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CONTENT BASED IMAGE RETRIEVAL

This invention relates to a search tool for retrieval of images. In
particular, it relates to a method of retrieving images based on the content

of the images.

BACKGROUND TO THE INVENTION

One of the most significant challenges faced in the information age
is the problem of identifying required information from the vast quantity of
information that is accessible, particularly via the world wide web.
Numerous text-based search engines have been developed and depioyed.
The best known of these are popular search engines that use keyword
searching to retrieve pages from the world wide web. These engines

include Google®, and Yahoo®.

Although it has been said that a picture is worth a thousand words,
it cannot be said that image retrieval technology is as developed as text-
based retrieval technology. Retrieval of images from a large collection of
images remains a significant problem. It is no longer practical for a user to
browse a collection of thumbnails to select a desired image. For instance,
a search as simple as “Sydney Opera House” results in 26000 hits in a

Google® Images search at the time of writing.

Existing solutions to retrieving a particular image from a large
corpus of images involves three related problems. Firstly, the images must
be indexed in some way, secondly a query must be constructed and thirdly
the results of the query must be presented in a relevant away. Traditionally
the images have been indexed and searched using keywords with the
results being presented using some form of relevancy metric. Such an
approach is fraught with difficulties since keyword allocation generally
requires human tagging, which is a time-intensive process, and many

images can be described by multiple keywords.

An alternate approach is to use semantics classification methods as
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described by Wang et. al. in “SIMPLIcity: Semantics-Sensitive Integrated
Matching for Picture Libraries” published in IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol 23, No 9, September 2001. The
paper describes a region-based retrieval system that characterizes
regions by colour, texture, shape and location. The system classifies
images into semantic categories, such as textured-nontextured, graph-
photdgraph. Images are then retrieved by constructing a similarity
measure based on a region-matching scheme that integrates properties of
all the regions in the images. The Wang paper also includes a useful
summary of known content based image retrieval technologies.

Another approach is described by Jacobs et. al. in “Fast
Mutliresolution Image Querying” published in Proceedings of SIGGRAPH
95, In Computer Graphics Proceedings, Annual Conference Series, 1995,
ACM SIGGRAPH, New York, 1995. Jacobs et. al. describe a pre-
processing approach that constructs signatures for each image in a
database using wavelet decomposition. A signature for a query image is
obtained using the same process. The query signature is then used to
access the signatures of the database of images and a metric constructed
to select images with similar signatures. The problem with this approach is
the necessity to pre-process all searchable images in order to derive a

signature.

Igbal and Aggarwal investigate the impact of feature integration on
retrieval accuracy in their paper, “Feature Integration, Multi-image Queries
and Relevance Feedback in Image Retrieval” presented at the 6'"
International Conference on Visual Information Systems, Miami, Florida,
24-26 Sep 2003, pp 467-474. They extracted features of structure, color
and texture from images in a database of 10221 images. They then
measured retrieval performance using structure alone, color alone, texture
alone, color and texture, and structure, color and texture. For image
retrieval they used CIRES (Content-based Image REtrieval System)
developed by the University of Texas — Austin. Perhaps unsurprisingly
they found that image retrieval was most effective when structure, color

and texture were used. They also found that using multiple query images
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resulted in more effective image retrieval.

Furthermore, Igbal and Aggarwal investigated the benefit of user
interaction via relevance feedback. Relevance feedback allows a user to
indicate positive, negative and unsure images from the collection if images
returned by an initial query. The query is modified by the user feedback
and re-run. They found-signiﬁcant improvement in image retrieval with

user feedback.

Although the recent prior art for image retrieval has a bias towards
the problem of retrieving images from the world wide web it will be
appreciated by persons skilled in the art that the problem is not dependent
on the nature of the data store. The same prior art is relevant to selecting

an image from a local store of images on a personal computer.

OBJECT OF THE INVENTION

It is an object of the present invention to provide a search method

for content based image retrieval.

Further objects will be evident from the following description.

DISCLOSURE OF THE INVENTION

In broad terms the invention resides in a method of extracting
images from a set of images including the steps of:
constructing a query set by extracting a set of features from one or more

selected images;
constructing a dissimilarity metric as the weighted summation of distances
between the features in the query set and features of images in the set of
images; and
displaying the images having a minimum dissimilarity metric.

Preferably the weighted summation uses weights derived from the

query set.

Suitably the invention further includes the step of ranking the order

PCT/AU2007/000746
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4

of display of the displayed images. The images may be displayed in order
from least dissimilar by increasing dissimilarity although other ranking

schemes such as size, age, filename would also be possible.

BRIEF DETAILS OF THE DRAWINGS

To assist in understanding the invention preferred embodiments will

now be described with reference to the following figures in which:

FIG1 s aflowchart displaying the main steps in a method of content

based image retrieval,

FIG2  displays a screenshot exemplifying an initial search as a starting

point for a first application of the invention;

FIG3 displays a screenshot exemplifying a set of images from the

initial search;

FIG4  displays the screenshot of FIG 3 with three images selected to

form the query set;

FIGS displays a screenshot of the results of content based image

retrieval according to the invention;
FIG6 displays a screenshot of image thumbnails in a directory; and

FIG7 displays the screenshot of FIG 6 with three images selected to

form a query set.

DETAILED DESCRIPTION OF THE DRAWINGS

In describing different embodiments of the present invention

common reference numerals are used to describe like features.

The goal of the method is to retrieve images based on the feature
content of images and a user’s query concept. The user’s query concept is
automatically derived from image examples supplied or selected by the
user. It achieves the goal with an innovative method to extract perceptual
importance of visual features of images and a computationally efficient

weighted linear dissimilarity metric that delivers fast and accurate retrieval

PCT/AU2007/000746



WO 2007/137352 PCT/AU2007/000746

10

15

20

25

30

results.

In multi-image query systems, a query is a set of example images

0= {Iql,qu,....,IqQ}. The set of example images may be any number of

images including one. Much of the prior art constructs a query based upon
a single query image but the preferred approach of this invention is for a
user to provide at least two and preferably three images. The user
supplied images may be selected directly from a database or may be
identified through a conventional image search, such as that mentioned

above using Google® Images.

For the following description the target image set, sometimes called
the image database, is defined as T ={I, :m =12,..,M}. The query criteria
is expressed as a similarity measure S(Q, ) between the query set Q and
an image J; in the target image set. A query system Q(Q, S, 7) is a mapping
of the query set Q to a permutation 7, of the target image set 7, according
to the similarity S(Q, I), where T, =1{I, e T:m =12,..,M} is a partially
ordered set such that S(Q, 1,) > S(O, I.+1). In principle, the permutations
are that of the whole database, in practice only the top ranked output

images are evaluated.

The method of content based image retrieval is summarised in FIG
1 and explained in greater detail below. The method commences with the
query set 1. The feature extraction process 2 extracts a set of features
using a feature tool set 3, which may be any of a range of third party
feature tools, including those mentioned above. A query is then formed 4

from the extracted features.

The query can be thought of as an idealized image constructed to

be representative of the images in the query set.

A key aspect of the invention is calculation of a dissimilarity metric 5
which is applied to the target image set 6 to identify images that are similar
to the set of features forming the query. The images are then ranked 7 and

presented to the user 8.
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Feature Extraction

The feature extraction process bases the query on low level
structural descriptions of images. An image object I can be described by a

set of features X = {x,, n=12,...N } Each feature is represented by a £,-
dimensional vector x, = {xl,xz,....,xkn} where x, ; € [O,b,,,,,Jc R, Ris the real

number. The n' feature extraction is a mapping from image I to the

feature vector as:
x, =f,(I) (1)

The invention is not limited to extraction of any particular set of
features. A variety of visual features, such as color, texture or facial
features, can be used. Third party visual feature extraction tools can be

plugged into the system.

For example, the popular MPEG-7 visual tools is suitable, the
MPEG-7 Color Layout Descriptor (CLD) is a very compact and resolution-
invariant representation of color which is suitable for high-speed image
retrieval. It uses only 12 coefficients of 8x8 DCT to describe the content
from three sets (six for luminance and three for each chrominance), as

expressed as follows.

Xerp = (%5 ¥y, Chy,Ch, ,C, ,Cr,,Cr, ,Cr,) (2)

The MPEG-7 Edge Histogram Descriptor (EHD) uses 80 histogram

bins to describe the content from 16 sub-images, as expressed as follows.

Xgwp = (hl N a4~"hso) (3)

While the MPEG-7 set of tools is useful, the invention is not limited
to this set of feature extraction tools. As is evident from the prior art there
are a range of feature extraction tools that characterize images according

to such features as colour, hue, luminance, structure, texture, location, etc.

As mentioned above, the invention may be applied to a set of facial
features to identify a face from a database of faces. The feature extraction
process may extract facial features such as distance between the eyes,

colour of eyes, width of nose, size of mouth, etc.
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Query Feature Formation

The query concept of the user is implied by the example images
selected by the user. The query feature formation module generates a
5 virtual query image feature set that is derived from the example images.

The fusion of features forming one image may be represented by
¥=(rox ®..0x) | (4)

For a set of query images the fusion of features is
X=(roxe..ox") (5)

10 The query feature formation implies an idealized image which is
constructed by weighting each feature in the feature set used in the

feature extraction step. The weight applied to the i feature x; is:
_ i( 11 1.,2 .2 2. ..m _m m) 6
W, = fAX] X e X3 X 5 X5 ey Xy 3ee3 X 5 Xy 5eees X (6)

The idealized image I, constructed from the set of query images QO
15 could then be considered to be the weighted sum of features x; in the

feature set:

I,= Zw,xi (7)

Dissimilarity Computation

20 The feature metric space X, is a bounded closed convex subset of
the k,-dimensional vector space R™. Therefore, an average, or interval, of
feature vectors is a feature vector in the feature set. This is the base for
query point movement and query prototype algorithms. However, the
average feature vector may not be a good representative of other feature

25 vectors. For instance, the colour grey may not be a good representative of

colours white and black.

In the case of a multi-image query, the distance is measured

between the query image set {Iq,,lqz,...[qg} and animage /, €T, as
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D(Q.1,)= D1,y 1,z o 1) ®

The invention uses a distance function expressed as a weighted

summation of individual feature distances, as follows

N

D(Iq’ m)=zwf~d,-(anxm) 9

i=]

This equation calculates a measure which is the weighted
summation of a distance metric d between query feature x, and queried

feature x,,.

The weights w; are updated according to the query set using
equation (6). For instance, the user may be seeking to find images of
bright coloured cars. Conventional text based searches cannot assist
since the query ‘car’ will retrieve all cars of any colour and a search on
‘bright cars’ will only retrieve images which have been described with
these words, which is unlikely. However, an initial text search on cars will
retrieve a range of cars of various types and colours. When the user
selects a query set of images that are bright the query feature formation
will give greater weight to the luminance feature than, say, colour or
texture. On the other hand if the user is looking for blue cars the query set
will be selected from only blue cars. The query feature formation will give
greater weight to the feature colour and to the hue blue than to luminance

or texture.

In each case the dissimilarity computation is determining a similarity
value that is based in the features of the query set selected by the user
without the user being required to define the particular set of features
being sought. It will be appreciated that this is a far more intuitive image

searching approach than is available in the prior art.

Resulf Ranking

The images extracted from the image set using the query set are
conveniently displayed according to a relevancy ranking. There are
several ways to rank the output images and the invention is not limited to
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any specific process. One convenient way is to use the dissimilarity
measure described above. That is, the least dissimilar (most similar)
images are displayed first followed by more dissimilar images up to some
number of images. Typically the twenty least dissimilar images might be

displayed.

So, the distance between the query image set and a target image in
the database is defined as follows, as is usually defined in a metric space.

d(Q,Ij)=x1n€ig{d(Xq,Xj)} (10)

The measure of (10) has the advantage that the top ranked images
will be similar to one of the example images, which is highly expected in a
retrieval system, while in the case of the prototype query, the top ranked
images will be similar to an image of average features, which is not very
similar to any of the example images. The former will give better

experience to the user in most applications.

Example 1

A demonstration implementation of the invention has been
implemented using Java Serviet and JavaServer pages technologies
supported by Apache Tomcat® web application server. It searches the
images based on image content on the Internet via keyword based
commercial image search services like Google® or Yahoo®. The current
implementation may be accessed using any web browsers, such as
Internet Explorer or Mozilla/Firebox, and consists of a 3-step process to

search images from the Internet.

In order to demonstrate the operation of the invention it has been
applied to the example of finding an image of the Sydney Opera House
using Google® Images, which was mentioned above.

1) First Step: Keyword based search as shown in FIG 2. Use keywords to
retrieve images from the Internet via a text based image search services to

form an initial image set as shown in FIG 3.

2) Second Step: Select example images from the initial search results as
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shown in FIG 4. Select image examples the user intends to search by
clicking image checkboxes presented to the user from the keyword based

search results.

3) Third Step: Conduct a search of all images using the query constructed
from the sample images. The results are presented in a ranked sequence

according to similarity metric as shown in FIG 5.

As can be seen from the example, the images of the result set
shown in FIG 5 are all relevant whereas the images shown in FIG 3

include images of doubtful relevance.

Example 2

The invention can be integrated into desktop file managers such as
Windows Explorer® or Mac OS X Finder®, both of which currently have the
capability to browse image files and sort them according to image
filenames and other file attributes such as size, file type etc. A typical
folder of images is shown in FIG 6 as thumbnails. The user selects a
number of images for constructing the query set by highlighting the images
that are closest to the desired image. In the example of FIG 7 the user has
selected images that have the Sydney Harbour Bridge as a background to

the Sydney Opera House.

The user then runs the image retrieval program, which is
conveniently implemented as a plug-in. In FIG 6 and FIG 7 the invention is

activated by clicking the tick icon 9 on the tool bar.

Conclusion

The method of content based image retrieval described above has

a number of advantages compared to the prior art systems including:
e Perceptual importance is derived automatically from user examples;
e The search process is intuitive;

e The user is not required to select features or weights for features; -
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e A weighted linear dissimilarity metric is generic, applicable to all

features;

o The weight generation and dissimilarity formula are computationally

efficient and deliver very fast retrieval resulits;

5 » Feature extraction tools are pluggable — standard and third-party

features can be integrated into the architecture;

¢ Users need not supply negative examples.

Throughout the specification the aim has been to describe the
invention without limiting the invention to any particular combination of

10 alternate features.
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CLAIMS
1. A method of extracting images from a set of images including the
steps of:

constructing a query set by extracting a set of features from one or more
selected images;

constructing a dissimilarity metric as the weighted summation of distances
between the features in the query set and features of images in the set of
images; and

displaying the images having a minimum dissimilarity metric.

2. The method of claim 1 wherein the query set is extracted from at
least two images.

3. The method of claim 1 wherein the query set is extracted using a

feature tool set.

4. The method of claim 1 wherein the query set is extracted using low

level structural descriptions of the images.

5. The method of claim 1 wherein the features are selected from one
or more of: colour; texture; hue; luminance; structure; location; facial

features.

6. The method of claim 1 wherein the query set is an idealized image

constructed as a weighted sum of the set of features.

7. The method of claim 6 wherein the idealized image is 1, = Z WX,

where Xx; is a feature and w; is the weight applied to the feature.

8.  The method of claim 1 wherein the weighted summation uses

weights derived from the query set.

9. The method of claim 1 wherein the dissimilarity metric is
N

D(Iq’]m)z Zwi'di(xqi’xm')'
i=]

10. The method of claim 1 further including the step of ranking the

order of display of the displayed images.
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11.  The method of claim 7 wherein the ranking is in order of similarity.

12.  Software embedded in one or more computer-readable media and

when executed operable to:
construct a query set by extracting a set of features from one or more

selected images;
construct a dissimilarity metric as the weighted summation of distances

between the features in the query set and features of images in the set of
images; and

display the images having a minimum dissimilarity metric.

13.  The software of claim 12 further operable when executed to rank

the images having a minimum dissimilarity metric in order of similarity.



WO 2007/137352 PCT/AU2007/000746

1/4

Featire Tool Set | 7

MPEG-7
Visual Tools

i ature

ools




WO 2007/137352 PCT/AU2007/000746

2/4

BociTarts | Took W - et i
b I ;
o & e oy uow e aujtrprene!

Imprezzeo™

Content-based Image Search

b £ L G Wl Dore

Imprezzeo~

Coment-hased linage Search

Resulis 1. 20 of 200 for sydneys apesachause

Seloct seme sample images by ticking the checkbox. (hrds: select 15 images.;

“dieats syd..opetaigipg 19 Syduey Upeta Houseljpg
: B .. BB3EH :

768 ¢ 512 pindhs © x 555 pivals
ek ) |k
[ . - 0

sydney.operataise.qH syduey_opern_hatize.ipg Sydusy opera housafpy  BSCO3SET S... House bIPG
x 750 pixels 505 ¢ 1200 ¢ 42 x 450 pivels 9% » £72 pisele
23

Lapy of Sy...a House.jpg
2313 K57, aivaly

|




WO 2007/137352 PCT/AU2007/000746

9 ..
Back Forwaid  Reload
¢ Arore | shboolmanc

iy

Imprezzeo-

Content-based Image Search

Resulls 1- 20 of 200 for sydheysopetashouse

Selest some samale images dy ticking the theckbox. (Hints: select 1.5 imeges)

19 Sydiey. Opera Hsuse Jpg
B 595 pin el
3K

aydney.sparaheusad.git apara_teusedig
G4 « 750 pixels » 1200 pivele
38k K

2892559
T2 260 eivels

FIG 4

Imprezzeo~

Content-hased image Search

Hew Search Rezuhs 1 - 20 of 200 froen selactnd amgls smages

; Sefuc vorw sumple imugas by tickig the cheskbuey, (Hime: suivct 1.5 imagas )

peidiyipy

Sydiiey_Dpera Mouse.jyy
2 pixely

theat_syd.
633 ¥ &40 pixets "G
3t

Sydnegitabaur0djby IM6_6423 medinnefpg Syduey2...52hause fig auts_sydnay..1a_tbokiijpg
200 x 259 pineis 640 « 220 pueels 1620 x {203 pixels 596 x 292 piveis
Tk Bk 6k FEi

3 i s £

S:ydnoy'? 2. pd. - e $26..520 wseijpg sg‘dv‘xoy-npm..nxo‘han.hs.q .
- 1152.x 872 pinets B « 450 pinefs 60 T E34 pixeds’ 300 x 205 giveis,
Bk 40k 193 Riz3
[ b
B AR e owe ’ o A




WO 2007/137352 PCT/AU2007/000746

4/4

C\Dacurm and Sattings\LfSer 1 S\Deddop| Tesnn
; ;

iged2tlioy  imoped{22libg imeges{23)iog




INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2007/000746
A CLASSIFICATION OF SUBJECT MATTER
[nt. CL.
GO6F 17/30 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

DWPI, USPTO, PCT Gazette, esp@cenet: image, feature, search, query, similar, weight

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
. claim No,

X US-2005/0131951 (ZHANG et al.) 16 June 2005 1-13
Paragraphs [0024], [0032], [0069], [0078]-[0079], [0115], [0121]-[0122], [0144]-
[0145]

X US-6859802-B1 (RUT) 22 February 2005 1-13
Column 5 line 58 to column 6 line 57, column 7 lines 5 to 21, column 11 line 51 to
column 12 line 40,

X US-2002/0178149-A1 (CHEN et al.) 28 November 2002 1-13
Paragraphs [0016)-[0036], especially paragraph [0018] and claim 2

X US-5893095-A (JAIN et al.) 6 April 1999 I,3-5, 9-10,
Column 7 lines 9 to 22, column 11 lines 25 to 34, column 12 lines 7 to 22, column 12 12-13
line 62 to column 13 line 15

D Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:

"A"  document defining the general state of the art which is “T*  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the “X*  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered {o involve an inventive step when the document is taken
alone
"L*  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"P"  document published prior to the international filing date

but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

18 July 2007 2

3 JUL 2087

Authorized officer

MICHAEL HARDY
AUSTRALIAN PATENT QFFICE:
(ISO 9001 Qualified Service)
Telephone No : (02) 6283 2547

Name and mailing address of the ISA/AU

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pct@ipaustralia.gov.au

Facsimile No. (02) 6285 3929

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/AU2007/000746

This Argex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-r?ntloned international search report. The Australian Patent Office is in no way llable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

US 2005131951 US 6748398 Us 7111002 Us 7113944
US 2002174120 US 2004243541 US 2006248044

US 6859802 US 7028325 . US 2005065929 US 2005086223

- US 2005159956 US 2005160457

US 2002178149 US 6834288
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Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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