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Visual Semantic Complex Network and Method for Forming Network

Technical Field

[0001] The present application refers to a visual semantic complex network system

and a method for generating the system.

Background

[0002] The enormous and ever-growing amount of images on the web has inspired
many important applications related to web image search, browsing, and clustering. Such
applications aim to provide users with easier access to web images. An essential issue facing
all these tasks is how to model the relevance of images on the web. This problem is
particularly challenging due to the large diversity and complex structures of web images.
Most search engines rely on textual information to index web images and measure their
relevance. Such an approach has some well known drawbacks. Because of the ambiguous
nature of textual description, images indexed by the same keyword may come from irrelevant
concepts and exhibit large diversity on visual content. More importantly, some relevant
images under different keyword indices such as “palm pixi” and “apple iphone” fail to be
connected by this approach. Another approach estimates image relevance by comparing visual
features extracted from image contents. Various approximate nearest neighbor (ANN) search
algorithms (e.g. hashing) have been used to improve the search efficiency. However, such
visual features and ANN algorithms are only effective for images with very similar visual
content, i.e. near duplicate, and cannot find relevant images that have the same semantic
meaning but moderate difference in visual content.

[0003] Both of the above approaches only allow users to interact with the huge web
image collections at a microscopic level, i.e. exploring images within a very small local
region either in the textual or visual feature space, which limits the effective access of web
images. Although efforts have been made to manually organize portions of web images, it is

derived from a human-defined ontology that has inherent discrepancies with dynamic web
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images. It is also very expensive to scale.

Summary

[0004] The purpose of this application is to automatically discover and model the
visual and semantic structures of web image collections, study their properties at a
macroscopic level, and demonstrate the use of such structures and properties through concrete
applications. To this end, the present application proposes to model web image collections
using the Visual Semantic Complex Network (VSCN), an automatically generated graph
structure on which images that are relevant in both semantics and visual content are well
connected and organized.

[0005] It shall be noted that images on the web are not distributed randomly, but do
tend to form visually and semantically compact clusters. These image clusters can be used as
the elementary units for modeling the structures of web image collections. The represent
application automatically discovers image clusters with both semantic and visual consistency,
and treats them as nodes on the graph.

[0006] In the disclosures of the application, the discovered image clusters is called as
semantic concepts, and are associated them with visual and textual descriptors. The semantic
concepts are connected with edges based on their visual and semantic correlations. The
semantic concepts and their correlations bring structures to web images and allow more
accurate modeling of image relevance.

[0007] It will be a better understanding of web image collections at a macroscopic
level by studying the structural properties of the VSCN from the perspective of complex
network. The present application explores a few of them, including small-world behavior,
concept community, hub structures, and isolated concepts, and reveal some interesting
findings. Such properties provide valuable information that opens doors for many important
applications such as text or content-based web image retrieval, web image browsing,
discovering popular web image topics, and defining image similarities based on structural
information.

[0008] The application is proposed to address two applications: content-based image

retrieval (CBIR) and image browsing. For web-scale CBIR, existing approaches typically



WO 2015/078022 PCT/CN2013/088258

match images with visual features and ANN search algorithms (e.g. hashing). These
algorithms often lead only to a small portion of images highly similar to the query (near
duplicate). In this work, these detected images are connected to other relevant images that
form community structures on the VSCN. Therefore, many more relevant images can be
found by exploiting the structural information provided by the VSCN. In the second
application, a novel visualization scheme is proposed for web image browsing. Users can
explore the web image collections by navigating the VSCN without being limited by query
keywords.

[0009] In one aspect, the present application provides a visual semantic complex
network system for Web Images, comprising:

a collection device configured to retrieve a plurality of images and a plurality of texts
associated with the images in accordance with given query keywords;

a semantic concept determination device configured to determine semantic concepts and
representative images of the retrieved texts and retrieved images , respectively;

a descriptor generation device configured to, from the determined semantic concepts and
representative images, generate text descriptors and visual descriptors; and

a correlation device configured to determine semantic correlations and visual
correlations from the generated text and visual descriptors, respectively, and to combine the
determined semantic correlations and the determined visual correlations to generate the visual

semantic complex network system.

[0010] In another aspect, the present application provides a method for forming a
visual semantic complex network system for Web images, comprising;:

retrieving a plurality of images and a plurality of texts associated with the images in
accordance with given query keywords;

determining semantic concepts and representative images of the retrieved texts and
retrieved images , respectively;

generating, from the semantic concepts and representative images, text descriptors and
visual descriptors; and

determining semantic correlations and visual correlations from the generated text

3



WO 2015/078022 PCT/CN2013/088258

descriptor and the generated visual descriptor, respectively,
combining the semantic correlations and visual correlations to generate the visual

semantic complex network system.

[0011] The above method may be carried out by one or more processor in the

computer.

[0012] In another aspect, the present application provides a computer readable storage
media comprising:

instructions for retrieving a plurality of images and a plurality of texts associated with
the images in accordance with given query keywords;

instructions for determining semantic concepts and representative images of the retrieved
texts and retrieved images, respectively;

instructions for generating, from the semantic concepts and representative images, text
descriptors and visual descriptors; and

instructions for determining semantic correlations and visual correlations from the
generated text descriptor and the generated visual descriptor, respectively,

instructions for combining the semantic correlations and visual correlations to generate

the visual semantic complex network system.

[0013] In another aspect, the present application provides a method for searching

images with the visual semantic complex network system, comprising;:

obtaining a list of images according to a given query image;

determining a group of related concept communities from the obtained list;

determining a group of related semantic concepts from the communities;

gathering, from the determined related semantic concepts, images of a top plurality of
concepts; and

forming a re-ranking pool of the gathered images, which are matched with the query

image.
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[0014]  Accordingly, a computer readable storage media is provided and comprises:
instructions for obtaining a list of images according to a given query image;
instructions for determining a group of related concept communities from the obtained
list;

instructions for determining a group of related semantic concepts from the
communities;

instructions for gathering, from the determined related semantic concepts, images of a
top plurality of concepts; and

instructions for forming a re-ranking pool of the gathered images, which are matched

with the query image.

[0015] In another aspect, the present application further provides a method for
browsing images with semantic concepts. The semantic concepts may be generated in the
visual semantic complex network system for Web Images as mentioned in the above. The
method may comprises:

entering a query keyword into a display system;

generating a plurality of semantic concepts based on same queries as the entered
keyword;

visualizing the generated semantic concepts in a query space of the display system;

switching the query space to a local concept space of the display unit in response to
selecting a concept selected from the query space, wherein on the local concept space the
selected concept together with its neighbor concepts is shown.

[0016] In addition, the method for browsing images may further comprises:

selecting a centric concept in the local concept space; and

switching back to the query space that the selected concept belongs to.

selecting another concept in the local concept space; and

switching to another local concept space where said another concept and its neighbor

concepts are shown.

[0017] The above method may be carried out by one or more processor in the

5
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computer.

Brief Description of Drawings

[0018] Fig. 1 illustrates a block view of the exemplary visual semantic complex
network system for Web Images according to one embodiment of the present application.

[0019] Fig. 2 is a flowchart of a method for generating semantic descriptors
according to one embodiment of the present application.

[0020] Fig. 3 is a flowchart of a method for generating visual descriptors according to
one embodiment of the present application.

[0021] Fig. 4 is a flowchart of a process for forming a visual semantic complex
network system for Web images according to an embodiment of the present application;

[0022] Fig. 5 (a)-(f) is illustrates a block view of how to search images with the visual
semantic complex network system according to an embodiment of the present application

[0023] Fig. 6 is a flowchart of a method for searching images with the visual

semantic complex network system according to an embodiment of the present application.

Detailed Description

[0024] Embodiments of the present application can solve a problem of wasting
storage resources or depicting inaccurately during document rendering. Thus, a technical
effect of reducing storage space while improving rendering accuracy can be achieved.

[0025] Fig. 1 illustrates a block view of the exemplary visual semantic complex
network system 100 for Web Images according to one embodiment of the present application.
As shown in Fig. 1, the system 100 comprises a collection device 10, a semantic concept
determination device 20, a descriptor generation device 30 and a correlation device 40.

[0026] The collection device 10 is configured to retrieve a plurality of images and
texts in accordance with given query keywords. In embodiments of the application, it starts
with a plurality of top query keywords of a search engine, and then automatically discovers a

larger number of (semantic concepts that are compact image clusters with visual and semantic
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consistency. In one instance, take Bing image search engine as example, if there is for
example, 2,000 keywords of the search engine, there will be about 33,240 semantic concepts
to be discovered.

[0027] The semantic concept determination device 20 is configured to determine
semantic concepts and representative images of the retrieved texts and retrieved images. In
one embodiment of the present application, the semantic concept determination device 20
learns the semantic concepts by discovering keywords that occur frequently in visually similar
images. These discovered keywords correlate well with the image content and therefore leads

to descriptive concepts. To be specific, for every query g, e.g. “apple”, we submit ¢ to an

: : : : : . | . T

image search engine. With the retrieved collection of images ~ ¢ and surrounding texts ¢,
their relevant semantic concepts, such as “apple fruit” and “apple iphone”, can be
automatically discovered. Such concepts have more specific semantic meanings and less

visual diversity, and can be viewed as elementary units of web image collections. The learned

M‘Z
concepts under query keyword ¢ are denoted as G =tetd . The concepts were learned
from different queries form the nodes of the VSCN 100.

[0028] The following is a summarized process of the concept discovery.

Algorithm 1 Concept Diseovary through Quary Expansion
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[0029] The descriptors generation device 30 is configured to, from the retrieved
images, the retrieved texts and elementary units, generate a text descriptor and a visual

descriptor for the determined semantic concepts. As the number of concepts is very large
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(for example, 33,240 in the embodiment, and potentially even larger if we expand the VSCN),
two efficient methods to compute semantic and visual correlations will be described below.

[0030] In particular, the descriptor generation device 30 comprises a text descriptor
generation unit 301 and a visual descriptor generation unit 302,

[0031] In one embodiment, the text descriptor generation unit 301 operates to collect
the text snippets corresponding to the semantic concepts, compute/determine the term
frequency (TF) vector of the collected snippets to keep a first plurality of terms in the vector
with the highest term frequency (that is, the other terms in the vector will be cancelled), and
thus the computed the term frequency vector is truncated. And then the text descriptor
generation unit 301 operates to normalize the truncated vectors and determine the semantic

correlation from the truncated vectors. For example, the text descriptor generation unit 301

operates to L, -normalize the truncated vectors.

[0032] To be specific, for each concept ¢ € C, the text descriptor generation unit 301

may operate to carry out the following steps as shown in Fig. 2. At step s201, the text

descriptor generation unit 301 utilizes “% asa query input on the web search (for example,

Google web search), and collect the top K (for example, K=50) searched snippets, denoted as
S(Ci). At step s202, the text descriptor generation unit 301 computes/determines the term

frequency (TF) vector of §(e) and keeps, for example, the top M ( for example, K=100)
terms with highest TFs, that is, the TF vector is truncated. At step s203, the text descriptor

generation unit 301 normalizes the truncated vector to form text descriptor.

[0033] The visual descriptor generation unit 302 is configured to encode each of the
retrieved images by a hashing function # so as to generate a binary vector for each retrieved
image, accumulate the generate binary vectors and quantize the accumulated vector back to
binary vector such that a visual correlation (visual descriptor) between each two of the
concept will be formed from the quantized binary vector.

[0034] To be specific, the visual descriptor generation unit 302 may operate to carry

out the following steps as shown in Fig. 3. At step S301, for a concept < C, its exemplar
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Lel, is encoded in an M-dimensional binary vector H(l}) using an

image set by Ifi.
M-bit base hashing function # (Here we represent each bit with 1), At step S302, the

visual descriptor generation unit 302 operates to accumulate the binary vectors as

A= ZH(Ik). At step 303, the visual descriptor generation unit 302 operates to quantize the

accumulated vectors back to binary wvector, which is donated as wvisual
descriptor simhash(c,) = sign( A) '

[0035] The correlation device 40 is configured to determine the semantic correlation
from the generated text and visual descriptor so as to combine the semantic correlation and
visual correlation to generate a K -nearest-neighbor (K -NN) graph network system.

[0036] The semantic correlation may be determined by using the conventional means.

S(x)

For example, for a short text X, a set of snippets is obtained from the web search. A

snippet is a short text summary generated by the search engine for each search result item

with query €. The text descriptor generation unit 301 collects the snippets of the top NV

search result items, which provide rich semantic context for *. And then the text descriptor

generation unit 301 operates to determine the similarity between two texts M and by

S(x,) S(x,)

computing the textual similarity between and using the term vector model and

cosine similarity.
[0037]  After the result vector nif (c,) as the text descriptors is determined as shown in

Fig.2, the correlation device 40 operates to determine the semantic correlation between G

¢

and by rule of:

S _Cor = Cosine(nif (c,),ntf (c;)). (1)

[0038] As to the visual correlation, it may be measured by the visual similarity
between their corresponding exemplar image sets. For each concept, its exemplar image set
consists of the top K ( for example, 300 ) images retrieved from the search engine by using the

concept as query keyword. This exemplar image set is further represented as a binary code by
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the conventional sim-hashing algorithm. This sim-hashing code can be viewed as a visual
signature of the original exemplar image set. The visual similarity between any pair of

exemplar image sets can then be approximated by the negative of hamming distance between

their sim-hashing codes. To be specific, once the visual descriptorsjmhas}l(ci) = sign(4) is

determined by unit 302 at step S303, the correlation device 40 operates to determine the

visual correlation between & and by rule of,
V' Cor=1 —LHamDist(simhash(ci), simhash(c,))
M - (@

[0039] And then, the correlation device 40 operates to combine the semantic

correlation and visual correlation by Cor=§ _cor+V _cor Finally, the system 100 build

the VSCN as a K -nearest-neighbor (K -NN) graph by connecting each node to its top K

neighbors with the largest correlations.

[0040] Hereinafter, the present application also proposes a process 400 for forming a
visual semantic complex network system for Web images. As shown in Fig. 4, in step S401,
the process retrieve a plurality of images and a plurality of texts associated with the images in
accordance with given query keywords.

[0041] In step S402, the process determines semantic concepts and representative
images of the retrieved texts and retrieved images..

[0042] In step S403, the process generates, from the determined semantic concepts
and representative image, text descriptors and visual descriptors for the determined semantic
concepts. The step S403 may comprise the step of determining semantic correlations and
visual correlations from the generated text descriptor and the generated visual descriptor as
discussed in reference to Figs. 2 and 3 above.

[0043] 1In step S404, the process determines semantic correlations and visual
correlations from the generated text descriptor and the generated visual descriptor,
respectively. Specifically, a semantic correlation between each two of the text concepts may
be generated by collecting a plurality of text snippets corresponding to the semantic concepts,
determining a term frequency vector of the collected snippets; truncating the computed vector

10
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such that a plurality of terms in the vector with the highest term frequency is maintained; and
normalizing the truncated vectors to generate said text descriptors, such that the visual
correlation between each two of the text concepts are generated from the quantized binary
vector. The visual correlation may be generated by encoding each of the retrieved images by a
hashing function so as to generate a binary vector for each retrieved image, accumulating the
generate binary vectors; quantizing the accumulated vector back to a binary vector as said
visual descriptor; and determining the visual correlation from the truncated vectors. The
generations of the semantic correlation and the visual correlation have been discussed in the
above, and thus the detailed descriptions thereof are omitted.

[0044] In step S405, the process 400 combines the semantic correlations and visual

correlations to generate the visual semantic complex network system.

[0045] As well known in the art, the complex networks have many important
properties, some of which are explored with the proposed VSCN 100. The study of these
properties not only yields a better understanding of web image collections at a macroscopic
level, but also provides valuable information that assists in important tasks including CBIR

and image browsing, as will be discussed later.

1) Small-World Behavior

[0046] The small-world behavior exists in many complex networks such as social
networks and the World Wide Web. It means that most nodes can be reached from the others
in a small number of hops. It is of great interest to study whether this phenomenon also exists
in our VSCN 100. The small-world behavior has important implications in some applications
such as image browsing by navigating the VSCN 100.

[0047] As the VSCN 100 is constructed locally, it is interesting to know how it is

globally connected. It finds that even for a small neighborhood size (K =3), there already

emerges a dominant connected component that includes more than half of the nodes on the

VSCN, as shown in Figure 3 (a). The largest connected component grows quickly with K

and covers 96% ofthe VSCN when K =20 Thus, the VSCN is a well connected network.

11
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[0048] The average shortest path length is determined by

1

L:—Zvvv.e vv#v.d(vi’v‘)' (3)
Iy - T T

[0049] Vis defined as the largest connected component to avoid divergence of L.

Figure 3 (a) shows L asa function of K. L drops quickly at the beginning. For K>20, the
average separation between two nodes on the largest connected components is only about six
hops. The existence of a dominant connected component and its small separation between
nodes suggest it is possible to navigate the VSCN 100 by following its edges, which inspires
the novel image browsing scheme as will be discussed below. Hereinafter, K will be fixed

at 20 for purpose of description, but the present application is not limited thereto.

2) In-degree Distribution

[0050] In-degree is an important measurement in complex networks. On the VSCN
100, the nodes have identical out-degree (for example, K=20), but their in-degrees differ
widely from 0 to 500. Only 1% of nodes have in-degrees larger than 100. In general,
representative and popular concepts that are neighbors of many other concepts have high
in-degrees, and form hub structures. Isolated concepts have zero in-degree. They are typically
uncommon concepts such as “geodesic dome” and “ant grasshopper”, or the failures of
concept detection such as “dscn jpg” which does not have semantic meanings. Figure 5 shows
part of the VSCN, with concepts of large in-degrees. We can identify several semantic regions
formed by these concepts, including traveling, entertainments, wallpapers, and automobile,
which correspond to the green, yellow, dark blue, and light blue regions, respectively.

[0051] Hereinafter, a method 600 for searching images with the visual semantic

complex network system 100 will be discussed.

[0052] Generally, given a query image (Fig. 5 (a)), its nearest neighbors in the
database are retrieved with a baseline method or any other available method. Based on the
initial retrieval result, the semantic meaning of the query image is estimated using a small set
of relevant semantic concepts on the VSCN100. Images under these semantic concepts are

then gathered to form a re-ranking pool. Images inside the pool are ranked based on their

12



WO 2015/078022 PCT/CN2013/088258

visual similarity to the query image, and the ranking list is returned (Fig. 5 (f)). The VSCN
brings two key benefits: (1) as the search space is greatly reduced, the re-ranking pool
contains significantly less noise than the entire database, leading to superior retrieval result. (2)
The re-ranking pool contains a more manageable number of images than the entire database (a
few thousand v.s. millions). It allows the use of more powerful features and similarity
measures, further promoting the performance.

[0053] To be specific, the method 600 for searching images with the visual semantic
complex network system according to an embodiment of the present application will be
discussed in referring to Fig. 6. At step 601, a list of images is obtained according to a given
image by using any conventional means in the art.

[0054] At step S602, a group of close related concept communities will be determined
from the list returned from step S601.

[0055] The semantic regions suggest the existence of community structures on the
VSCN. In the literature of complex networks, a community is referred to as a subgraph with
tightly connected nodes. On the VSCN, it corresponds to a group of (for example, closely)
related semantic concepts, called a concept community. To find such communities, the
inventors adopt the graph-based agglomerative algorithm in the art due to its good
performance and high efficiency. The algorithm starts by treating each single node as a cluster,
and iteratively merges clusters with largest affinity, measured via the product of in-degrees
and out-degrees between the two clusters.

[0056] The inventors observe a few interesting facts from the clustering results. First,
the size of clusters approximately follows a power-laws distribution, and 10% of the clusters
are with size larger than 10. They cover 52% nodes on the VSCN. Second, these clusters
correspond to various semantic topics, such as cars, food, plants, and animals.

[0057] At step S603, a group of close related semantic concepts will be determined
from the communities as determined in step S602.

[0058] A key step of our approach is to estimate the semantic meaning of the query
image, which 1s done at two levels. At the community level, it estimates the query image's
semantic meaning using a set of concept communities discovered in the above. As concept
communities group similar concepts, estimating the relevant communities is more reliable

13
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than estimating individual concepts. Then, at the concept level, a smaller set of relevant
concepts are further identified from the previously identified communities. Both levels fully

exploit the structural information of the VSCN, which makes our approach more robust.

1.1 Community-level Estimation

[0059] The detected concept communities is referred by {T,}% . Given a query image
1, a list of top-ranked images and their distances to 7 are returned by a baseline retrieval
algorithm (e.g. ITQ hashing). From the truncated list {(/,,d,)}.",, we calculate a relevance
score for each 7, as:

N, _d
s(T) = exp(—=
k=1 (o

Y le(d), T ] @)

c(l,) 1s the concept to which the database image I, belongs. y[c({,),T.] 1slif c({,)eT,
Ny

. 1 . .
and O otherwise. o :—de . After calculating relevance scores for all the communities,
I k=1

we keep the top N, with the largest relevance scores. The concepts included in these

concept communities are aggregated and denoted by C' = {c/}1¢ .

1.2 Concept-level Estimation

[0060] The results of community-level estimation enable us to focus on a small subset
of concepts C". In order to best identify the most relevant concepts out of C’, we jointly
leverage two sources of information. The first source is the relevance score derived from the

ranking list returned by the baseline retrieval algorithm. Similar to Section 5.1, we compute

the initial relevance score for each concept ¢, € C' as:

Ly age(r,) =], 3)
O

s =3 exp(

Where 1[[] is the indicator function, and o is the same as that in Equation 3. As s(c) is

not sufficiently reliable, we introduce the second source of information---correlations between

semantic concepts---to refine the noisy relevance score. To this end, we further construct a

14
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graph  G'(V',E',W') by extracting a subgraph from the VSCN, where 7' are nodes

corresponding to C’, E" are edges with both nodes in V', and W' are the weights associated
with £’ To integrate the two information sources, we conduct a Random Walk with Restart

(RWR) on G', characterized by

P =aP' p"+(1-a)x, (4)

where p" is the walker's probability distribution over V' at step n. P is the transition

matrix derived from W' and 7(i)=s(c])/ Zs(c;) . The physical meaning of Equation 5 can

be interpreted as, at each step, the random walker either walks, with probability « , along the
E' according to the transition matrix P or restarts, with probability 1-«, from a fixed
probability distribution . Therefore, the two information sources, incorporated into the two
terms on the r.h.s. of Equation 5, respectively, are combined by RWR up to the balance factor

a.

The equilibrium distribution p of the RWR is known as the personalized PageRank vector,
which has the following analytical solution:

p=(-a)1-aP’)'z, )
where a larger probability in p indicates higher relevance of the corresponding node. We

rank the semantic concepts according to their probability values in p, and take the top N,

to represent the semantic meaning of the query image.

[0061] At Step s604, images of the top Ne concepts are gathered and formed a

re-ranking pool of the gathered images, which are matched with the query image.

[0062] In one aspect of the present application, there is disclosed a new browsing
scheme that helps users explore the VSCN 100 and find images of interest is proposed. The
user starts browsing by entering a query keyword to the system. Since the size of the VSCN is
huge, it provides local views. This scheme allows users to browse two spaces---the query

space and the local concept space---each of which only presents a small subgraph of the entire

15



WO 2015/078022 PCT/CN2013/088258

VSCN 100. A query space visualizes semantic concepts generated by the same query. For
example, the query space of “apple” contains concepts such as “apple fruit”, “apple iphone”,
“apple pie”, and their corresponding images. A local concept space visualizes a centric
concept (e.g., “apple iphone”) together with its neighbor concepts (e.g. “htc diamond” and
“palm pixi”), which may come from different query keywords. In this way, it bridges images
of most related concepts and helps users access more images of interest without being limited
by their initial queries.

[0063] In the browsing process, users can freely switch between the two spaces. A
user who chooses a particular concept in the query space enters into the local concept space
and the chosen concept becomes the centric concept. The user can then move to a new
concept space by choosing a neighboring concept. If the user chooses the centric concept in a
local concept space, he will move back to the query space the centric concept belongs to. In
this way, users can navigate over the VSCN and search for target images.

[0064] The embodiments of the present invention may be implemented using certain
hardware, software, or a combination thereof. In addition, the embodiments of the present
invention may be adapted to a computer program product embodied on one or more computer
readable storage media (comprising but not limited to disk storage, CD-ROM, optical
memory and the like) containing computer program codes.

[0065] In the foregoing descriptions, various aspects, steps, or components are
grouped together in a single embodiment for purposes of illustrations. The disclosure is not to
be interpreted as requiring all of the disclosed variations for the claimed subject matter. The
following claims are incorporated into this Description of the Exemplary Embodiments, with
each claim standing on its own as a separate embodiment of the disclosure.

[0066] Moreover, it will be apparent to those skilled in the art from consideration of
the specification and practice of the present disclosure that various modifications and
variations can be made to the disclosed systems and methods without departing from the
scope of the disclosure, as claimed. Thus, it is intended that the specification and examples be
considered as exemplary only, with a true scope of the present disclosure being indicated by

the following claims and their equivalents.
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What is claimed is:

1. A visual semantic complex network system, comprising:

a collection device configured to retrieve a plurality of images and a plurality of
texts associated with the images in accordance with given query keywords;

a semantic concept determination device configured to determine semantic
concepts and representative images of the retrieved texts and retrieved images ,
respectively;

a descriptor generation device configured to, from the determined semantic
concepts and representative images, generate text descriptors and visual descriptors;
and

a correlation device configured to determine semantic correlations and visual
correlations from the generated text and visual descriptors, respectively, and to
combine the determined semantic correlations and the determined visual correlations

to generate the visual semantic complex network system.

2. A system according to claim 1, wherein the system comprises

a K -nearest-neighbor graph network system, K is an integer.

3. A system according to claim 2, wherein the correlation device is configured to
generate a a semantic and a visual correlation between each two of the concepts,

respectively.

4. A system according to claim 3, wherein the descriptor generation device
comprises a text descriptor generation unit configured to,

collect a plurality of text snippets corresponding to the semantic concepts,

determine a term frequency vector of the collected snippets;

truncate the determined vector such that a plurality of terms in the vector with

the highest term frequency is maintained; and
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normalize the truncated vectors to generate said text descriptors, such that the
semantic correlation between each two of the semantic concepts are generated from

the normalized vector.

5. A system according to claim 3, wherein the descriptor generation device
comprises a visual descriptor generation unit configured to,

encode each of the representative 1images by a hashing function so as to
generate a binary vector for each retrieved image,

accumulate the generate binary vectors; and

quantize the accumulated vector back to a binary vector as said visual descriptor,
such that the visual correlation between each two of the concepts are generated from

the binary vector.

6. A system according to claim 5, wherein
the semantic correlations and the visual correlations are combined to generate the

visual semantic complex network system.

7. A method for forming a visual semantic complex network system for Web
images, comprising:

retrieving a plurality of images and a plurality of texts associated with the images
in accordance with given query keywords;

determining semantic concepts and representative images of the retrieved texts
and retrieved images , respectively;

generating, from the semantic concepts and the representative images, text
descriptors and visual descriptors; and

determining semantic correlations and visual correlations from the generated text
descriptor and the generated visual descriptor, respectively,

combining the semantic correlations and visual correlations to generate the visual

semantic complex network system.
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8. A method according to claim 7, wherein the step of determining semantic
correlations and visual correlations from the generated text descriptor and the
generated visual descriptor comprises:

generate a semantic and a visual correlation between each two of the concepts.

9. A method according to claim 8, wherein the step of generating a semantic
correlation between each two of the semantic concepts comprises:

collecting a plurality of text snippets corresponding to the semantic concepts,

determining a term frequency vector of the collected snippets;

truncating the computed vector such that a plurality of terms in the vector with
the highest term frequency is maintained; and

normalizing the truncated vectors to generate said text descriptors, such that the
semantic correlation between each two of the semantic concepts are generated from

the normalized vectors.

10. A method according to claim 8, wherein the step of determining the semantic
correlations comprises:

encoding each of the retrieved images by a hashing function so as to generate a
binary vector for each retrieved image,

accumulating the generate binary vectors;

quantizing the accumulated vector back to a binary vector as said visual
descriptor; and

determining the semantic correlation from the truncated vectors.

11. A method according to claim 8, wherein the step of determining the visual
correlations comprises:

encoding each of the representative images by a hashing function so as to
generate a binary vector for each retrieved image,

accumulating the generate binary vectors;

quantizing the accumulated vector back to a binary vector as said visual
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descriptor; and

determining the s visual correlation from the truncated vectors.

12. A method according to claim 11, wherein the step of combining further
comprises:
combining the semantic correlations and visual correlations to generate the visual

semantic complex network system.

13. A method for searching images with the visual semantic complex network
system, comprising:

obtaining a list of images according to a given query image;

determining a group of related concept communities from the obtained list;

determining a group of related semantic concepts from the determined
communities;

gathering, from the determined related semantic concepts, images of a top
plurality of concepts; and

forming a re-ranking pool of the gathered images, which are matched with the

query image.

14. A method for browsing images with semantic concepts, comprising:

entering a query keyword into a display system;

generating a plurality of semantic concepts based on same queries as the entered
keyword;

visualizing the generated semantic concepts in a query space of the display
system; and

switching the query space to a local concept space of the display unit in response
to selecting a concept selected from the query space, wherein on the local concept

space the selected concept together with its neighbor concepts are shown.

15. A method according to claim 14, further comprising:
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selecting a centric concept in the local concept space; and

switching back to the query space that the selected concept belongs to.

selecting another concept in the local concept space; and

switching to another local concept space where said another concept and its

neighbor concepts are shown.
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