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Description
SYSTEM AND METHOD OF SAVING DIGITAL CONTENT

CLASSIFIED BY PERSON-BASED CLUSTERING
Technical Field

Aspects of the present invention relate to a system and method of saving digital
content classified by person-based clustering, and more particularly, to a system and
method of classifying digital content by person-based clustering and saving the

classified content in a database.

Background Art

Recently, as use of mass digital storage devices, such as HDD, flash memory, and so
forth, has spread, the amount of digital content that can be stored in such digital
storage devices has been increasing geometrically. In addition, with the activation of
P2P (Peer-to-Peer), online shopping, UCC (User Created Content), and so forth, many
kinds of digital content have been produced, which can be managed by multimedia
devices that can manage digital content, such as digital cameras, MP3 players, digital
TVs, PVRs (Personal Video Recorders), PMPs (Portable Multimedia Player), and so
forth.

Accordingly, there is an increasing demand to browse or retrieve content in diverse
forms, and diverse retrieving techniques have been used for such content browsing.
However, as the use of high-integrated and subminiature memories has been gen-
eralized due to the development of memory technology, and digital image compression
technology that does not greatly damage the picture quality has been developed, a large
amount of digital content can be stored in multimedia devices, and thus a system and
method for effectively managing the stored digital content is required.

Users have a tendency to classify and arrange digital content by times, persons, or
specified categories. Such classified digital content can be browsed by a user or easily
shared with another user. However, it takes a lot of time and effort in grouping or
labeling a large amount of digital content one by one, and another user must reclassify
the digital content even after the content has been classified by the original user.

As described above, with the increasing demand to browse or retrieve content in
diverse forms, person information included in the content may be used as a primary
tool in browsing or retrieving content. For example, photos may be classified into
user’s own photos, photos of the user’s wife, photos of the user’s son, photos of the
user’s parents, photos of the user’s friend, and so forth, and videos may be classified
according to the appearance of characters in various scenes.

Accordingly, there is a need for a system and method for classifying digital content
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by person-based clustering and efficiently saving the classified content in a database.
In addition, there is a need for a system and method for automatically classifying
digital content by person-based clustering and saving the classified content in a
database even where the digital content is added or deleted.

Disclosure of Invention
Technical Problem

Aspects of the present invention provide a system and method of saving digital
content classified by person-based clustering when an addition or deletion of the digital
content is performed.

Additional aspects of the present invention provide a system and method of
classifying digital content by person-based clustering and efficiently saving the
classified digital content in a database by introducing flags through a cluster grouping
when an addition or deletion of the digital content is performed.

Additional advantages, objects, and features of the invention will be set forth in part
in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention.

Technical Solution

According to an aspect of the invention, a system for saving digital content classified
by person-based clustering is provided. The system includes a database to save a
plurality of digital content classified by person-based clustering; a data structure
generation unit to generate a data structure including a plurality of nodes using the
plurality of digital content; a face recognition unit to extract a face descriptor of new
digital content to be saved in the database; a cluster classification unit to classify the
new digital content and the plurality of digital content by the person-based clustering
using the extracted face descriptor; and a data structure update unit to update the data
structure according to the classification.

According to another aspect of the present invention, a system for saving digital
content classified by person-based clustering is provided. The system includes a data
structure generation unit to generate a data structure including a plurality of nodes
using a plurality of digital content; a cluster classification unit to classify the remaining
digital content by the person-based clustering using a face descriptor if a part of the
plurality of digital content is deleted; a data structure update unit to update the data
structure according to the classification; and a database to update and save the
remaining digital content by reflecting the updated data structure.

According to another aspect of the present invention, a method of saving digital

content classified by person-based clustering is provided. The method includes
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generating a data structure including a plurality of nodes using a schema of a database
that stores a plurality of digital content; extracting a face descriptor of new digital
content to be saved in the database; classifying the new digital content and the plurality
of digital content by the person-based clustering using the extracted face descriptor;

and updating the data structure according to the classification.
According to another aspect of the present invention, there is provided a method of

saving digital content classified by person-based clustering, which includes generating
a data structure including a plurality of nodes using a plurality of digital content;
classifying the remaining digital content by the person-based clustering using a face
descriptor if a part of the plurality of digital content is deleted; updating the data
structure according to the classification; and updating and saving the remaining digital
content in a database by reflecting the updated data structure.

Additional aspects and/or advantages of the invention will be set forth in part in the
description which follows and, in part, will be obvious from the description, or may be
learned by practice of the invention.

Brief Description of the Drawings

These and/or other aspects and advantages of the invention will become apparent and
more readily appreciated from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:

FIG. 1 is a block diagram illustrating a system for saving digital content classified by
person-based clustering according to an embodiment of the present invention;

FIG. 2 is a view illustrating a database schema in a system for saving digital content
classified by person-based clustering according to an embodiment of the present
invention;

FIG. 3 is an exemplary view illustrating a data structure in a system for saving digital
content classified by person-based clustering according to an embodiment of the
present invention;

FIG. 4 is a block diagram illustrating the construction of a face recognition unit in a
system for saving digital content classified by person-based clustering according to an
embodiment of the present invention;

FIG. 5 is a block diagram illustrating the construction of a cluster classification unit
in a system for saving digital content classified by person-based clustering according to
an embodiment of the present invention;

FIGS. 6 to 9 are views illustrating examples of cluster grouping performed by a
cluster transform unit in a system for saving digital content classified by person-based
clustering according to an embodiment of the present invention;

FIG. 10 is a block diagram illustrating the construction of a data structure update unit
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in a system for saving digital content classified by person-based clustering according to

an embodiment of the present invention;
FIG. 11 is a view explaining flag setting performed by a flag setting unit in a system

for saving digital content classified by person-based clustering according to an em-
bodiment of the present invention;

FIGS. 12 to 15 are views explaining processes of updating a data structure performed
by a data structure application unit in a system for saving digital content classified by
person-based clustering according to an embodiment of the present invention;

FIG. 16 is a flowchart illustrating a method of saving digital content classified by
person-based clustering according to an embodiment of the present invention; and

FIG. 17 is a flowchart illustrating a method of updating a data structure in a method
of saving digital content classified by person-based clustering according to an em-

bodiment of the present invention.

Mode for the Invention

Reference will now be made in detail to the present embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout. The embodiments are
described below in order to explain the present invention by referring to the figures.

Aspects of the present invention will be described herein with reference to the ac-
companying drawings illustrating block diagrams and flowcharts for explaining a
system and method of saving digital content classified by person-based clustering
according to embodiments of the present invention. It will be understood that each
block of the flowchart illustrations, and combinations of blocks in the flowchart illus-
trations, can be implemented by computer program instructions. These computer
program instructions can be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data processing apparatus to produce
a machine, such that the instructions, which execute via the processor of the computer
or other programmable data processing apparatus, implement the functions specified in
the flowchart block or blocks.

These computer program instructions may also be stored in a computer usable or
computer-readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instructions
stored in the computer usable or computer-readable memory implement the function
specified in the flowchart block or blocks. The computer program instructions may
also be loaded onto a computer or other programmable data processing apparatus to
cause a series of operations to be performed on the computer or other programmable

apparatus to produce a computer implemented process such that the instructions that
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execute on the computer or other programmable apparatus operations to implement the
functions specified in the flowchart block or blocks.

Each block of the flowchart illustrations may represent a module, segment, or portion
of code, which comprises one or more executable instructions to implement the
specified logical function(s). In some alternative implementations, the functions noted
in the blocks may occur out of order. For example, two blocks shown in succession
may in fact be executed substantially concurrently or the blocks may sometimes be
executed in reverse order, depending upon the functionality involved.

According to aspects of the present invention, the term “unit”, as used herein, may be
implemented as a kind of module. The term “module” refers to, but is not limited to, a
software or hardware component, such as a Field Programmable Gate Array (FPGA)
or Application Specific Integrated Circuit (ASIC), which performs certain tasks. A
module may advantageously be configured to reside on the addressable storage
medium and configured to execute on one or more processors. Thus, a module may
include, by way of example, components, such as software components, object-
oriented software components, class components and task components, processes,
functions, attributes, procedures, subroutines, segments of program code, drivers,
firmware, microcode, circuitry, data, databases, data structures, tables, arrays, and
variables. The functionality provided for in the components and modules may be
combined into fewer components and modules or further separated into additional
components and modules.

FIG. 1 shows a system 100 for saving digital content classified by person-based
clustering according to an embodiment of the present invention. FIG. 2 shows a
database schema in the system 100, according to an embodiment of the present
invention. FIG. 3 shows a data structure in the system 100, according to an em-
bodiment of the present invention. FIG. 4 shows a face recognition unit 130 in the
system 100, according to an embodiment of the present invention. FIG. 5 shows a
cluster classification unit 150 in the system 100, according to an embodiment of the
present invention. As shown in FIG. 1, the system 100 includes a data structure
generation unit 120, the face recognition unit 130, the cluster classification unit 150, a
data structure update unit 170, a database 180, and a content browsing unit 190.

The content browsing unit 190 shows information about a plurality of digital content
classified by person-based clustering, which are saved in the database 180, so that a
user can see the digital content. The user can browse the saved digital content by
person-based clustering while the user views the digital content information on a
display (not shown).

The database 180 saves a plurality of digital content. Digital content indicates content

that includes a person’s images, such as photos, moving images, and so forth. The
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database 180 can save the digital content classified by person-based clustering. For
example, the digital content may include photos. In order to save photos by person-
based clustering, a schema as shown in FIG. 2 may be applied. Although described
herein with respect to photos and faces, aspects of the present invention may also be
applied to other types of content that may or may not include faces, such as motion
pictures, movies, or text.

The schema, which may be applied to save photos classified by person-based
clustering, may include a photo information table 123 for saving the photo, a person in-
formation table 125 for saving person information, and a face information table 127 for
saving face information. The photo information table 123 saves a photo identifier
PhotolD as a primary key for properly classifying the content, and also saves content-
related information, such as a file name of the content. The person information table
125 saves a person identifier PersonID as a primary key for properly classifying the
person, and also saves person-related information, such as a name of the person. The
face information table 127, which is a table for saving characters, content, and parts of
the content in which the characters appear, saves a face identifier FacelD as a primary
key for properly classifying respective faces, primary keys of the photo information
table and the person information table as foreign keys in order to classify the persons
and the content in which the faces appear, and face-related information, such as
locations of the content where the faces appear. In each face identifier FacelD, a face
descriptor may be included as a quantitative value of the corresponding face. The
schema may be applied in order to save the content classified by person-based
clustering in the database. A similar schema may be used to classify motion picture
content, as motion picture content can be seen as a series of still images.

Referring again to FIG. 1, the data structure generation unit 120 generates a data
structure using a plurality of digital content provided from the database. The data
structure generation unit 120 can generate the data structure classified by person-based
clustering through the use of the schema.

As shown in FIG. 3, a data structure classified by person-based clustering is shown
with respect to the plurality of digital content saved in the database by the data
structure generation unit 120. For example, when using a data structure of a two-
dimensional (2D) linked list, person nodes 315 are generated and linked by person-
based clustering, and face nodes 325 classified as the corresponding person are
generated and linked to the respective person node. The data structure generation unit
120 generates the linked list using the schema of the database classified by person-
based clustering.

Referring again to FIG. 1, the face recognition unit 130 recognizes a face in an image

of newly input digital content. The face recognition unit 130 recognizes a person in the
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image included in the new digital content and extracts a face extractor to classify the
content by person-based clustering from the recognized person. General face
recognition techniques may be divided into a technique of pre-registering a reference
face and matching a given face to the most similar reference face, and a clustering
technique for grouping similar faces when a reference face is not registered.

According to one embodiment of the present invention, the digital content may be
classified by persons through a cluster grouping that is estimated as the same person by
a clustering technique. Face recognition techniques are described in detail in Korean
Unexamined Patent Publication Nos. 2005-0013467, 2006-0008814, and
2007-0047063. Other face recognition and clustering techniques may be employed as
well.

Referring to FIG. 4, the face recognition unit 130 includes a face extraction unit 210,
a face normalization unit 220, a feature point extraction unit 230, and a face descriptor
computation unit 240. The face extraction unit 210 extracts a face region by extracting
a face and constituent element of the face from an image included in the digital
content. The face extraction unit 210 detects a rough face from the image, extracts
eyes, a nose, a mouth, and so forth, which are specified constituent elements of the
face, and then extracts the face region based on the extracted face constituent elements.
For example, a process of cutting the face region from the input image based on the
distance between the two eyes, as a pre-process for face recognition, can minimize the
influence of the background of the image, the change of the hair style of the person,
and so forth.

The face normalization unit 220 normalizes the size of the face region using the
extracted face region information. By normalizing the size of the face region, specified
personal appearance of the face region, such as the distance between two eyes, the
distance between an eye and a nose, and so forth, can be maintained.

The feature point extraction unit 230 extracts feature points, such as eyes, from the
normalized face region. The feature points may be selected as points on the face region
that enlarge the difference between images of different input faces, through ex-
periments for a plurality of persons. For example, when applying a Gabor filter to the
selected feature points, the feature points that improve the face recognition capability
may be selected by making results of filter application with respect to the face images
differ clearly.

The face descriptor computation unit 240 computes a face descriptor using the
extracted feature points. The face descriptor can be computed by selecting and using
PCA (Principal Component Analysis), LDA (Linear Discriminant Analysis), and so
forth, adopted by the MPEG-7 standard. The face descriptor is a measured value for

the face extracted from the image included in the digital content through the use of the
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extracted feature points, for example, a feature vector, a feature matrix, and so forth.
The computation of the face descriptor is described in detail in Korean Unexamined
Patent Publication Nos. 2005-0013467, 2006-0008814, and 2007-0047063 as
described above. The face descriptor may also be computed by a general technique of
recognizing a face through extraction of the feature points from the face image, or by
other techniques.

As shown in FIG. 5, the cluster classification unit 150 classifies the digital content by
persons through a cluster grouping. The cluster classification unit 150 includes a face
descriptor distance comparison unit 310 and a cluster transform unit 320.

The face descriptor distance comparison unit 310 compares the distances between
face descriptors of faces computed by the face recognition unit 130. For example,
when representing the face descriptor in the form of a feature vector or a feature
matrix, the face descriptor, such as the feature vector or the feature matrix, of an image
included in the digital content previously saved in the database can be computed
through the same process. Accordingly, if the faces are recognized to be similar to each
other, the distance between the feature vectors or feature matrices, which are rep-
resented in space or dimensions, becomes below the threshold value. The face de-
scriptor distance comparison unit 310 computes the distance between the face de-
scriptors and determines whether the distance is below the threshold value. The
threshold value corresponds to the maximum value of the distance differences between
the face descriptors computed from the face images which are determined to
correspond to the same person, and can be selected through an analysis or simulation
process.

The cluster transform unit 320 classifies the digital content by clusters using the
distance information of the face descriptors. The classification by clusters is performed
in a manner that the face image having the face descriptor in a specified range is de-
termined as the same cluster, i.e., the same person.

FIGS. 6 to 9 show examples of cluster grouping performed by a cluster transform
unit in a system for saving digital content classified by person-based clustering
according to an embodiment of the present invention. The term “cluster grouping”
refers to a process of generating, extending, or combining the clusters that represent
the range where the face images are judged to correspond to the same person.

In the example shown in FIG. 6, a new face is added to a collection of previously
registered faces. The faces may be considered as points in a vector space. If the
distance between the points is smaller than a threshold value, the new face can be
considered to correspond to the same person. If no previously registered face exists
within the threshold distance of the newly added face, as shown in FIG. 6, the newly

registered face remains in an unclassified state.
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As shown in FIG. 7, if the distance between the face descriptor of the face included
in the newly added digital content and the face descriptor previously registered as an
unclassified face is within the threshold distance, then a new cluster 500 is generated.
Due to the generation of the new cluster, the face previously registered as an un-
classified face and the face included in the newly added digital content are estimated to
correspond to the same person, and thus the digital content is classified accordingly. In
this case, the face of the newly added content may have correlation information with
the newly generated cluster, and the faces previously registered as unclassified faces
may be updated to be correlated with the newly generated cluster.

In the example shown in FIG. 8, the distance between the face descriptor of the face
of the newly added digital content and the face descriptor of the neighboring person (i)
classified as an unclassified or specified person may be below the threshold value. In
this case, the face of the newly added digital content, as well as the faces of other un-
classified digital content, may be classified as the same person as the person (i) to
extend the cluster 500.

In the example shown in FIG. 9, a recognized face of new digital content is located
between a person (i) and a person (j) classified as different persons in two clusters 470
and 480 for the person (1) and the person (j), respectively. If the distance between a
distance descriptor of the recognized face of the new digital content and a distance de-
scriptor of the person (i) or the person (j) is below the threshold value, the person (i),
the person (j), and the recognized face of the new digital content are classified as the
same person. By inputting the recognized face of the new digital content, the existing
clusters are combined to extend the cluster 500.

As described above, the cluster classification unit 150 can generate, extend, and
combine the cluster 500 through cluster grouping. The face of the newly added digital
content and the face previously saved in the database can be classified by person
through the cluster grouping that is performed by the cluster classification unit 150. In
addition, the cluster grouping can be applied in the case of adding and deleting the
digital content. When deleting the digital content, the cluster grouping can be
performed in an opposite manner to that as shown in FIGS. 6 to 9.

FIG. 10 shows the data structure update unit 170 in the system 100, according to an
embodiment of the present invention. The data structure update unit 170 updates the
data structure of the digital content classified by person through the cluster classi-
fication unit 150. The data structure update unit 170 introduces flags to apply the
cluster transform, such as cluster generation, deletion, or combination, which is
performed by the cluster classification unit 150, to the data structure. The data
structure update unit 170 includes a flag setting unit 410 and a data structure ap-

plication unit 420.
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The flag setting unit 410 sets flags of nodes that arrange the digital content. The flags
are information that reflect the change of the nodes generated according to the cluster
grouping by persons classified by the cluster classification unit 150. The flag setting
unit 410 may save the flags in a separate storage device or temporarily in a memory.
The data structure application unit 420 automatically updates the data structure
according to the set flag.

FIG. 11 shows flag setting performed by the flag setting unit 410 in the system 100,
according to an embodiment of the present invention. FIGS. 12 to 15 show processes
of updating a data structure performed by a data structure application unit in the system
100, according to an embodiment of the present invention.

For example, the digital content may include photos and have a data structure
classified by persons as shown in FIG. 3. The flag may be set to “Modified”, “Added”,
or “None”, and diverse flags may be used by a designer or a user. All nodes may have
an initial state where the flag is set to “None”.

As shown in FIG. 11, if the “Face3-3" that is a new photo to be saved in the database
is judged to correspond to “Person3” by the face recognition unit 130 and the cluster
classification unit 150, the “Face3-3" node 1120 is added to the “Person3” node 1100.
Accordingly, the flag 1170 in the “Person3” node 1100 is set to “Modified”, and the
flag 1170 in the “Face3-3” node 1120 is set to “Added”. The respective node may
include an information table 1150 for saving correlation information. The flag 1170
may be saved in the information table 1150 or a separate storage device.

FIG. 12 shows the addition of a new “Face” node 1220. If a new face is added as
shown in FIG. 6, but is not judged to be a specified person, the new face may be added
to the “Face” node 1220 that is a lower node of the “Unclassified” node 1200. Ac-
cordingly, the flag setting unit 410 sets the flag 1170 in the “Unclassified” node 1200
to “Modified”, and the flag in the “Face” node 1220 to “Added”. The data structure ap-
plication unit 420 updates the data structure according to the set flag 1170 as illustrated
in FIG. 12.

FIG. 13 shows the generation of the new cluster 500 and the addition of a new
“Person” node 1300 is added as shown in FIG. 7. As the new cluster 500 is generated,
the “Face” nodes 1310, 1320, 1330, and 1220, which are classified as the same person,
are arranged in the new “Person” node 1300. Accordingly, the flag setting unit 410 sets
the flag in “Person” node 1300 to “Added”, the flags in the “Person” nodes 1310,
1320, and 1330 that are lower nodes of the existing “Unclassified” node 1200 to
“Modified”, and the flag in the new “Face” node 1220 to “Added”, respectively. The
data structure setting unit 420 adds the “Face” nodes 1310, 1320, and 1330 to the new
“Person” node 1300 as the data structure setting unit 420 deletes the "Face" nodes
1310, 1320, and 1330 from the “Unclassified” node 1200, according to the set flag.
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Accordingly, the flag setting according to the generation of the new cluster 500 and the
update of the data structure through the data structure application unit 420 can be
performed. Boxes in FIG. 13 indicated by dotted lines refer to boxes that are moved to
other locations with the deletion of the nodes.

FIG. 14 shows the flag setting and the update of the data structure performed in the
event that the cluster is extended as shown in FIG. 8. As a new photo is added, faces of
other photos that remain unclassified are classified as the same person. The “Face”
nodes 1410 and 1320 of the “Unclassified” node 1200 are modified into lower nodes
1410 and 1320 of the “Person3” node 1400, and the “Face” node 1220 of a new photo
is added to the “Person3” node 1400. The flag of the “Person3” node 1400 is set to
“Modified”, the flags of the “Face” nodes 1410 and 1320 that are lower nodes of the
“Person3” node 1400 are set to “Modified”, and the flag of the new “Face” node 1220
is set to “Added”. The data structure can be updated according to the set flag. Boxes in
FIG. 14 indicated by dotted lines refer to boxes that are moved to other locations with
the deletion of the nodes.

FIG. 15 shows the flag setting and the update of the data structure being performed in
the event that the clusters are combined as shown in FIG. 9. In this case, as a new
photo is added, two persons judged as different persons are combined due to the
addition of the new face. For example, if “Person2” and “Person3” are determined to
be the same person, two face nodes 1510 and 1520 linked to the “Person2” node 1500
are linked to the “Person3” node 1400. In addition, the new “Face” node 1220 of the
new photo is also added to the “Person3" node 1400.

The flag setting unit 410 sets the flags of the “Person3” node 1400 and “Face” nodes
1510 and 1520 to “Modified” according to the cluster combination, and sets the flag of
the new “Face” node 1220 to “Added”. The data structure can be updated according to
the set flag. Boxes indicated by dotted lines refer to boxes that are moved to other
locations with the deletion of the nodes.

As described above, the face recognition unit 130 extracts a face descriptor from new
content inputted thereto, and the cluster classification unit 150 classifies the digital
content by persons through the cluster grouping. The data structure of the digital
content classified by person-based clustering can be efficiently updated through the
flag setting of the classified digital content. By updating only the changed part of the
data structure and saving the updated part of the data structure in the database, the
details of the change according to the cluster grouping can be efficiently reflected in
the database.

The flag is described as set in the node. However, according to other aspects of the
present invention, the set flags may also be saved in the face and person information

tables or in a predefined storage device.



12

WO 2009/014323 PCT/KR2008/003690

[65]

[66]

[67]

[68]

[69]

As described above, in an embodiment of the present invention, a plurality of digital
content is classified by person-based clustering, and thus a user can easily retrieve and
browse the digital content. By variably classifying the digital content by persons
through the generation, extension, or combination of the clusters, the classification of
the digital content can be performed even without a reference image. In addition, even
if digital content is newly added or deleted by the flag setting, such addition or deletion
of the digital content can be efficiently reflected in the database.

FIG. 16 shows a process of saving digital content classified by person-based
clustering according to an embodiment of the present invention. Using a plurality of
digital content saved in a database, a data structure in which faces are arranged by
persons is generated at operation S1600. For example, the generated data structure may
be a two-dimensional (2D) linked list. Using a schema saved in the database, the data
structure for the plurality of digital content previously classified by person-based
clustering is generated. The schema may include a content (photo) information table, a
person information table, and a face information table.

A face descriptor is extracted from a face image included in new digital content to be
saved in the database at operation S1610. In order to extract the face descriptor from
the face image included in the new digital content, a face is extracted from the face
image included in the new digital content, and feature points are extracted from the
extracted face to compute the face descriptor. The face descriptor may be a feature
vector.

The new digital content and the plurality of digital content saved in the database are
classified by person through a cluster grouping at operation S1620. In order to
determine whether the face images are within a range where the face images are
considered to correspond to the same person, whether the face descriptors are located
within the same cluster range is determined through comparison of distances between
the face descriptors. The cluster can be generated, extended, or combined through the
cluster grouping. As described above, even where new digital content is added through
the cluster grouping or the existing digital content is deleted, the digital content can be
classified by person-based clustering.

After the classification of the digital content by person-based clustering, the data
structure can be updated by setting flags at operation S1630. For example, if the
generated data structure is the 2D linked list, a flag is set to indicate that the location of
the node is changed or that a node is newly added through the cluster grouping. The
flag may have, for example, one value of “Added”, “Modified”, or “None”. The
generated data structure is updated according to the set flag. As the data structure is
updated, a new node may be generated or the location of the existing node may be

changed.
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After the data structure is updated, the digital content is updated and saved in the
database according to the updated data structure at operation S1640. The update and
saving of the digital content in the database can be performed through the update of the
schema of the database. Accordingly, using the updated schema, the saved digital
content can be easily browsed and retrieved by persons.

As described above, when adding or deleting digital content, the digital content can
be classified by person-based clustering, and such classification of the digital content
can be efficiently reflected in the database. In addition, the classification of the digital
content by person-based clustering can be automatically performed through the
generation, extension, or combination of the clusters.

FIG. 17 shows a updating a data structure in a process of saving digital content
classified by person-based clustering according to an embodiment of the present
invention. In one example, the digital content is a photo, and a 2D linked list for
linking face nodes based on person nodes as shown in FIG. 3 is generated as the data
structure. However, aspects of the present invention may also be applied to other types
of digital content, as discussed above.

In updating the data structure according to the flag setting, a first person node is
selected from the linked list at operation S1700. Whether the flag of the first person
node is set to “Added” or “Modified” is determined at operation S1710. If the flag is
not set to “Added”, whether the flag is set to “Modified” is determined at S1720. If the
flag is not set to “Modified”, whether the present person node is the last person node is
determined at operation S1760. If the present person node is not the last person node,
the next person node is selected at operation S1770.

If the flag is set to “Added”, this indicates that a new person is registered, and thus a
person node is added at operation S1730. If the flag is not set to “Added” but is set to
“Modified”, a face node is selected under the corresponding person node at operation
S1740. The flag setting is determined as the face node is scanned, and the face node is
modified or added according to the set flag at operation S1750. If the scanning of the
face nodes is completed, whether the present person node is the last person node is de-
termined at operation S1760, and if the present person node is the last person node, the
update of the data structure ends.

Accordingly, in the linked list data structure, the data structure is updated according
to the flag setting, and the details of the change are reflected in the database. Ac-
cordingly, the digital content saved in the database can be classified by person-based
clustering and efficiently managed.

Although a few embodiments of the present invention have been shown and
described, it would be appreciated by those skilled in the art that changes may be made

in this embodiment without departing from the principles and spirit of the invention,
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the scope of which is defined in the claims and their equivalents.
Industrial Applicability

According to aspects of the present invention, in a variable environment where
digital content is added or deleted, the digital content can be classified by person-based
clustering, and the classified digital content can be efficiently reflected in the database.
In addition, since a plurality of digital content is classified by person-based clustering
in the environment where the digital content is added or deleted, a user can easily
retrieve and browse the digital content. Further, since the digital content is variably
classified by person-based clustering through generation, extension, or combination of
clusters, the classification of the digital content by person-based clustering can be

performed even without a reference image.
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Claims

A system for saving digital content classified by person-based clustering,
comprising:

a database to save a plurality of digital content classified by person-based
clustering;

a data structure generation unit to generate a data structure including a plurality
of nodes using the plurality of digital content;

a face recognition unit to extract a face descriptor of new digital content to be
saved in the database;

a cluster classification unit to classify the new digital content and the plurality of
digital content by the person-based clustering using the extracted face descriptor;
and

a data structure update unit to update the data structure according to the classi-
fication.

The system of claim 1, wherein the face recognition unit comprises:

a face extraction unit to extract a face region from an image of a person in the
new digital content; and

a feature point extraction unit to extract feature points from the extracted face
region.

The system of claim 1, wherein the face descriptor is a feature vector extracted
from an image of a person in the digital content.

The system of claim 3, wherein the cluster classification unit classifies the new
digital content and the plurality of digital content by the person-based clustering
through comparison of feature vector distances using the feature vectors.

The system of claim 1, wherein the cluster classification unit classifies the digital
content using cluster generation, cluster extension, or cluster combination.

The system of claim 1, wherein the data structure is a two-dimensional linked list
data structure that comprises person nodes linked together by persons and face
nodes linked to the person nodes to save face information of the digital content
that is determined to be the same face.

The system of claim 1, wherein the data structure update unit updates the data
structure of the new digital content and the plurality of the digital content by
setting flags of person nodes and face nodes.

The system of claim 7, wherein the flag has a value of “Added”, “Modified”, or
“None”.

The system of claim 1, wherein the database saves the new digital content and

the plurality of digital content according to a database schema that includes a
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content information table, a person information table, and a face information
table.

The system of claim 1, wherein the database updates and saves the new digital
content and the plurality of digital content by reflecting the updated data
structure.

A system for saving digital content classified by person-based clustering,
comprising:

a data structure generation unit to generate a data structure including a plurality
of nodes using a plurality of digital content;

a cluster classification unit to classify the remaining digital content by the
person-based clustering using a face descriptor if a part of the plurality of digital
content is deleted;

a data structure update unit to update the data structure according to the classi-
fication; and

a database to update and save the remaining digital content by reflecting the
updated data structure.

The system of claim 11, wherein the data structure update unit updates the data
structure of the new digital content and the plurality of the digital content by
setting flags of person nodes and face nodes.

The system of claim 12, wherein the flag has a value of “Added”, “Modified”, or
“None”.

The system of claim 11, wherein the database saves the remaining digital content
according to a database schema that is provided with a content information table,
a person information table, and a face information table.

A method of saving digital content classified by person-based clustering,
comprising:

generating a data structure composed of a plurality of nodes using a schema of a
database that stores a plurality of digital content;

extracting a face descriptor of new digital content to be saved in the database;
classifying the new digital content and the plurality of digital content by the
person-based clustering using the extracted face descriptor; and

updating the data structure according to the classification.

The method of claim 15, wherein the schema comprises a content information
table, a person information table, and a face information table.

The method of claim 15, further comprising updating and saving the new digital
content and the plurality of digital content in the database by reflecting the
updated data structure.

The method of claim 15, wherein the extracting comprises:
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extracting a face region from the new digital content; and

computing a feature vector by extracting feature points from the extracted face
region;

wherein the classifying comprises determining whether the face descriptor is
within a cluster range through comparison of distances between the computed
feature vector and feature vectors of faces included in the plurality of digital
content using the computed feature vector.

The method of claim 15, wherein the classifying comprises classifying the digital
content by cluster generation, cluster extension, or cluster combination.

The method of claim 15, wherein the updating comprises updating the data
structure of the new digital content and the plurality of the digital content by
setting flags of person nodes and face nodes.

The method of claim 20, wherein the flag has one value of “Added”, “Modified”,
and “None”.

A computer readable recording medium recorded with computer-readable in-
structions to cause a computer to execute the method of claim 15.

A method of saving digital content classified by person-based clustering,
comprising:

generating a data structure including a plurality of nodes using a plurality of
digital content;

classifying the remaining digital content by the person-based clustering using a
face descriptor if a part of the plurality of digital content is deleted;

updating the data structure according to the classification; and

updating and saving the remaining digital content in a database by reflecting the
updated data structure.

The method of claim 23, wherein the classifying comprises classifying the
remaining digital content by cluster generation, cluster extension, or cluster com-
bination.

The method of claim 23, wherein the updating comprises updating the data
structure of the remaining digital content by setting flags of person nodes and
face nodes.

A multimedia device to automatically and efficiently classify content stored
therein, comprising:

a storage unit to store a plurality of digital content;

a data structure generation unit to generate a data structure having a plurality of
nodes, based on the content stored in the storage unit;

an extraction unit to extract a descriptor of the new digital content to be stored in

the storage unit;
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a cluster classification unit to classify the new digital content and the plurality of
digital content using a clustering scheme and the extracted descriptor; and

a data structure update unit to update the data structure based on the classi-
fication.

The multimedia device of claim 26, wherein the cluster classification reclassifies
the plurality of digital content when digital content is deleted from the storage
unit.

The multimedia device of claim 26, wherein the data structure update unit only
updates changed portions of the data structure.

The multimedia device of claim 26, wherein the cluster classification unit
variably classifies the new digital content without using a reference value.

The multimedia device of claim 29, wherein the reference value is a reference
image.

The multimedia device of claim 26, wherein the cluster classification unit
classifies the plurality of digital content into clusters, determines a distance
between the descriptor and each of the clusters, and classifies the new digital
content based on the distance.

The multimedia device of claim 31, wherein the cluster classification unit
classifies the new digital content as part of a cluster if the descriptor is within a
predetermined distance from the cluster, and classifies the new digital content as
unclassified if the descriptor is not within the predetermined distance from any of
the clusters.

The multimedia device of claim 31, wherein, if the descriptor is within a prede-
termined distance from one or more unclassified descriptors corresponding to
one or more of the plurality of digital content, the cluster classification unit
generates a new cluster including the new digital content and the one or more of
the plurality of digital content corresponding to the unclassified descriptors.

The multimedia device of claim 31, wherein, if the descriptor is within a prede-
termined distance from a cluster and within a predetermined distance from one or
more unclassified descriptors corresponding to one or more of the plurality of
digital content, the cluster classification unit classifies the new digital content
and the one or more of the plurality of digital content corresponding to the un-
classified descriptors as part of the cluster.

The multimedia device of claim 31, wherein, if the descriptor is within a prede-
termined distance from two or more clusters, the cluster classification unit
combines the two clusters into a single cluster and classifies the new digital

content as part of the single cluster.
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