the attribute. 
0.125. According to an embodiment of the invention, an 
editing process can include one or more iterations. The user 
can be presented with media entity portions of interest, fea 
tures, and even an edited media entity and receive feedback 
from the user (whether to alter the edited media entity, which 
features are more important or less important, adding media 
entity portions of interest, defining a level of interest that 
should allow an media entity of interest to be considered as a 
candidate to be included in an edited media entity, and the 
like. 
0126 These inputs are provided to any of the mentioned 
above blocks or system that may edit the edited media entity 
in response. The importance level provided by the user is 
taken into account during the editing—as images that may 
include a feature that was requested by the user will me more 
likely be included in the edited media entity. 
0127 Automatic Video production of selected clips—The 
selected clips and images can be used in a straightforward 
manner to create a video clip Summary. However, the method 
can also provide a much more compelling automatically pro 
duced video clip. The automatic production makes use of a 
library of effects, transitions, graphic assets and Soundtracks, 
which are determined according to the video and the extracted 
meta-data. For instance, an algorithm can choose to use a 
face-morphing transition effect between two clips, where the 
first clip ends in a face and the second clip starts in a different 
face. Another example is to use an effect where the frame is 
moving in the direction of the camera motion. 
0128 Automatic Interpretation of user directives—The 
user can act as a director during the filming of the video and 
perform various predefined gestures, in order to guide the 
later automatic editing and production stage. For instance, a 
user can indicate that he would like to create a mosaic by 
passing a finger from one side of the camera to the other and 
then panning slowly. Another example is that a user signals 
that he has just captured an important clip that should pop up 
in any editing by a special gesture (e.g. making 'V' with the 
fingers). In this manner, the system can identify user gestures 
and enables the user to act as the director of the automatic 
Summarization in vivo. 

0129. Manual Post Production. The user can watch the 
resulting production and can intervene to override automatic 
decision. For instance, the user can remove or add clips from 
a candidate list of clips using a simple checkbox interface. In 
addition, the user can change the starting point and endpoint 
of each selected clip. Moreover, user can change the transi 
tions if he likes, in a post production stage. 
0130 Personalized Production—besides manual post 
editing, the user can affect the automatic production and 
editing stages using a search query, which emphasizes the 
parts in the video, which are important to the user. The query 
can take the form of a full search query (text--tags--key 
words). For instance, a query of the form Danny jumping in 
the living room would put more emphasize in the editing and 
the production stages on parts which fit the query. Another 
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example is of a query which uses a visual tag describing a pet 
dog and a location tag with an image of the backyard. Another 
option for the user to affect the editing stage is by directly 
marking a sub-clip in the video which must appear in the 
production. Yet another example is that the user marks several 
people (resulting from Face Clustering and Recognition) and 
gets several productions, each production with the selected 
person highlighted in the resulting clip, Suitable for sharing 
with that respective person. 
0131 Professional Production. The method allows an 
additional, professional human editing and production. The 
method delivers the raw video, the extracted meta-data and 
the automatically produced video to professional producers 
(via internet or via a delivery service using DVDs etc.). After 
the professional editing, the user receives a final product (e.g., 
produced DVD) via mail or delivery. Such a professional 
production can complement the automatic production when 
professional quality is needed (e.g., for souvenirs, presents). 
Alternatively, the method can export the automatic editing 
and the respective meta-data to common video editing for 
mats (e.g., Adobe Premiere, Apple Final Cut). 
(0132 Automatic Movie “Trailer. The method 
described above for editing and production of video can be 
used to create an automatic movie trailer forevery video in the 
user library. This is a produced version of the video preview, 
which can be served as the default version for sharing a single 
video. This “Trailer can also be used as a short version for 
various kinds of user generated content (even if not personal), 
for instance for automatic “Trailers” of popular YouTube 
videos for users who prefer to view the highlight before 
viewing the entire video. 
I0133) Automatic Content Suggestions—The method 
automatically suggests to the user edited video clips which 
are suitable for sharing. For instance, after the video from a 
recent trip was loaded to the user computer, the method auto 
matically produces the relevant data and Suggests it to the 
user, who can decide to share the Suggestion by a simple 
approval of the Suggestion. 
I0134) Automatic News and Updates—The method uses 
the extracted meta-data to automatically find shared video 
and images which might interest the user. For instance, the 
method can Suggest to the user to view a video in one of his 
friends shared content in which he participates. In this man 
ner, a user can be informed of visual information, which may 
be of interest to him, even if he did not upload the video by 
himself. 
0.135 Automatic Group and Event Suggestions—The 
method uses the extracted meta-data and discovered similari 
ties between user data and shared data to propose formation of 
groups of people (e.g., close family, trip friends) and event 
Suggestions (e.g., trip, party, birthday). In this manner, shared 
media entities, which can be clustered with other media, can 
be grouped in a semi-automatic manner (with user approval). 
In addition, the method can suggest producing personalized 
Summaries of events—for instance, generating a different 
Summary for each chosen participant in which this participant 
is highlighted in the generated synopsis. Such personalized 
Summaries can encourage event and group participants to add 
their own media from the event, remix the results and so on. 
This can promote the building a large media pool of an event 
or a group. 
0.136 Graphics-Video interaction. The method enables 
to add a layer of graphic-video interaction, based on the 
extracted meta-data. For instance, a conversation bubble can 
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track a person's head or face. Another example is of a graphic 
sprite interacting with the video (e.g., a fly added as a graphic 
layer to the video and which avoids a person as he moves in 
the clip). This added layer can be disabled by the user. 
0.137 Return to original video The method enables the 
user to return to the original video clip from any point in the 
produced video by double-clicking (or tapping in touch 
screen) the display in that point. 
0138 Uploading and Broadcasting The method enables 
the user to upload the produced video and related meta-data to 
a video storage site, which enables to embed the video to be 
streamed via a video player (e.g., Flash Player) in various 
internet locations including: email, Social networks, blog 
sites, home pages, content management Systems, image and 
Video sharing sites. 
0139 Documentary web-pages—The method enables the 
user to create documentary web pages, which are dedicated 
for a certain entity Such as event, person, group and object. 
For example, creating a web page of a child, where video clips 
and images of the child are kept, documenting the child at 
different stages of his life. Another example is a page docu 
menting a party where all participating users are invited to 
view current productions, upload their footage of the party, 
invite further participants and use all uploaded footage to 
create new productions (and so on). A different example is a 
web page documenting a user's trips in the world.Yet another 
important example is a memorial page dedicated to the 
memory of a deceased person. The system can automatically 
detect new videos or images that are relevant to the documen 
tary page, and add them to the page via approval of the user. 
This web page can be organized as an album or as a story 
board, and can be accompanied with annotations and text that 
was inserted automatically (using the meta-data) or by the 
USC. 

0140 FIG. 3 illustrates a method 300 according to an 
embodiment of the invention. 

0141 Method 300 may start by stage 302 or 304. These 
stages are followed by a sequence of stages 310,320, 330, 
340, 350 and 360. 
0142 Stage 302 includes selecting, by a user, clips and 
images to be included in the production, a time limit and an 
optional query for indicating importance for the editing stage. 
0143 Stage 304 includes selecting, by the content analysis 
server or content analysis engine, clips and images automati 
cally to be used in a proposed production 
0144 Stage 310 includes completing, by the content 
analysis server or the content analysis engine, any unfinished 
analysis (if any) for the requested media 
0145 Stage 320 includes using the ImportanSee measure 
and other meta-data properties to automatically provide at 
least one video editing proposal 
0146 Stage 330 includes adding, automatically, produc 
tion graphics to the video according to the meta-data. Option 
ally suggesting by the production graphics, an audio track to 
add to the production 
0147 Stage 340 includes presenting the results to the user. 
The results may include clip selection, additional media clip? 
images proposals (which are currently out of the production), 
and relevant graphical effects. Optionally also previewing by 
the user the current production. 
0148 Stage 350 includes adapting the selection: changing 
start/end points, selected clips, audio track etc. 
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0149 Stage 360 includes saving video production compi 
lation in meta-data DB and produce video after obtaining user 
approval. 
0150. The Media Predictability Framework 
0151. The long list of features above is very difficult to 
implement in an adhoc manner. Instead, the proposed method 
relies on a unified media content analysis platform, which we 
denote as the media predictability framework. In this frame 
work, we measure to what extent a query media (visual or 
audio) entity is predictable from other reference media enti 
ties and use it to derive meta-data on this query entity: For 
instance, if a query media is un-predictable given the refer 
ence media, we might say that this media entity is interesting 
or Surprising. We can utilize this measurement, for example, 
to detect interesting parts in a movie by seeking for video 
segments that are unpredictable in this manner from the rest 
of the video. In addition, we can use the media predictability 
framework to associate between related media entities. For 
example, we can associate a photo of a face with a specific 
person if this photo is highly predictable from other photos of 
that person. 
0152. In the sections below, we first describe the theoreti 
cal foundations of the media predictability framework, then 
detail the implementation of the media analysis building 
blocks using this framework. Lastly, we describe how to 
implement the diverse features above, providing a compre 
hensive Solution for personal video using the media analysis 
building blocks. 
0153 A Non Parametric Approach for Determining Media 
Predictability 
0154 The predictability framework is a non-parametric 
probabilistic approach for media analysis, which is used by 
our method as a unified framework for all the basic building 
blocks that require high-level media analysis: Recognition, 
Clustering, Classification, SalienSee Detection, etc. We will 
first describe in detail the predictability framework and then 
show how to derive from it the different building blocks. 
0155 Generally speaking, the predictability measure is 
defined as follows: Given a query media entity d and a refer 
ence media entity C (e.g. portions of images, videos or 
audio) we say that d is predictable from C if the likelihood 
P(dIC) is high, and un-predictable if it is low. In this section 
we describe how to actually compute this predictability score 
in a unified manner, regardless of the application. 
0156 Descriptor Extraction 
0157. In this subsection we describe how to extract 
descriptors for a media entity. 
0158. A specific case of media descriptors is image 
descriptors. Each image descriptor describes a patch or region 
of interest or arbitrarily shaped region in the image (this can 
also be the entire image). One of the most informative image 
descriptors is the Daisy descriptor (Fua 2008) which com 
putes a gradient image, and then, for each sample point, 
produces a log-polar sampling (of size 200) of the gradient 
image around this point (a detailed description is given in 
(Fua 2008)). Video descriptors describe space-time regions 
(e.g. X-y-t cube in a video). Examples of video descriptors 
include, raw space-time patches or concatenating Daisy 
descriptors applied on several consecutive frames (e.g. -3 
frames, yielding a descriptor of length 200x3-600 around 
each sample point). However, there are many types of 
descriptors, known in the literature, that capture different 
aspects of the media, such as simple image patches, shape 
descriptors (See for example (G. Mori, S. Belongie, and J. 
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Malik 2005)), color descriptors, motion descriptors, etc. 
Information from different types of descriptors can be fused 
to produce better predictability estimation. 
0159. Similar to visual descriptors, audio can also be ana 
lyzed using audio descriptors. Some audio descriptors that are 
popular in the literature are MFCC, PLP, or the short-time 
spectrum. Audio descriptors can be specialized for speech 
representation, music representation, or general Sound analy 
sis. These descriptors can be computed, for example, using 
open source tools such as the CMU sphinx (http://cmusphinx. 
Sourceforge.net/). Although each media has its own very dif 
ferent descriptor type, our predictability framework is appli 
cable to all descriptor and media types. 
0160 FIG. 4 illustrates a pre-processing block 40 accord 
ing to an embodiment of the invention. 
0161 The pre-processing block 40 receives reference 
media entities 101 and a set of media data and outputs refer 
ence media descriptors 103 that can be stored in a media 
descriptors database. 
0162 The pre-processing block 40 processes the reference 
media entities 101 by a descriptor extractor 44 to provide a 
descriptor set of the reference media entities. The pro-pro 
cessing block 40 generates (by description extractor 41 and 
representative extractor 42) a descriptorspace representatives 
of the set of media data 102. The descriptor set of the refer 
ence media entities and the descriptor space representative 
are fed to a likelihood estimator 45 that outputs the reference 
media descriptors 103. 
(0163. Descriptor Extraction: Given a reference set of 
media entities C, we first compute a set of descriptors over a 
set of sampling points. The sampling points can be a uniform 
dense sampling of the media (for example, a grid in an image) 
or only at points of interest (e.g.—corners in image). Let {f. 
..., f denote the set of descriptors computed for the media 
reference C. 
0164. Descriptor-Space Representatives: Given a set of 
media entities (can be the reference media itself), the descrip 
tors for these entities are extracted. Next, the representative 
set is extracted from the full descriptor set in the following 
manner. A random sampling of the descriptor can be used to 
generate representative, but vector-quantization might also be 
used (for example—using mean-shift or k-means quantiza 
tion, etc.). 
0.165 Density Estimation: Given both the descriptor 
space representatives {q, . . . , q}, and the descriptor set 
extracted from the reference C-f..... f. the next step is 
likelihood estimation. {f,..., f is an empirical sampling 
from the underlying probability distribution of the reference. 
In this step, we estimate the log likelihood log P(q) of each 
representative q, in this empirical distribution. Several non 
parametric probability density estimation methods exist in 
the literature. The Parzen estimation of the likelihood is given 
by: 

0166 where K() is the Parzen kernel function (which is a 
non-negative operator and integrates to 1; 
(0167. A common kernel is the Gaussian kernel: (q. f.) 
=exp(s|q-f)) with s representing a fixed kernel width. The 
set of descriptor-representatives {q, . . . , q} together with 
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their corresponding likelihoods P(q). . . . , P(q) and the 
original descriptors {f . . . . . f. are used to construct the 
Media Descriptors Data-base, which is used in the query 
block. 
0168 FIG. 5 illustrates a query block 50 according to an 
embodiment of the invention. 
0169. The query block 50 receives a query media entity (d) 
104, reference media descriptors from reference descriptor 
database and outputs a predictability score P(dIC) 54. The 
query block 50 includes a description extractor 51, a set (1 to 
K) of descriptor likelihood estimators 52(1)-52(k) and a com 
bination unit 53. 
0170 Descriptor Extraction 51: Given a query media 
entity d, we first compute a set of descriptors {f', . . . . ff} 
over a set of sampling points (similar to the descriptor extrac 
tion step of the pre-processing block). 
0171 In addition, each descriptor is attached with a weight 
m, of its sample point, which can be user defined. Commonly, 
we use uniform weights, but other weighting schemes can be 
used: for example, giving a larger weight to a region of inter 
est (e.g. a ROI in an image which gives a weight of 1 to all 
descriptors inside the ROI, and Zero outside). 
(0172 Media likelihood Estimation 52(1)-52(K): For each 
descriptor f", the log-likelihood logP(f"IC) is estimated, 
where C is the reference media. The log-likelihood of each 
descriptor can be estimated in the following way: 

(0173 Where P (q) are pre-computed values extracted 
from the reference media descriptor database, ware interpo 
lation weights which are determined as a function of the 
distance off," from q. The simplest weighting scheme is 
linear, by setting wolf,'-ql'. This estimation can be 
approximated by taking only the first few nearest neighbors 
representatives, and setting w to Zero for the rest of the 
representatives. 
(0174) More generally, the log-likelihood logP(f"C) can 
be estimated using a non-linear function of the representative 
log-likelihood values and the distances from them: 

log P(fC)=F({log P(q I), ... log P(q).lf-q|, ... 
, If-q}) 

(0175 Combination: All the likelihoods of the different 
descriptors are combined to a predictability score of the entire 
query media entity d. The simplest combination is a weighed 
Sum of the log-likelihood estimations: 

PredictabilityScore(d|C)=Xm, log P(f C). 

0176 Where m, are the sample point weights mentioned 
above. If we have multiple types of descriptors (referred 
below as aspects), {f'. . . . . f. . . . . . {f'. . . . . f.) 
(I.e.—R different descriptor types or R aspects), the com 
bined score becomes: 

PredictabilityScore(d|C)=x, 'c,X, 'm log P(f.C) 

0177. Where C, are weights of each aspect (they can be 
determined manually or automatically from a training set). 
0.178 More generally, dependencies between the different 
descriptor types can be taken into account by setting: 

And: 

PredictabilityScore(d|C)=Fo*A*F, 
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0179 Where A encapsulates the dependencies between 
the different descriptor types (a diagonal matrix A will yield 
the previous formula, while taking the covariance matrix 
estimated empirically will yield the general formula). 
0180 Empirical Predictability Improvement. 
0181. The predictability score can be further improved 
using empirical post-processing. 
0182 Specifically, given a single media entity d, some 
times the predictability scores for several media references 
PredictabilityScore (dC),..., PredictabilityScore(d1C) are 
dependent. 
0183. As a result, comparing between different reference 
media sets can be improved by empirically estimating the 
distribution of the predictability score over a “training set. 
This training set aims to represent the set of queries, so it is 
best (if possible) to draw it randomly from the query set. Note 
that the distribution that we are trying to estimate now is 
simply the distribution of the predictability scores of a media 
entity given a set of references C. . . . Cs (note that this 
generated a new “feature' vector of dimension S for repre 
senting the query media). A straightforward approach is to 
use the non-parametric Parzen estimation, which has been 
described earlier, or recursively using our non-parametric 
likelihood estimation. 
0184 Media Analysis Building Blocks 
0185. In this section we describe how to derive each build 
ing block using the media predictability framework. The text 
below refers to the case of using a single aspect but the same 
approach holds for multiple aspects. 
0186 FIG. 6 illustrates a similarity block 60 according to 
an embodiment of the invention. 
0187. The similarity block 60 (also referred to as a simi 

larity building block) is used to quantify the similarity 
between two media entities M1M2. To do so, we use each 
media entity twice: once as a reference, and once as a query. 
0188 Referring to FIG. 6, the similarity block 60 receives 
a first media entity 111 and a second media entity 112. The 
first media entity is provided to a pre-processing block 61 
(when used as a reference) that extracts first media entity 
descriptorspace representatives that are fed (in addition to the 
second media entity) to a query block 50. The query block 50 
outputs a predictability score of the second media entity given 
the first media entity. 
0189 The second media entity is provided to a pre-pro 
cessing block 61 (when used as a reference) that extracts 
second media entity descriptor space representatives that are 
fed (in addition to the first media entity) to another query 
block 50. The other query block 50 outputs a predictability 
score of the first media entity given the second media entity. 
0190. Both predictability scores are fed to a unification 
unit 53 that outputs similarity(M1, M2) 65. 
(0191 In more details: 
0.192 A descriptor database is constructed from each 
media entity (using the pre-processing block—as was shown 
in the pre-processing section of the predictability frame 
work). 
(0193 The predictability PredictabilityScore (MIM) of 
media entity M given the media entity M as a reference is 
computed using the query block (as shown in the query sec 
tion of the predictability framework). 
(0194 Similarly, the predictability PredictabilityScore 
(MM) of media entity M. given the media entity M as a 
reference is computed. 
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0.195 The two predictability scores are combined to pro 
duce a single similarity measure. As a combination function, 
one can use any bimodal operator according to the specific 
application, Such as the average or the max operators. 
(0196. The “Classification” Building Block 
(0.197 FIG. 7 illustrates a classification building block 70 
according to an embodiment of the invention. The classifica 
tion building block is also referred to as classification block. 
0198 The classification building block is used to classify 
a media entity into one of several classes. To do so, we collect 
a set of media entities that relates to each class, construct a 
media descriptor DB from each reference class, and compare 
the query media to all of them using the query building block. 
(0199 The classification block 70 receives reference media 
entities of each class out of multiple media classes—C1 120 
(1)-120(N). 
0200. A query media entity d 104 and reference media 
entities of each class are fed to N query blocks 50—each 
query block receives the query media entity d and one of the 
reference media entities of a class—separate query blocks 
receive reference media entities of different classes. Each 
query block 50 outputs a predictability score of the query 
media entity given the media entity class. A classification 
decision block 72 classifies the query media entity to one or 
these classes based on the predictability Scores. 
0201 In more details: 
0202 For each class C, an example set of media entities 
relating to this class is selected. 
0203 For each set of entities, a descriptor database DB, is 
constructed using the pre-processing block—as was shown in 
the pre-processing section of the predictability framework. 
0204. The predictability PredictabilityScore(d1C) of the 
query media entity d given each class is estimated using the 
query block (as shown in the query section of the predictabil 
ity framework). 
0205 Finally, the predictability scores are entered into the 
classification decision block, which outputs the classification 
of d (Note that the classification doesn’t necessarily have to 
be a hard decision on a single class, but it can be the posterior 
probability of d to belong to each class). The simplest deci 
sion rule is setting the classification of d to be the class C for 
which the predictability score of d given C is the highest. But 
other decision rules are also possible—for example, comput 
ing posterior probabilities (given the prior probabilities of 
each class). In addition, the distribution of the predictability 
scores given all (or Subset) of the classes can be estimated 
using a “training set. (A simple way to do it is using the 
non-parametric Parzen estimation, as described earlier). With 
this empirical distribution estimation, the probability of clas 
sifying d with each class can now be determined directly from 
the distribution, providing “Empirically Corrected prob 
abilities. 

(0206. The “Detection’ Building Block 
0207. The classification block can operate as a detection 
block. Assuming that a certain feature is being searched in a 
query media stream. One reference media entity class is 
selected as including the feature as another reference media 
entity class is selected as not including the feature. The query 
media entity and these two media entity classes are fed to the 
classification block that classifies the query media entity as 
being included in one of these media classes-as including the 
feature or not including the feature. It is noted that more than 
two media classes can be provided and may include different 
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associations with the feature (not just a binary relationship of 
including or not including the feature). 
0208 FIG. 10 illustrates a decision block according to an 
embodiment of the invention. A set of media entities 160 that 
is pre-filtered 99 to provide a set of candidates for searching 
the feature within. The set of candidates and two classes of 
reference examples 162 and 164 are provided to a classifica 
tion block 98 that decides whether the feature exists in the 
candidates. The output is a list of detections 97 that indicates 
in which candidates the feature appears. 
0209. The detection building block is used to detect some 
pre-defined class (for example—face detection, or a detection 
of Some specific person) inside a set of media entities. The 
detection building block is actually a special case of the 
classification building block, in which the two reference 
classes are the “Class” and the “Non-Class' (for example— 
“Face” “Non Face”, “Speech” “Non-Speech”), and the 
set of queries is all the sub-segments of the media for which 
we would like to apply the detection—for example, a set of 
Sub-windows in a image. 
0210 Since the classification process usually takes too 
much time to be applied on all Sub-segments, a pre-filtering 
can be applied, choosing only a Subset of the segments. For 
example, the cascade based Viola & Jones method is widely 
used for object (e.g., face) detection, outputting a set of rect 
angles for which a face was detected. Yet, it also outputs a 
large set of erroneous detections, which can be further elimi 
nated by the “Class' "Non Class' detection block describe 
herein. See 
0211 for a schematic description of the detection building 
block. 
0212. The “Clustering Building Block 
0213. The clustering building block is used to cluster a set 
of media entities into groups. This building block is using the 
similarity building block described above to compute a simi 
larity measure between pairs of media entities, and then use 
standard clustering methods to cluster the affinity matrix. 
0214 FIG. 8 illustrates a clustering block 80 according to 
an embodiment of the invention. 
0215. The clustering block 80 includes multiple similarity 
blocks 60 that are fed with different media entities. During 
each iteration, the clustering blocks output a similarity score 
between two media entities. These similarity scores can be 
arranged to form a similarity/affinity matrix (or any other data 
structure) that is fed to a clustering algorithm 81 that clusters 
the media entities based on the similarity scores—clustering 
M1,..., MN 85. 
0216. In more details: 
0217. For each pair of media entities M, and M, the simi 
larity between them is computed using the similarity building 
block (described above). 
0218. A similarity matrix A, is computed by 
A similarity(MM). This similarity matrix forms an Affin 
ity matrix which is a common input for many clustering 
algorithms. 
0219. Finally, doing clustering from a Similarity or an 
Affinity matrix is well known in the art (For example, 
Agglomerative hierarchical clustering, spectral clustering 
(AndrewY. Ng and Michael I. Jordan and Yair Weiss 2001) or 
simply merging all pairs for which similarity(M. 
M.)>Threshold. 
0220. The “Saliensee” building block 
0221 FIG. 9 illustrates a SalienSee block 90 according to 
an embodiment of the invention. 
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0222. The SalienSee block tries to predict a portion of a 
media entity (It) based on previous media entity portions (I1 
... It-1) that precede it. 
0223) An input media entity 130 that includes multiple 
media entity portions is fed to the SalienSee block 90 one 
media entity portion after the other so that the media entity 
portions can be evaluated in an iterative manner-one after the 
other. 

0224. At point of timeta media entity portion (It) based on 
previous media entity portions (I1 ... It-1) that precede it. 
0225 Query block 50 receives (as a query media entity) 
the media entity portion. It and receives (as reference descrip 
tor space representative) descriptors space representatives of 
the previous media entity portions. 
0226. The query block 50 calculates a predictability score 
that may be regarded as a saltiness score 95. The media entity 
portions are also fed to a database 92. The content of the 
database are processed by pre-processing block 40. 
0227. The proposed method uses a new measure called 
“SalienSee'. It measures the extent by which a point in time 
in the media is salient in the media. This can also indicate that 
this point in time is “surprising”, “unusual or “interesting. 
We say that a media entity has high SalienSee if it cannot be 
predicted from some reference set of media entities. Let d be 
Some query media entity, and let C denote the reference set of 
media entities. We define the SalienSee of d with respect to C 
as the negative log predictability of d given C (i.e. SalienSee 
(d|C)=-log PredictabilityScore (dC)). Using this notation, 
we can say an event is unusual if its SalienSee measure given 
other events is high. For instance, the SalienSee measure can 
capture the moments in video in which the activity becomes 
boring (which is very common in a personal video)—for 
example, when someone starts jumping it might be interest 
ing, but the next jumps are getting more and more boring as 
they are already very predictable from the past. Formally, 
let/(t, t) denote the time segment t<tst of the video clip d. 
We say that the video d (t, t--öt) is boring if its SalienSee 
measure with respect to the past is small, i.e. if SalienSee(d 
(t.t--öt)ld(t-T,t))<S, where T, Öt are some periods of time 
(e.g.—T is a minute, Öt is a second. 
0228 Implementing the personal video features above 
using the building blocks 
0229. As shown in the previous sub-section, all the basic 
building blocks that are used by the proposed method can be 
directly implemented using the media predictability frame 
work. Next, we show how these building blocks (e.g., Rec 
ognition, Clustering) can be used to realize the long list of 
features, presented above, in order to enable comprehensive 
Solution for searching, browsing, editing and production of 
personal video. 
0230 Tagging: Automatic tagging of media entities is 
achieved by applying the Detection/Recognition building 
block several times. Some tags are extracted by solving a 
detection problem. For instance adding a tag “face' whenever 
the face detector detected a face in a video clip, or a tag 
“applause whena Sound of clapping hands is detected. Other 
types of tags are extracted by solving a recognition (or clas 
sification) problem. For instance, a specific person-tag is 
added whenever the face-recognition module classifies a 
detected face as a specific, previously known face. Another 
example is classifying a scene to be "living-room scene' out 
of several possibilities of pre-defined scene location types. 
The combination of many detection and recognition modules 
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can produce a rich and deep tagging of the media assets, 
which is valuable for many of the features described below. 
0231. The method utilizes at least some of the following 
tagging: face poses ("frontal”, “profile' etc.), specific per 
Sons, facial expressions (“smile”, “frown' etc.), Scene-types 
(“living-room”, “backyard”, “seaside' etc.), behavior type 
("running', 'jumping, "dancing”, “clapping-hands' etc.), 
speech detection, Soundtrack segment beat classification (e.g. 
“fast-beat”, “medium-beat”, “slow beat'), voice classifica 
tion (“speech”, “shout”, “giggle”, etc.). Note that the Media 
Predictability Framework enables a single unified method to 
handle recognition and detection problems from completely 
different domains (from behavior recognition to audio clas 
sification), simply by Supplying examples from the recog 
nized classes (whether video, image or audio examples). 
0232 ImportanSee: our “ImportanSee” measure is used to 
describe the importance or the amount of interest of a video 
clip for some application—for example, in a video Summary 
we can display only the important parts while omitting the 
unimportant ones. In principle, this measure is Subjective, and 
cannot be determined automatically. However, in many cases 
it can be estimated with no user intervention using attributes 
such as the attributes listed below: 
0233 SalienSee Very low saliency clips are usually bor 
ing and not important. Therefore, we can attribute low impor 
tanSee to those clips. 
0234 Camera Motion: Camera motion is an important 
Source of information on the intent of the cameraman. A 
panning of the camera usually indicates that the photographer 
is either scanning the scene (to get a panorama of the view), or 
just changing the focus of attention. Video segments that 
relates to the second option (a wandering camera) can be 
assigned with a low ImportanSee. A case where the camera is 
very shaking and not stabilized can also reduce the overall 
ImportanSee. The camera motion can be estimated using 
various common methods (e.g. (J. R. Bergen, P. Anandan, K. 
J. Hanna, and R. Hingorani 1992)). 
0235 Camera Zoom: A Camera Zoom-in is usually a good 
indication for high importance (i.e., resulting in high Impor 
tanSee). In many cases, the photographer Zooms in on some 
object of interest to get a close-up view of the subject (or 
event). 
0236 Face close-up: Images or video clips in which faces 
appear in the scene are usually important. Specifically, a 
close-up on a face (in a frontal view) will usually indicate a 
clear intention of the photographer to capture the person (or 
persons) being photographed, and can serve as a strong cue 
for high importanSee. 
0237 Speech: Speech detection and recognition can help 
detecting interesting periods in the video. Moreover, laughter 
(general, or of a child) increases the ImportanSee measure of 
the corresponding video segment. An excited Voice may also 
be used as a cue for importanSee. 
0238 Facial expressions: Facial expressions are a good 
cue for high ImportanSee. For instance, moments when a 
person Smiles or a child frowns or cries indicates a high 
ImportanSee. 
0239 Given a visual entity d (for example, a video seg 
ment), the attributes above can be used to compute interme 
diate importance scores S. S. (in our implementation, these 
scores can be negative. Such scores can be obtained by using 
direct measurements (e.g., SalienSee measure of a clip), or by 
Some binary predicate using the extracted meta-data (e.g., S-1 
if clip includes a large face closeup tag and S-0 otherwise). 

Aug. 7, 2014 

The final Importan.See measure is given as a weighted Sum of 
all attribute scores. I.e., ImportanSee (d) max(X,C,S, 0). 
where C, is the relative weights of each attribute. 
0240 Table of contents: Table of (visual) contents is a 
hierarchical segmentation of visual entities (video or set of 
Videos and images). This feature can be implemented as a 
clustering of the various scenes in a video. For instance, by 
sampling short video chunks (e.g., 1 second of video every 5 
seconds of video) and clustering these media chunks (using 
the clustering building block) will produce a flat or hierarchi 
cal table of contents of the video. In addition to this segmen 
tation, each segment is attached with either a textual or visual 
short description (for example, a representative frame or a 
short clip). This representative can be selected randomly, or 
according to its ImportanSee measure. 
0241 Intelligent preview and thumbnails: This is a very 
short (e.g., 5-10 seconds long) Summary of the most repre 
sentative and important portions of the video. This feature can 
be implemented by simply selecting the time segments of the 
video with the maximal ImportanSee. 
0242 Video links and Associative browsing: This feature 
facilitates video and image links, which are based on audio 
visual and semantic similarity. This feature can be imple 
mented as a combination of using the Tagging feature and the 
similarity building block: The similarity building block is 
used to quantify the direct audio-visual similarity between 
images and video. The Tagging feature is used to quantify the 
semantic association between media entities—for instance, 
two videos of birthday parties, two videos of dogs etc. To 
quantify the semantic similarity, various simple distances can 
be used between the tag lists of each media entity, Such as the 
number of mutual tags or a weighted Sum of the mutual tags, 
which emphasizes some tags over others. To quantify the 
overall similaritya (weighted) Sum of the semantic and audio 
visual similarity can be used to combine the different simi 
larity measures. Links between media entities can be formed 
for pairs of entities with high enough overall similarity. 
0243 Content-based fast forward: In Content-based fast 
forward, interesting parts are displayed in a normal speed (or 
with a small speed-up), while less interesting parts are 
skipped (or displayed very fast). This can be done automati 
cally using the ImportanSee measure: The speed-up of each 
Video segment d is determined as a function of its Importan 
See, I.e. speedup(d)=F(ImportanSee(d)). Two simple 
examples for F are F(x)=1/x and the threshold function 

(which is equivalent to selecting the important video seg 
ments). 
0244 Automatic Video Editing & Synopsis: The main 
challenge in automatic video editing is to automatically select 
the most important sub-clips in the video, which best repre 
sent the content of the original video. This selection is an 
essential stage for most of the features that relates to auto 
matic video editing: creating a video synopsis (or Movie 
“Trailer), video production, intelligent thumbnails, etc. This 
task is best served by the ImportanSee building block (de 
scribe above) to determine the importance of each sub-clip 
in the video, and promoting the selection of the most impor 
tant ones to be used in the edited video. Using the fact that we 
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can compute the ImportanSee measure on any video Sub-clip 
we define a video editing score for a video editing selection of 
clips c1, ..., c, from a video V: Score (c. . . . . c.)-X, Impor 
tanSee(c.). 
0245 Thus we can pose the problem of automatic video 
editing as an optimization of the editing score above given 
Some constraints (e.g., Such that the totallength of all selected 
Sub-clips is not longer than one-minute). This is a highly 
non-continuous function and is best-optimized using Stochas 
tic optimization techniques (e.g., Simulated Annealing, 
Genetic Algorithms) where the score function is used to 
evaluate the quality of a selection and random selection and 
mutation (e.g., slightly changing clip starting and ending 
points) enables discovery of the problem-space during the 
optimization process. 
0246 System 
0247 FIG. 12Error! Reference source not found. illus 

trates a system and its environment according to an embodi 
ment of the invention. The system implements any of the 
methods described above to provide a comprehensive solu 
tion for browsing, searching and sharing of personal video. 
0248. The system has various components which reside on 
several sites. The related sites and the components on them 
are described next. 
0249 User Computer 20. The user computer(Desktop, 
Laptop, Tablet, Media-Center, Pocket PC, Smartphone etc.) 
may include two databases 21 and 23, content analysis engine 
22 and user interface application 24. 
0250. The user computer can store a large amount of visual 
data in general locations such as My Video and My Pic 
tures directories in Microsoft Windows Operation Systems. 
Most of the data in these locations is raw data and yet per 
Sonal. 
0251 The content analysis engine 22 may process runs in 
the background (optionally only during the computer idle 
time) or upon user request. It analyzes the user's visual data 
(videos and pictures), and extracts meta-data using a work 
queue. 

0252. The work queue is filled by the content analysis 
engine 22 as well as by the user selection (a user can insert any 
Video or image to the top of the queue). 
0253) While the original video and images of the user may 
remain intact, the content analysis engine 22 may use the 
private Meta-Data DB 23 to store the extracted meta-data and 
reuses this meta-data for its own analysis (e.g., extracted 
visual tags are stored there for future automatic tagging). 
0254. In a different embodiment, the content analysis 
engine 22 is not a software installed on the user computer 20, 
but rather an internet browser plug-in or a Software compo 
nent (e.g., ActiveX) which enables the user to apply the con 
tent analysis engine 22 to run without full software installa 
tion (but a plug-in installation). In another embodiment of this 
system, there is not content analysis engine on the User 
Computer. Instead, the user can make use of content analysis 
server software (12) as a service which resides on the inter 
action server 10. 

0255. The user interface application 24 lets the user apply 
a sub-set of the method capabilities discussed above, thus 
enabling browsing, searching and sharing of personal video. 
The Sub-set depends on the type of client, license and com 
puter. In one embodiment, this is a standalone client installed 
on the user computer. In another embodiment, this is a web 
application which uses an internet browser for running the 
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user interface, which enables running it from any internet 
browser, without installing software. 
0256 Interaction Server 
0257. The interaction server 10 hosts several servers 
which enable users to share personal video and images and 
broadcast them on various internet locations by embedding 
them. The User Profile 18 contains various information 
about the user, Such as its personal details, a list of accounts in 
various internet services, a list of friend and family members 
and usage statistics. The Public Data+Meta-Data DB 17 
contains data that the user selected to share from the User 
Computer: relevant meta-data and also video clips, images, 
etc. Sharing can be limited to various groups—family, 
friends, everyone etc. The database is also responsible for 
initiating synchronization with connected User Computers 
and mobile appliances. The Content Analysis Server 12 is a 
powerful version of the content analysis engine on the user 
computer 20 which enables to process a large amount of 
visual data being uploaded to the site. This enables the user to 
process video even from a computer that does not have the 
content analysis engine installed (i.e., SaaS Software as a 
Service). 
(0258. The Video Platform Server 19 performs the actual 
streaming and interaction with users and visitors that view 
Video and images stored on the Interaction server. It con 
tains the actual Streaming module 194 which is responsible 
for the actual delivery of the video on time and with the right 
quality. The Interaction module 192 is responsible for inter 
preting the user requests (e.g., press on a table of contents 
element) and communicate it with the Streaming server or 
the Local Player. The Analytics module 193 is responsible 
for recording user behavior and response for each video and 
advertise that was displayed on it (e.g., number of times a 
Video was watched, number of skips, number of times an ad 
was watched till its end). The Ad-Logic 191 uses informa 
tion from the Analytics module to choose the best strategy to 
select an ad for a specific video and user and how to display it. 
This information is synchronized in real-time with the Local 
Player. The Ad-Logic module can instruct the Local 
Player to display an ad in various forms, including: pre-roll, 
post-roll, banners, floating ads, textual ads, bubble ads, ads 
embedded as visual objects using the extracted video meta 
data (e.g., adding a Coca-Cola bottle on a table). 
0259 Internet Locations 
0260 Users and visitors can view video and images which 
users decided to share on various Internet Locations' 40 that 
may include Social networks, email services, blogs, MyS 
pace, Gmail, Drupel, Facebook and the like. The actual view 
ing of video is performed by an embedded player which can 
be based on various platforms such as Adobe Flash, Microsoft 
Silverlight, HTML5 etc. The player can be embedded either 
directly or using a local application (e.g., Facebook applica 
tion) in various internet locations including: Social Networks 
(e.g., Facebook, Myspace), Email messages, Homepages, 
Sharing-Sites (e.g., Flickr, Picasa), Blogging sites and plat 
forms (e.g., Wordpress, Blogger) and Content Management 
Systems (e.g., Drupal, Wikimedia). Alternatively to embed 
ding a Local Player the user can user an internet link to a 
dedicated video page on the Interaction server. 
0261 Mobile Networks 
0262. Users can view and synchronize video via mobile 
appliances (e.g., cell phones) using the cellular networks 50 
or internet networks 40. In cases that the mobile appliance is 
computationally strong enough (e.g., Pocket-PC. Smart 
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phone) it can be regarded as a User Computer. In other cases 
it can use a Mobile Application which enables to view media 
from the Interaction server as well as uploading raw media 
from the mobile appliance. In this manner the Mobile Appli 
cation can use the Content Analysis Server in the Interac 
tion server to produce and share video even for appliances 
with low computational powers. Moreover, the Interaction 
server can automatically synchronize uploaded content with 
other connected User Computers. 
0263 Movie Production 
0264. Users can select to send automatically produced 
media for further, professional production by human experts. 
The system proceeds by sending the relevant raw video, the 
extracted meta-data and the automatically produced video to 
a professional producer 70 (via internet or via a delivery 
service using DVDs etc.). After the professional editing is 
finished, the user receives a final product (e.g., produced 
DVD) via mail or delivery. 
0265. Other Electronic Appliances 
0266. In other embodiments, the system is implemented 
on Other Electronic Appliances with do not utilize general 
CPUs or without enough computational power. In these cases, 
parts of the software modules described in user computer are 
implemented in embedded form (ASIC, FPGA, DSP etc.). 
0267 FIG. 13 illustrates method 1300 according to an 
embodiment of the invention. Method 1300 is for determining 
a predictability of a media entity portion. 
0268 Method 1300 starts by stage 1310 of receiving or 
generating (a) reference media descriptors, and (b) probabil 
ity estimations of descriptor space representatives given the 
reference media descriptors; wherein the descriptor space 
representatives are representative of a set of media entities. 
0269 Stage 1310 is followed by stage 1320 of calculating 
a predictability score of the media entity portion based on at 
least (a) the probability estimations of the descriptor space 
representatives given the reference media descriptors, and (b) 
relationships between the media entity portion descriptors 
and the descriptor space representatives. 
(0270 Stage 1320 may be followed by stage 1330 of 
responding to the predictability score. 
(0271 Stages 1310-1330 can be repeated multiple times on 
multiple media entity portions. 
0272 Stage 1320 may include at least one of the follow 
ing: (a) calculating distances between descriptors of the 
media entity and the descriptor space representatives; (b) 
calculating a weighted Sum of probability estimations of the 
descriptor space representatives, wherein weights applied for 
the weighted Sum are determined according to distances 
between descriptors of the media entity portion and descrip 
tor space representatives; (c) generating the probability esti 
mations given the reference media descriptors; wherein the 
generating comprises calculating, for each descriptor space 
representative, a Parzen estimation of a probability of the 
descriptor space representative given the reference media 
descriptors. 
0273. According to an embodiment of the invention 
method 1300 may be applied on different portions of a media 
entity in order to locate media portions of interest. Thus, stage 
1320 may include calculating the predictability of the media 
entity portion based on reference media descriptors that rep 
resent media entity portions that precede the media entity 
portion and belong to a same media entity as the media entity 
portion. Repeating stage 1310 and 1320 on multiple portions 
of the media entity can result in calculating the predictability 
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of multiple media entity portions of the media entity and 
detecting media entity portions of interest. Stage 1330 may 
include generating a representation of the media entity from 
the media entity portions of interest. 
0274. According to an embodiment of the invention, the 
importance of a media entity portion can be determined based 
on additional factors. Thus, stage 1320 can be augmented to 
include defining a media entity portion as a media entity 
portion of interest based on the predictability of the media 
entity portion and on at least one out of a detection of a camera 
motion, a detection of a camera Zoom or a detection of a face 
close-up. 
(0275 FIG. 14 illustrates method 1400 according to an 
embodiment of the invention. Method 1400 is for evaluating 
a relationship between a first media entity and a second media 
entity. 
0276 Method 1400 starts by stage 1410 of determining a 
predictability of the first media entity given the second media 
entity based on (a) probability estimations of descriptor space 
representatives given second media entity descriptors, 
wherein the descriptor space representatives are representa 
tive of a set of media entities and (b) relationships between 
second media entity descriptors and descriptors of the first 
media entity. 
(0277 Stage 1410 is followed by stage 1420 of determin 
ing a predictability of the second media entity given the first 
media entity based on (a) probability estimations of descrip 
tor space representatives given first media entity descriptors, 
and (b) the relationships between first media entity descrip 
tors and descriptors of the second media entity. 
0278 Stage 1420 is followed by stage 1430 of evaluating 
a similarity value between the first media entity and the sec 
ond media entity based on the predictability of the first media 
entity given the second media entity and the predictability of 
the second media entity given the first media entity. 
0279 Stage 1400 may be repeated multiple times, on mul 
tiple media entity portions. For example, it may include 
evaluating the relationships between multiple first media enti 
ties and multiple second media entities based on a predict 
ability of each first media entity given the multiple second 
media entities and a predictability of each second media 
entity given the first media entity. 
0280 Method 1400 can be used for clustering by evalu 
ating the similarity value of a media entity to a cluster of 
media entities. Thus, method 1400 can include clustering first 
and second media entities based on the relationships between 
the multiple first media entities and the multiple second 
media entities. 
(0281 FIG. 15 illustrates method 1500 according to an 
embodiment of the invention. Method 1500 is for classifying 
media entities. 
(0282 Method 1500 starts by stage 1510 of receiving or 
generating (a) media class descriptors for each media entity 
class out of a set of media entity classes, and (b) probability 
estimations of descriptor space representatives given each of 
the media entity classes; wherein the descriptor space repre 
sentatives are representative of a set of media entities. 
(0283 Stage 1510 is followed by stage 1520 of calculating, 
for each pair of media entity and media class, a predictability 
score based on (a) the probability estimations of the descrip 
torspace representatives given the media class descriptors of 
the media class, and (b) relationships between the media class 
descriptors and the descriptor space representatives descrip 
tors of the media entity. 



US 2014/0223309 A1 

0284 Stage 1520 is followed by stage 1530 of classifying 
each media entity based on predictability scores of the media 
entity and each media class. 
0285 FIG. 16 illustrates method 1600 according to an 
embodiment of the invention. Method 1600 is for searching 
for a feature in a media entity. 
0286 Method 1600 starts by stage 1610 of receiving or 
generating first media class descriptors and second media 
class descriptors; wherein the first media class descriptors 
represent a first media class of media entities that comprises 
a first media feature; wherein the second media class descrip 
tors represent a second media class of media entities that does 
not comprise the first media feature. 
0287 Stage 1610 is followed by stage 1620 of calculating 
a predictability Score given a first media class based on (a) 
probability estimations of descriptor space representatives 
given the first media class descriptors, and (b) relationships 
between the first media class descriptors and descriptors of 
the media entity. 
0288 Stage 1620 is followed by stage 1630 of calculating 
a second media class predictability score based on (a) prob 
ability estimations of descriptor space representatives given 
the second media class descriptors, and (b) relationships 
between the second media class descriptors and descriptors of 
the media entity. 
0289 Stage 1630 is followed by stage 1640 of determin 
ing whether the media entity comprises the feature based on 
the first media class predictability score and the second media 
class predictability score. 
0290 Stage 1640 can be followed by stage 1650 of 
responding to the determination. For example, stage 1650 
may include detecting media entities of interest in response to 
a detection of the feature. 
0291 Stage 1600 can be repeated in order to detect a 
feature in multiple media entities by repeating, for each media 
entity stages 1610-1650. 
0292. The feature can be a face but this is not necessarily 
SO. 

0293 FIG. 17 illustrates method 1700 according to an 
embodiment of the invention. Method 1700 is for processing 
media streams. 
0294 Method 1700 starts by stage 1710 of applying 
probabilistic non-parametric process on the media stream to 
locate media portions of interest. Non-limiting examples of 
Such probabilistic non-parametric process are provided in the 
specification. 
0295) A non-parametric probability estimation is an esti 
mation that does not rely on data relating to predefined (or 
known in advance) probability distribution, but derive prob 
ability estimations directly from the (sample) data. 
0296 Stage 1710 may include detecting media portions of 
interestin response to at least one additional parameter out of 
(a) a detection of a change of focal length of a camera that 
acquires the media; (b) a detection of a motion of the camera; 
(c) a detection of a face; (d) a detection of predefined sounds; 
(e) a detection of laughter, (f) a detection of predefined facial 
expressions; (g) a detection of an excited Voice, and (h) detec 
tion of predefined behavior 
0297 Stage 1710 is followed by stage 1720 of generating 
metadata indicative of the media portions of interest. 
0298 Stage 1720 may include adding tags to the media 
portions of interest. 
0299 Stage 1720 is followed by stage 1730 of responding 
to the metadata. 
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(0300 Stage 1730 may include at least one of the follow 
ing: (a) generating a representation of the media stream from 
the media portions of interest; (b) generating a trick play 
media stream that comprises the media portions of interest; 
(c) finding media portions of interest that are similar to each 
other; (d) tagging media portions of interest that are similar to 
each other, and (e) editing the media stream based on the 
media portions of interest. 
0301 Either one of the mentioned above methods can be 
executed by a computer program product that includes a 
non-transitory computer readable medium. 
0302 While certain features of the invention have been 
illustrated and described herein, many modifications, Substi 
tutions, changes, and equivalents will now occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifica 
tions and changes as fall within the true spirit of the invention. 

1. A method comprising: 
obtaining at least one user-captured footage which 

includes at least one video footage; 
automatically generating, based on a decision function, a 

sequence of selected media portions, wherein at least 
one selected media portion is a Subset of the at least one 
video footage; and 

allowing a user to apply modification operations to said 
sequence of selected media portions, wherein said modi 
fication operations comprise at least one of 

changing at least a starting point or an end point of at least 
one selected media portion of the video footage; remov 
ing at least one of said selected media portions; and 

automatically generating, based on the user modifications, 
an audiovisual work comprising the selected media por 
tions. 

2. The method according to claim 1, wherein the at least 
one user-captured footage further comprises a plurality of still 
images, and wherein the selected media portions further com 
prise one of the plurality of still images. 

3. The method according to claim 1, wherein the audiovi 
Sual work further comprises at least one transition between 
two of the selected media portions. 

4. The method according to claim 1, further comprising 
automatically generating, prior to the modification operations 
by the user, an audiovisual work comprising the selected 
media portions. 

5. The method according to claim 1, wherein said modifi 
cation operations further comprise adding at least one addi 
tional selected media portion. 

6. The method according to claim 1, wherein said modifi 
cation operations further comprise adding at least one addi 
tional video media portion being a portion of said at least one 
user captured video footage. 

7. The method according to claim 1, wherein said addi 
tional media portion is selected by a user from a second set of 
media portions, each media portion being one of the plurality 
of still images or a portion of the at least one video footage; 
and wherein this second set is automatically generated based 
on a decision function. 

8. A method comprising: 
obtaining at least one user-captured footage; 
automatically generating, based on a decision function, a 

sequence of selected media portions; and 
allowing a user to apply modification operations to said 

first sequence of selected media portions, wherein said 
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modification operations comprise selecting a plurality 
of faces to be emphasized; and 

automatically generating, based on the user modifications, 
an edited audiovisual work that emphasizes the selected 
faces. 

9. The method according to claim 8, further comprising 
automatically generating, prior to the modification operations 
by the user, an initial audiovisual work comprising the 
selected media portions, and wherein the emphasized faces 
appear more often in the edited audiovisual work than in the 
initial audiovisual work. 

10. A system comprising: 
a computer processor; 
an input device configured to obtain at least one user 

captured footage which includes at least one video foot 
age; and 

a display device, 
wherein the computer processor is configured to automati 

cally generate, based on a decision function, a sequence 
of selected media portions, wherein at least one of the 
Selected media portions is a Subset of the at least one 
Video footage; 

wherein the input device is configured to allow a user to 
apply modification operations to said sequence of 
Selected media portions presented over the display 
device, wherein said modification operations comprise: 
changing at least a starting point or an end point of at 
least one selected media portion of the video footage; 
and 

removing at least one of said selected media portions, and 
wherein the computer processor is configured to auto 
matically generate, based on the user modifications, an 
audiovisual work comprising the selected media por 
tions. 

11. The system according to claim 10, wherein the one 
user-captured footage further comprises a plurality of still 
images, and wherein the selected media portions further com 
prise one of the plurality of still images. 

12. The system according to claim 10, wherein the audio 
visual work further comprises at least one transition between 
two of the selected media portions. 

13. The system according to claim 10, further comprising 
automatically generating, prior to the modification operations 
by the user, an audiovisual work comprising the selected 
media portions. 

14. The system according to claim 10, wherein said modi 
fication operations further comprise adding at least one addi 
tional selected media portion. 

15. The system according to claim 10, wherein said modi 
fication operations further comprise adding at least one addi 
tional video media portion being a portion of said at least one 
user captured video footage. 

16. The system according to claim 10, wherein said addi 
tional media portion is selected by a user from a second set of 
media portions, each media portion being one of the plurality 
of still images or a portion of the at least one video footage; 
and wherein this second set is automatically generated based 
on a decision function. 
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17. A system comprising: 
a computer processor, 
an input device configured to obtain at least one user 

captured footage; and 
a display device, 
wherein the computer processor is configured to automati 

cally generate, based on a decision function, a first 
sequence of selected media portions, 

wherein the input device is configured to allow a user to 
apply modification operations to said first sequence of 
Selected media portions presented over the display 
device, wherein said modification operations comprise 
Selecting a plurality of faces to be emphasized, and 

wherein the computer processor is further configured to 
automatically generate, based on the user modifications, 
an edited audiovisual work that emphasizes the selected 
faces. 

18. The system according to claim 17, the computer pro 
cessor is further configured to automatically generate, prior to 
the modification operations by the user, an initial audiovisual 
work comprising the selected media portions; and wherein 
the emphasized faces appear more often in the edited audio 
visual work than in the initial audiovisual work. 

19. A computer program product comprising: 
a non-transitory computer readable storage medium hav 

ing computer readable program embodied therewith, the 
computer readable program comprising: 

computer readable program configured to obtain at least 
one user-captured footage which includes at least one 
video footage; 

computer readable program configured to automatically 
generate, based on a decision function, a sequence of 
Selected media portions, wherein at least one selected 
media portion is a subset of the at least one video foot 
age. 

computer readable program configured to allow a user to 
apply modification operations to said sequence of 
Selected media portions presented over the display 
device, wherein said modification operations comprise: 
changing at least a starting point or an end point of at 
least one selected media portion of the video footage; 
and removing at least one of said selected media por 
tions; and 

computer readable program configured to automatically 
generate, based on the user modifications, an audiovii 
Sual work comprising the selected media portions. 

20. A computer program product comprising: 
a non-transitory computer readable storage medium hav 

ing computer readable program embodied therewith, the 
computer readable program comprising: 

computer readable program configured to obtain at least 
one user-captured footage; 

computer readable program configured to automatically 
generate, based on a decision function, a first sequence 
of selected media portions, 

computer readable program configured to allow a user to 
apply modification operations to said first sequence of 
Selected media portions presented over the display 
device, wherein said modification operations comprise 
Selecting a plurality of faces to be emphasized; and 

computer readable program configured to automatically 
generate, based on the user modifications, an edited 
audiovisual work that emphasizes the selected faces. 
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