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Abstract
Theamount of pictorial data hasbeen growing enormously with the
expansion of WM. From the large number of images, it is very
important for usersto retrieve required images via an efficient and
effective mechanism. To solve the image retrieval problem, many
techniques have been devised addressing the requirement of different
applications. Problem of the traditional methods of image indexing
haveled to therise of interest in techniquesfor retrieving imageson
the basis of automatically derived featuressuch ascolor, textureand
shape... a technology generally referred as Content-Based |mage
Retrieval (CBIR). After decade of intensive research, CBIR
technology is now beginning to move out of the laboratory into the
mar ketplace. However, thetechnology still lacks maturity andisnot
yet being used in a significant scale.
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1 INTRODUCTION

Images can be indexed and retrieved by textual descriptors and by image content. In textua
queries, words are used to retrieve images or image sets, and in visud queries (content-based
retrieval), images or image sets are retrieved by visud characterigtics such as color, texture, and
shape. Image retrieval strategies based on either text-based or content-based retrieval done have
their limitations. Images are often subject to a wide range of interpretations, and textud
descriptions can only begin to capture the richness and complexity of the semantic content of a
visud image. Human indexing of images is highly labor-intensve and limiting when large
databases are involved. However, retrieval based on visud characterigtics is computationally
intense and has not yet reached the point where it can be efficiently used to formulate
intellectudly subtle queries, especidly for non-specidist users.

Before going to discuss in detall about image indexing, | would like to give brief definition of the
terms, which is rdlaed to image indexing.

Image

Theagde‘inition of an image follows its Latin origin, imago, as a pictoriad representation of a
person, scene, or object. An image is a redigic or semi-redigtic representation of a variety of
subjects produced by a number of methods and in a number of different syles. The term "picture”
is aso frequently used in the literature; therefore, the terms "picture’ and "image’ are both used
in appropriate contexts. In other words we can say that an image as described here is any object
that could be consdered grgphica in nature. This includes, but is not limited to, photographs,
dides, digitd images and any dyject that is not textua in nature.

Image Attribute

"Attribute’ can be defined as. "any kind of feature, component, or property of a stimulus that can
be represented by an information processing system.” Image attributes are not limited to purely
visud characterigtics, but include other cognitive, affective, or interpretive responses to an image,
such as those describing spatia, semantic, symbolic, or emotiond characterigtic.

Pixel

The picture elements that make up an image, Smilar to grains in a photograph or dots in a haf-
tone. Each pixd can represent a number of different shades or colors, depending upon how much
storage space is dlocated for it.

8-bitimage
A digital image that can include as many as 256 possble colors. In this kind of image, 8 bits are
dlocated for the storage of each pixd, dlowing 2 to the power of 8 (or 256) colors to be
represented.

24-bitimage

A digitd image that can include gpproximately 16 million possble colors. In this kind of image,
24 bits are alocated for the storage of each pixel, dlowing 2 to the power of 24 (or more than 16
million) colors to be represented.

Palette
The set of colors that appear in a particular digita image. Becomes part of a color look-up table.

Adaptive palette
Image-specific set of colors chosen to most closely represent those in the origind source. Part of
acustom color look-up table.
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System palette
A color paette chosen by a computer system and gpplied to dl digital images.

Resolution, | mage
Number of pixds (in both height and width) making up an image. The higher the resolution of an
image, the grester its clarity and definition.

Bit Mapped Image
An image created from a series of bits and bytes that form pixels. Each pixel can vary in color or
gray-scale vaue. Also known as araster image.

Vector Graphic
A digita image encoded as formulas that represent lines and curves.

Thumbnail (Browse image)
A smal image (usudly derived from alarger one). Browse images permit a user to view a dozen
or more images on asingle screen.

Lossless Compression

Process that reduces the storage space needed for an image file without loss of data. If a digita
image that has undergone losdess compression is decompressed, it will be identicad to the digita
image before it was compressed. Document images (i.e., in black and white, with a great ded of
white space) undergoing lossess compression can often be reduced to one-tenth of their origina
Sze continuous-tone images under lossess compression can seldom be reduced to one-half or
one-third of their origind sze.

Lossy Compression

A process that reduces the storage space needed for an image file. If a digital image that has
undergone lossy compresson is decompressed, it will differ from the image before it was
compressed (though this difference may be difficult for the human eye to detect). The most
effective lossy-compresson agorithms work by discarding information thet is not eesly
perceptible to the human eye.

Gray Scale
The range of shades of gray in an image. The number of grays, or steps between black and white
determines the gray scales of scanners and terminals that they can recognize and reproduce

2. TYPESé)_Id:IMAGESFOUND INLIBRARIESARE

g ides
Photographs (+ve)
Photographs (-ve)
Video
Posters
Prints
Paintings
Drawings
Transparencies
Fabrics HIms, etc



Paper:F Md. Farooque

3. IMAGE ATTRIBUTES

In a study conducted by School of Information and Library Studies, University a Buffdo, image
attributes as described by participants fell into three main types. "Perceptud,” " Interpretive,” and
"Reective." Perceptud attributes are those named in direct response to a visud stimulus, such as
Color ("red") or Object ("confetti"). Interpretive attributes are those, which require both
interpretation of perceptua cues and application of agenerd level of knowledge or inference
from that knowledge to name the attribute. This category includes such attributes as Style
("modern art") and Atmosphere ("dreamy"). Reactive attributes describe persond reactions to the
image, such as uncertainty, confusion, and "liking" the image. Attributes were then grouped into
higher-level Classes based upon conceptua and functiond relationships. The Classes were the
most useful leve for describing attribute distributions.

Forty-eight image attributes and twelve higher-level Classes of attributes were derived from the
data, udng the techniques described above. The twelve higher-level Classes, with brief
definitions, are listed below.
» Literal Object (perceptual).
This class contains items, which are classified as being litera (visually perceived) objects.
» People (perceptual)
The presence of ahuman form.
» People Qualities (Interpretive)
Interpretive quaities such as the nature of the reationship among people depicted in
an image, their menta or emotiona State, or their occupation.
» Art Historical Information (I nter pretive)
Information, which is related to the production context of the representation, such as
Artigt, Medium, Style, and Type.
» Color (Perceptual)
Includes both specific named colors and terms relating to various aspects of color vaue,
hue, and tint.
» Location (Perceptual)
Includes atributes relating to both generd and specific locations of picture components.
» Visual Elements (Perceptual)
Includes those percepts such as Orientation, Shape, Visud Component (line, detalls,
lighting) or Texture.
» Description (Perceptual)
Includes descriptive adjectives and words referring to size or quantity.
» Abstract Concepts (Interpretive)
Abdtract, thematic, and symbolic image descriptors.
» Content/Story (Interpretive)
Attributes relating to a specific instance being depicted, such as Activity, Event, and
Setting.
» Personal Reaction
Personal reactions to the image.
» External Relationship
Comparison of attributes within a picture or among piclures or reference to an externa
entity.

It is found that these twelve attributes congtitute around 96.2% user approach for retrieving the
images.
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The digribution is given below,

Class Per centage (%)
Literal Object 177
Content/tory 149
Abstract 144
Color 123
People Qudities 8.1
People 7.2
Description 5.2
Art Hioricd Tnformation 5.8
Persond Reaction 5.0
External Relation 41
Visud Elements 3.8
Location 16

4. IMAGE INDEXING
The objective of image indexing is to retrieve smilar images from an image database for a given
query image (i.e., a pattern image). Each image has its unique feature. Hence image indexing can
be implemented by comparing their features, which are extracted from the images. The criterion
of amilarity among images may be based on the festures such as color, intengity, shape, location
and texture, and above mentioned other image attributes. Current Image indexing techniques are
of two types,

1. Textud (manud)

2. Content- based (automated)

41 Textual
It is very smple techniques, keeping in mind the user approach keywords are given for a
particular image. These includes
= Captionindexing
Keyword additions
Standard subject headings, Classification, etc.

The problem with thisindexing isthet it is
 Labor intensve
More prone to inter indexer condgstency problems than indexing of text
Of-ness, thing-ness, about-ness ambiguities

4.2.  Content-based

It is dso known as automated indexing, in this technique images are indexed based on ther
content ike color, shape, direction, texture, spatid relation etc. This kind of indexing is taken
care by software itsdlf, algorithms are developed which can differentiate the color, shape, textures
etc. The image retrieved through this technique is known as Content Based Image Retrieval
(CBIR).

5. WHAT ISCBIR?

The earliest use of the term content-based image retrieval intheliterature seemsto have been to
describe the experiments into automatic retrieva of images from a database by colour and shape
feature. The term has since been widely used to describe the process of retrieving desired images
from a large collection on the basis of features (such as colour, texture and shape) that can be
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automatically extracted from the images themselves. The features used for retrieval can be either
primitive or semantic, but the extraction process must be predominantly autométic. Retrieva of
images by manudly-assgned keywords is definitdly not CBIR as the term is generaly
understood — even if the keywords describe image content.

CBIR differs from classicd information retrieva in that image databases are essentidly
ungtructured, since digitized images consst purely of arrays of pixel intengties, with no inherent
meaning. One of the key issues with any kind of mage processing is the need to extract useful
information from the raw data (such as recognizing the presence of particular shapes or textures)
before any kind of reasoning about the image's contents is possible. Image databases thus differ
fundamentally from text databases, where the raw materiad are in pixel form (words stored as
ASCII character strings)]. CBIR draws many of its methods from the field of image processing
and computer vision, and is regarded by some as a subset of that field. It differs from these fidds
principaly through its emphasis on the retrieva of images with desired characterigtics from a
collection of sgnificant Sze. Image processng covers a much wider field, including image
enhancement, compression, transmission, and interpretation. While there are grey areas (such as
object recognition by feature andyss), the digtinction between mainstream image andysis and
CBIR is usudly farly clear-cut. An example may make this clear. Many police forces now use
automatic face recognition systems. Such systems may be used in one of two ways. Firsly, the
image in front of the camera may be compared with a single individua’ s database record to verify
his or her identity. In this case, only two images are matched, a process few observers would call
CBIR. Secondly, the entire database may be searched to find the most closdly matching images.
Thisisagenuine example of CBIR.

Research and development issuesin CBIR cover arange of topics, many shared with mainstream

|mage processing and information retrieval. Some of the most important are:
understanding image users needs and information-seeking behaviour
identification of suitable ways of describing image content
extracting such features from raw images
providing compact storage for large image databases
matching query and stored images in away that reflects human similarity judgements
efficiently accessing stored images by content
providing usable human interfaces to CBIR systems

5.1. CBIR Techniques
Most of the CBIR indexing techniques based on color, shape and texture.

5.1.1. Color

Retrieving images based on color smilarity is achieved by computing a color histogram for each
image that identifies the proportion of pixels within an image holding specific vaues (that
humans express as colors). Current research is attempting to segment color proportion by region
and by spatid relationship among severad color regions

5.1.2. Texture

Texture is a difficult concept to represent. The identification of specific textures in an image is
achieved primarily by modding texture as a two-dimensond gray leve variaion. The rdative
brightness of pairs of pixes is computed such that degree of contrast, regularity, coarseness and
directiondity may be estimated (Tamura, Mori & Yamawaki, 1978). However, the problemisin
identifying patterns of copixd variation and associating them with particular classes of textures
such as slky", or “rough”.
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5.1.3. Shape

Queries for shapes are generdly achieved by selecting an example image provided by the system
or by having the user sketch a shape. The primary mechanisms used for shape retrieva include
identification of festures such as lines, boundaries, aspect ratio, and circularity, and by identifying
aress of change or stability via region growing and edge detection. Of particular concern is the
problem of dealing with images having overlgpping or touching shapes.

5.2.  What Standards are Relevant to CBIR?
Potentidly, a number of different types of standard could affect, and be affected by,
deve opments in CBIR technology. These include:
network protocols such as TCP/IP, governing the transmission of data between hosts
holding stored data and clients running gpplications making use of such data;
image storage formats such as TIFF a JPEG, specifying how images should be encoded
for long-term storage or transmission;
image data compression standards such as JPEG and MPEG2, specifying standard
methods for compressing image (and video) data for efficient transmission;
database command languages such as SQL, providing a standard syntax for specifying
queriesto arelationd database;
metadata standards such as RDF, providing a framework for describing the content of
multimedia objects, and languages such as XML in which to write content descriptions.

Some of these standards are unlikely to pose any implications for the development of CBIR. For
example, low-level network transmission protocols such as TCP/IP handle dl types of datain the
same way, regarding them smply as packets o binary data whose meaning, if any, is left to the
sending and receiving gpplications to sort out. CBIR gpplications are no different from any others
in this respect. (Higher-levd protocols such as Z39.50 are different issue). Smilarly, storage
formats for image data are not redlly a CBIR issue either. All commercia and many experimental
CBIR systems can accept images in a wide variety of formats, converting them to their own
native format for feature extraction if required. Image matching and retrieva is dways performed
on a database of extracted features, with the original images used purely for display purposes.
Hence the format in which these images are stored has no effect on the operations of query
formulation, matching or retrieval.

The other types of standard listed above could have implications for CBIR (and vice versa), even
though these implications may well turn out to be minima in practice. Three main aress of
potentia impact can be identified: image compresson, query specification, and metadata
description.

5.3. Practical Applicationsof CBIR
A wide range of possible gpplications for CBIR technology has been identified. Some of these are
listed below.
Crime prevention
The military
Intellectua property
Architectural and enginearing design
Fashion and interior design
Journdlism and advertisng
Medicd diagnoss
Geographica information and remote sensing systems
Culturd heritage
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Educetion and training
Home entertainment
Web searching.

5.4. Available CBIR Software _ _
Despite the shortcomings of current CBIR technology, severa image retrieva systems are now

available as commercia packages, with demongtration versons of many others available on the
Webh. Some of the most prominent of these are described below.

5.4.1. Commercial systems

QBIC

IBM’s QBIC system is probably the best-known of al image content retrieval systems. It is
avallable commercidly ether in standalone form, or as part of other IBM products such as the
DB2 Digitd Library. It offers retrieva ky any combination of colour, texture or shape — as well
as by text keyword. Image queries can be formulated by selection from a paette, specifying an
example query image, or sketching a desired shape on the screen. The system extracts and stores
colour, $igpe and texture features from each image added to the database, and uses R*-tree
indexes to improve search efficiency . At the time of searching, the system matches appropriate
features from query and stored images, calculates a smilarity score between the query and each
stored image examined, and displays the most smilar images on the screen as thumbnails. The
latest verson of the system incorporates more efficient indexing techniques, an improved user
interface, the ability to search grey-level images, and a video storyboarding facility . An online
demondtration, together with information on how to download an evauation copy of the software,
is available on the World-Wide Web &t http://Awwabic.a maden.ibm.com/ .

Virage

Another well-known commercid system is the VIR Image Engine from Virage, Inc. This is
available as a series of independent modules, which systems developers can build in to their own
programs. This makes it easy to extend the system by building in new types of query interface, or
additional customized modules to process specidized collections of images such as trademarks.
Alternatively, the system is available as an add-on to existing database management systems such
as Oracle or Informix. An on-line demongration of the VIR Image Engine can be found at
http:.//www.virage.com/onling/. A high-profile gpplication of Virage technology is Altavida's
AV Photo Finder ( http://image.dtavista.com/cgi-binfavnegi), dlowing Web surfers to search for
images by content amilarity. Virage technology has aso been extended to the management of
video data ; details of their commercia Videologger product can be found on the Web a
http:/Amww.virage.com/market/catal oger.html.

Excalibur

A smilar philosophy has been adopted by Excdibur Technologies, a company with a long
history of successful database applications, for their Visua RetrievdWare product . This product
offers a variety of image indexing and matching techniques based on the company’s own
proprietary pattern recognition technology. It is marketed principaly as an gpplications
development tool rather then as a standaone retrieval package. Its best-known application is
probably the Yahoo! Image Surfer, dlowing content-based retrieva of images from the World-
wide Web. Further informaion on Visud RetrievdWare can be found at
http:/mww.excdib.com/, and a demondraion of the Yahoo! Image Sufer a
http://isurf.yahoo.conV.  Excdibur's product range dso includes the video data
managementsystem Screening Room (_ http:/Aww.excalib.com/products/video/screen.html).
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5.4.2. Experimental Systems

A large number of experimenta systems have been developed, mainly by academic indtitutions,
in order to demondrate the feasibility of new techniques. Many of these are available as
demondtration versions on the Web. Some of the best-known are described below.

Photobook

The Photobook system from Massachusetts Indtitute of Technology (MIT) has proved to be one
of the mogt influentia of the early CBIR systems. Like the commercid systems above, amsto
characterize images for retrieva by computing shape, texture and other appropriate features.
Unlike these systems, however, it aims to caculate infor mation-preserving features, from which
al essentid aspects of the original image can in theory be recongtructed. This alows computation
of features relevant to a particular type of search at the time of search, giving greater flexibility at
the expense of speed. The system has been successfully used in a number of gpplications,
involving retrieval of image textures, shapes, and human faces, each using features based on a
different model of the image. More recent versons of the system allow users to sdect the most
gppropriate feature type for the retrievd problem at hand from a wide range of aternatives .
Further information on Photobook, together with an online demongration, can be found at
http:/Amww-white mediamit.edu/vismod/demos/photobook/.  Although Photobook  itsef  never
became a commercia product, its face recognition technology has been ncorporated into the
Facel D package from Viisage Technology ( http:/imww.viisage.com/), now in use by severa US

police departments.

Chabot

Ancther early sysem which has received wide publicity is Chabot , which provided a
combination of text-based and colour-based access to a collection of digitized photographs held
by Cdifornia s Department of Water Resources. The system has now been renamed Cypress, and
incorporated within the Berkeley Digita Library project a the Universty of Cdifornia at
Berkeley (UCB). A demonstration of the current version of Cypress (which no longer appears to
have CBIR capahilities) can be found at http:/dib.cs.berkeley.edu/cypresshtml. Rather more
impressive is UCB'’s recently-developed Blobworld software, incorporating sophisticated colour
region searching facilities (' http:/dib.cs.berke ey.edw/photos/blobworl d/).

Visual SEEK

The VisudSEEk system s the firgt of a whole family of experimenta systems developed at
Columbia University, New York. It offers searching by image region colour, shape and spatia
location, as well as by keyword. Users can build up image queries by specifying areas of defined
shape and colour at absolute or relative locations within the image. The WebSEEK system ams
to facilitate image searching on the Web. Web images are identified and indexed by an
autonomous agent, which assigns them to an gppropriate subject category according to associated
text. Colour histograms are a'so computed from each image. At search time, users are invited to
select categories of interest; the system then displays a sdlection of images within this category,
which users can then search by colour similarity. Relevance feedback facilities are adso provided
for search refinement. For a demondration of WebSEEK in action, see
http://disney.ctr.columbia.edw/WebSEEK/ Further prototypes from this group include VideoQ , a
video search engine dlowing users to specify motion queries, and MetaSEEK, a meta-search
engine for images on the Web.

MARS
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The MARS project a the Universty of lllinois is amed a developing image retrievd systems
which put the user firmly in the driving seat. Relevance feedback is thus an integrd part of the
system, as this is fdt to be the only way a present of capturing individud human smilarity
judgements. The system characterizes each object within an image by a variety of features, and
uses arange of different smilarity measures to compare query and stored objects. User feedback
is then used to adjust feature weights, and if necessary to invoke different Smilarity measures. A
demondtration of the MARS system can be viewed at http://jadzia.ifp.uiuc.edu:8001/

Informedia

In contrast to the systems described above, the Informedia project was conceived as a multimedia
video-based project from the outsat. Its overdl aims are to dlow full content search and retrieva
of video by integrating speech and image processing. The system performs a number of functions.
It identifies video scenes (not just shots) from andysis of colour histograms, motion vectors,
speech and audio soundtracks, and then automatically indexes these ‘ video paragraphs according
to sgnificant words detected from the soundtrack, text from images and captions, and objects
detected within the video dlips. A query is typicdly submitted as speech input. Thumbnails of
keyframes are then displayed with the option to show a sentence describing the content of each
shot, extracted from spoken dialogue or captions, or to play back the shot itsdf. Many of the
system’ s strengths stem from its extensive evaluation with a range of different user populations .
Its potentid agpplications include TV news archiving, sports, entertainment and other consumer
videos, and education and training. The Informedia webdte is a http://informedia.cs.cmu.edu/;
the Mediakey Digitd Video Library Sysem from Idip Media Inc, a commercidly-available
system based on Informedia technology, is at http://www.idip.com/fprod.htm.

Surfimage

An example of European CBIR technology is the Surfimage system from INRIA, France [Nastar
et d, 1998]. This has a smilar philosophy to the MARS system, using multiple types of image
feature which can be combined in different ways, and offering sophisticated relevance feedback
faciliies.  See  http:/lmww-syntim.inriafr/htbin/syntinVsurfimage/surfimagecgi for  a
demongtration of Surfimagein action.

Netra

The Netra system uses colour texture, shagpe and spatid location information to provide region-
based searching based on loca image properties. An interesting festure is its use of sophigticated
image segmentation techniques A Web demondration of Netra is avalable a
http://vivaldi.ece.ucsh.edu/Netra

Synapse

This system is an implementation of retrieval by appearance using whole image matching. A
demondration of Synapse in action with a variety of different image types can be found at
http://cowarie.cs.umass.edu/~demo/.

6. SEARCH ENGINES
Some of the search engines for image searching are listed below:

Picsearch

http: //mwww.pi csear ch.cony

Image search engine that is family friendly, smple to use and informative, for finding images,
pictures, photographs or animations on the web. The search interface is available in English,
German and Swedish.

Ditto
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http://ditto.cony
The visud search engine that provides a unique way to visudly search the web for pictures,
images and photos.

Animation Search
http: //mwwv.animationlibrary.conv

Over 13,000 animations and a very powerful search engine to navigate through them.

Kamat House of Pictures
http: //Amwww.kamat.convpi ctur ehouse/

Photographic and picture search engine on India

Fagan Finder — Images
http: //mww.faganfinder .convimg/index.shtml
Search for graphics, photos, and clip-art, with the Internet's largest picture search toals, dl on one

page.

Ithaki Meta Search
http: //imwww.ithaki .net/images/
Metacrawler that finds picturesin 8 image search engines smultaneoudly.

3Dup
http://3dup.conv
Search engine for 3D, multimedia and audiovisud industry. 11 Languages.

L andscape Ar chitecture | mage Resour ce
http://mww.lair.umd.edu/default.htm

The LAIR website is a searchable database of over 3,200 catalogued landscape images which are
available for use for educationd purposes.

PicturesNOW!

http: //mww. pi ctur esnow.com

A powerful visud search engine and content solution for browsing and searching the webs largest
free picture network. Still and streaming media includes sports, entertainment, autos, fine art,
animas.

L ockheed Martin Digital Photo Collection
http: //mww.photos.exter nal.Imco.conv

Image base of aviation images. Approximately 1000 images in this collection, images are free for
educationd or editoria use.

Mukpuddy Animation

http: //mww.mukpuddy.com

Insanity is free, come get some! Totaly origind web cartoons starring Dirk Banzai and Skid &
Hokey

Internet Image Search Engine
http: //mww.photoseek.net/

Search engine for finding free photos, images and pictures on many different subjects.

Google Image Search
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http: //images.google.conm/
Beta verson works on text in file names and captions only not content-based.

PixelFind Web Graphics Search Engine

http: //mwww.pixel find.comindex.shtml

Find free graphics for web Stes backgrounds, lines, bullets, icons, dip-art, more. Completely
searchable and categorized.

Altavistal mageSear ch
http: //Awww.al tavi sta.conmvcgi-bin/query?mmdo= 1& stype=simage
Find images and photos on the web, or through one of Alta Vigtals media partners.

1. CONCLUSON
Although university researchers may experiment with standaone image retrieval systems to test
the effectiveness of search adgorithms, this is not at al typica of the way they are likely to be

used in practice. The experience of al commercia vendors of CBIR software is that system
acceptability is heavily influenced by the extent to which image retrievad capabilities can be
embedded within users overal work tasks. Trademark examiners need to be able to integrate
image searching with other keys such as trade class or gatus, and embed retrieved images in
officid documentation. Engineers will need to modify retrieved components to meet new design
requirements. It isimportant to stress that CBIR is never more than the means to an end.
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