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6. Image Retrieval

6.1 Introduction

The chapter deals with image features, characteristics of image databases used
and proposed methods for image retrieval. The image refrieval has been carried out
on the basis of:

Color codes of entire image
Foreground color codes
Foreground shape correlation
Combination of foreground color codes and shape correlation
With selectable percentage proportion of weight of foreground
color codes and foreground shape correlation for composite
similarity measure
Similar face - images containing complex background
The performance of retrieval methods has been evaluated with Precision, Recall, F -
measure and P — R curves for various images of different classes and categories. Query
responses of some example-images have also been presented. The method and results
of face extraction and similar-face-image refrieval are covered lastly in the chapter.
The retrieval of similar images needs to meet two extreme requirements — {i)
Retrieve only similar images and (i) Retfrieve as many as possible similar images. The
performance indicator for the first requirement is Precision whereas that of the second is
Recdall. (Section 3.3). An attempt to improve Precision by either incorporating stringent
features or strict image similarity comparison-measures for excluding dissimilar images
ends up in exclusion of similar images as well, adversely affecting the Recall. On other
hand, an attempt to increase the number of retrieved similar images leading to
improvement in Recall by incorporating broader features or relaxed similarity-measures
ends up in retrieving more number of similar images along with dissimilar images,
adversely affecting Precision. Thus a ‘good’ CBIR system should retain maximum

possible Precision for higher Recall for large image databases consisting of variety of
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images. Section 2.8 - Our Observations and Section 2.9 - Our Approaches for image
retrieval may be referred for details.

The proposed methods for image retrieval are based on two streams of
techniques. The first stream follows broader image descriptors - Color codes and
corresponding histograms. Whereas, the second stream follows reliable processing
leading to precise detection of prominent boundaries eventually revealing foreground.
Image retrieval based on whole image comparison has been carried out with broader
image descriptors for retrieving images having similar color code distribution. The other
methods are based on foreground of the images. The extracted foreground has been
utilized for comparison of objects contained in it. The correlation coefficients have been
used as similarity comparison-measure for matching shape of the foregrounds. The
other three methodologies combine aforesaid two streams of techniques for image
retrieval. The first combinational technique is based on similarity comparison of
foreground color codes. The second combinational technique is based on color-codes
and shape of the foreground with selectable proportion of weight of shape & color-
code in composite similarity-measure. And the third one is the combinational technique
applied for application specific CBIR for similar-face image retrieval.

Thus, our approaches for image retrieval techniques exploits reliable processing
resulting precise features for better Precision and broader image features for better
Recall. The methods are novel for the extracted features and their use for image

retrieval.
6.2 Image Features

Figure 47 shows the block diagram for extraction of features for the
developed CBIR system. Parameters given as input includes selected image name for
single image processing or folder name for bulk processing and wavelet decomposition
level.

The extraction of image features can be carried out either for one image
or for all images stored in a folder for supporting addition of an image into existing
image database and to facilitate bulk processing respectively. The color code features
of image can be separately extracted. The option of extracting all features take out all
features - prominent boundaries based and color code based. The extracted features
stored in appropriate data structures are preserved in secondary storage as a file

corresponding to the image. The unknown dimension of various extracted features (i.e.
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number of contours, number of vertices in contours) and their processing enforced

-exhaustive applications of programming-skills & utilization of Maflab-features.

Input _of Parameters

y |

Extraction » Storage of -

of Color Extraction of ;

Code Features
All Features

Features

h i
F N 3
Single image All Images of the Folder

Figure 47. Block diagram - Feature extraction.

The extrac’red image features listed in Table 5, can lé)é categorized as
o Image atfributes - Name (Pdfh), type & dimension.
o Color fectures - Color codes, Histograms
' o Boundaries based features - Regional attibutes , edges

o Foreground related atiributes — boundaries based and color features for

foreground

o Face region features
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Table 5. Extracted features,

Sr.

Features

No. ;

1 Path of the image.

2 No of rows of the image.

3 No of column of the image.

4 Image type.

5 Normalized global histogram of the image. For R G and B channels. Not
utilized at present. ,

6 Normalized cuMulofive global histogram of the image. For R G and B
channels. Not utilized at present.

7 | Colorcodes. ’

8 Normalized histogram of color codes. '

Normalized cumulative Histogram of color codes. Not utilized at present.

10 | Thinned edges. '

11 | Foreground regions of the image.

12 | Background regions of the image.

1A3 Watershed pixels. -

14 | Composite promiﬁence measure,

15 | Labeled regions.

16 | Labeled regions converted to RGB image.

17 | Image category. Presently desc.ribing ‘face’ or ‘unknown’.

18 | Extracted face. | -

| 19 | Regions corresponding to color codes of whole image.

20 | Sorted histogram of color codes of whole image.

21 | Regionsindices, sorfed for region area. Regions are found following
prorhinenf boundary based approach.

22 Regfoncﬁ attributes for regions of whole image. Arec, Centroid, Bounding
box, Exirema, Extent, Solidity (given by Area/ConvexAreq}, Eccentricity,
Convex hull, Minor axis length, Major axis length, orientation.

23 | Normalized Un-segmented foreground region of the imqge.

_ 24 | Un-segmented foreground of the image.
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Table 5 (Contd.), Extracted features.

Sr. . - Features
No.
25 | Normadlized global histogram of foreground of the image. ForR G and B

channels. Not utilized at present.

26 | Normalized cumulative global histogram of foreground of the inﬁcge. ForR

G and B channels. Not utilized at present.

27 | Color codes for foreground.

28 | Normadlized histogram of color codes of foreground.

29 | Normalized cumulative Histogram of color codes of foreground. Not utilized

at present.

30 | Regions correspondihg to color codes of foreground.

31 | Sorted histogram of color codes of foreground.

32 | Ratio of two axes of Exirema corresponding to normalized face region. Not

utilized at present.

33 | Ratio of other two axes of Extrema comresponding to normadlized face

region. Not utilized at present,

34 | Ratio of Minor axis length to Major axis length of the ellipse that has same

normalized second central moments as the face region.

35 | Orientation of face region. Angle in degree between x-axis and the major
axis of the ellipse that has same second moments as the face region.

36 | Average of foreground region color code.

37 | Ratio of foreground area to imcgé area indicating percentage
contribution of foreground region in the image.

38 | Two additional extra feature fields Incorporated for future needs.

Thé célor codes are used to describe color attribute of pixels of images. A color
code represém‘s a set of colors of RGB-color space. Total of 27 color codes are used to
represent entire range of RGB color space. The pixels assigned with color codes
effectively segments the image by forming regions consisting of pixels with same color -
~codes. Figure 48 and Figure 49 (a) illustrate the color codes assigned to.pixels résuh‘ing
info segmentation of image. The labeled regions. of identical color {same color —

codes) are shown with same color in the segmented images. Figure 49 (b) Left is a
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separated region of colors corresponding to flowers whereas Figure 49 (b) Right is for the
regions corresponding to green leaves.

Refer Annexure 4, Section A-4.4 for details of proposed novel color codes and
results of segmentation applied on images of standard databases of BSDB [Fowlkes, on
line] [Martin, 2001] and SIMPLIcity [Wang, 2001],

Figure 48. Color - code based segmentation.

Figure 49. Color - code based segmentation & regions corresponding to two color-codes.

6.3 SIMPLIcity Image Database [Wang, 2001] [SIMPLIcity, on line] -

Classes & Characteristics

The dataset consists of total 1000 images of 10 classes and 100 images per class.
Images are of medium resolutions and reasonable size. The test set has used by many
researchers for the purpose of CBIR. Table 6 describes characteristics of image classes.
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Table 6. SIMPLIcity Image Database |Wang, 2001! [SIMPLIcity, on line| - Classes and Characteristics

Sr.

NG Class Name Characteristics Sample Images

Single or group of tribal-inhabitants in
different poses with different

Tribal people backgrounds; Colored faces; typical
tribal-dressing;
Sea, sand, sky with clouds; sea-shore
Seashore ) . . i )
objects; Images cover distant objects;
Majority of sculpture images captured
Sculpture as distant objects having sky as
background;
Mostly single bus, covering major
Bus portion of images; Differently colored
various types of buses with different
backgrounds.
Dinosaur Different types of dinosaurs with non-
textured multi-colored backgrounds;
Elephant Single or mul.tlple elephants in different
backgrounds;
Different types and colored flowers
Flower . ) . . .
covering major portion of images;
Single or multiple horses in different
Horse )
backgrounds;
Mountain Mountains and sky

Served Food on Typical images of different types of
Restaurant-table served food on restaurant-tables;
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6.4 ALOI Image Database [ALOI, on line] [Geusebroek, 2001]

Amsterdam Library of Object Images (ALOI) provides a collection of color images
of one-thousand small objects, recorded for scientific purposes. Over one hundred
images per object were captured systematically in controlled conditions for varied
viewing angles, illumination angles and illumination colors for the sensory variation in
object recordings. The images were captured by one of five lights turned on for 15
different illumination angles, 12 different illumination color configuration and 72 object
view point variations. Produced smooth variations in intensity and shadows in different
directions and parts of wide variety of objects offer a comprehensive test set for
studying segmentation and feature extraction issues. Figure 50 shows few sample-
images of an object recorded with such variations.

The test set consisting of some of the images of ALOI [ALOI, on line] [Geusebroek,
2001] database has been used as one of the databases for image retrieval techniques
for studying effects of aforesaid variations on foreground shape and foreground color

codes.

Figure 50. ALOI sample images [ALOI, on line] [Geusebroek, 2001].

6.5 Proposed Techniques

The proposed techniques, based on Color codes of entire image, Foreground
color codes, Foreground shape correlation and Combination of foreground color
codes & shape correlation follow steps mentioned below for image retrieval. Like all
CBIR techniques, incorporated image features and method for computation of similarity
measures differentiate methods and their respective performances for retrieval of
images. The proposed methods consist of three phases - () Input reading (i) method
specific image-feature reading & processing for similarity measures and (i) output /
presentation. The method-specific Step 3 and Step 4 are presented in respective

sections of proposed methods. The generic steps for proposed methods are:
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Step 1: Read - name of selected query image, name of seiecféd target folder.
and image to be searched for. Perform validations for inputs.

Step 2: Read names of files containing all image features.

Step 3: Read (or extract) required image-features for the duer'y image.

Step 4: Forevery fmage—feature»ﬁle of target folder,
Read comresponding image-features of the image-feature-file of target
folder
Calculate (dis)simiio}ify_index i for it image of the database.
Preserve path of data base image, needed for display.

Step 5: Read similarity cut-off. o

Step 6: Sort calculated (dis)similarity indices in descending order.

Step 7: Count no of images having better similarity index than the similarity cut-
off. Prepare for proper presentation of results. ‘

Step 8: Display dll similar images having better similarity index than the similarity
cut-off, in order of decreasing similarity (from left to right, row wise}). |

Algerithm 4. Generic steps for proposed image retrieval methods N
The GUI [Annexure 2} based developed CBIR system runs on a stand-alone

machine. The database can be expanded by adding images into any folder which can
be processed subsequently for feature extraction at once with a mouse click. .In
absence of indexing mechanism, features are stored in files. A user will be prompfedf to
- carry out feature extraction of a query image, if not done earlier with help of the GUI for
that single image. The preprocessihg of-a query image is adopted by considering the
high time complexity of algorithms oh_d repetition in the experimentations. For real fime
deployment of the system, query preprocessing can be eliminated.
Similarity cut-off selection is to be carried out by user with GUL. Lower similarity
cut-off signifies higher permitted dissimilarity in the retrieved images.
" The image-query response gets presented in a Matlab Figure-window containing
a grid of 4 x 4 thumbnail-images along with their storage path.
6.6 Whole Image Color Codes Based CBIR
The proposed method for image retrieval enabies user to perform search on the
basis of color attributes of entire image. The color code assigned fo a pixel is
designated for broadly describing the color of pixel. Being a broader descriptor, a color

code can accommodate pixel color variations without affecting comresponding color
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feature. The proposed technique compares normalized global histogram of color codes
constructed for entire query image with that of images of the database for measuring
color distribution similarity. The steps involved in reading of image features, their
processing and computation of similarity index are shown below. These method specific

steps replace corresponding generic Steps 3 & 4 of Algorithm 4, Section 6.5.

The method specific steps are:
Step 3: Read (extract) whole image color code features of given query image.
Step 4: For every image-feature-file of target folder,
Read corresponding whole image color code features of the image-
feature-file of target folder.
Calculate (dis)similarity_index i = ) abs{hg— hj) . for 1 <j<=number of
bins,
Where,
hgj indicates j " bin of normalized histogram of color codes for the
query image.
hj indicates | ™" bin of normalized histogram of color codes for it

image of database .

Preserve path of data base image, needed for display.
Algorithm S. Whole image color codes based image retrieval.

6.6.1 Performance Evaluation

The performance of the method has been tested on image database of
SIMPLIcity [Wang, 2001] [SIMPLIcity, on line] consisting of 1000 images. Exhaustive
performance evaluation has been carried out for four classes of database — Bus, Horse,
flower and dinosaur. Recall, Precision and F —-measure are computed for sample queries
of each class of images. The performance measures for different similarity cut-offs have
been tabulated for comparison. Average Recall, Average Precision and Average F -
measures for the class are tabulated and plotted along with P — R curves for query
responses.
6.6.1.1 Query Image Class: Bus

o The performance evaluation on image database [Wang, 2001] [SIMPLIcity, on
line] consisting of 1000 images has been shown in Table 7 for
11 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different

similarity cut-offs &
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I 56 queries

0 The selected query images possess variations in object-poses, number of

foreground objects, object-colors, backgrounds and illumination conditions.

Table 7. Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Bus.

Query Image

300.ic

310.jpg

358.ir

315.ii:

319.ii

B T— NFr

Similarity
cut-off

25

30
40

88

70

25
30
40

60

25
30

40
50

60

25

30
40

50
60

25
30
40

50
60

25
30

40
50

60

Retrieved

relevant

images -
rr

53

45

25
13
4
!

55
46
30
19
7

68
60
31
17
7

33

27
13
6
3

32

24
15
6
2

27
22
9
5

!

total
retrieved
images -

total

82

65

31
16
6
!

70
54
33
19
7

99
75
37
18
7

105
80
35
14

72
51
26
10

184
140
61
23

Total
relevant
images in
the
database -
Total

100

100

100

100

100

100

Recall
r=rr/
Total

0.53
0.45
0.25
0.13
0.04
0.01

0.55
0.46
0.3
0.19
0.07

0.68
0.6
0.31
0.17
0.07

0.33
0.27
0.13
0.06
0.03

0.32
0.24
0.15
0.06
0.02

0.27
0.22
0.09
0.05

0.01

Prec
ision
P =
rr/
total

0.64
0.69
0.81
0.81
0.66
1.00

0.79
0.85
0.91
1.00
1.00

0.69
0.8
0.84
0.94
1.00

0.31
0.34
0.37
0.43
0.6

0.44
0.47
0.58
0.6
1.00

0.14
0.15
0.15
0.21

0.14

F

meas
ure =
2/
/P +
1/
0.58
0.54
0.38
0.22
0.08
0.02

0.65
0.60
0.45
0.32
0.13

0.68
0.69
0.45
0.29
0.13

0.32
0.30
0.19
0.11
0.06

0.37
0.32
0.24
0.11
0.04

0.18
0.18
0.11
0.08

0.02
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Table 7 (Contd.). Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Bus.

Total Preci

Retrieved total relevant . meas

Similarity relevant retrieved images in Recall - sion =

Query Image . . r=m/ p= U

cut-off images - images - the Total - 2/
I total database total QP+

- Total 1/r)

365 jpg 25 60 174 0.60 0.34 0.43
' 30 52 132 0.52 0.40 0.45

] 40 35 68 100 0.35 051 0.42

r | 50 1 18 0.11 0.61 0.19

1 60 5 8 0.05 0.63 0.09
388.jpg 25 62 101 0.62 0.61 0.61
30 50 78 050 061 0.55

40 33 46 100 0.33 071 0.45

50 1 17 0.11 0.65 0.19

A -MWi 60 8 9 0.08 0.89 0.15
366.jpg 25 26 187 0.26 0.13 0.17
30 19 145 0.19 0.13 0.15

40 8 88 100 0.08 0.09 0.08

50 5 47 0.05 0.10 0.07

Vi i 60 5 15 0.05 0.33 0.09
344.jpg 25 43 54 0.43 0.80 0.56
o~ 30 37 41 0.37 0.90 0.52

40 23 23 100 0.23 1.00 0.37

50 15 15 0.15 1.00 0.26

60 5 5 0.05 1.00 0.10

369.jpg 25 48 138 0.48 0.35 0.40
30 40 102 0.40 0.39 0.39

40 20 46 100 0.20 043 0.27

50 8 13 0.08 0.62 0.14

' 60 4 5 0.04 0.80 0.08

The average Recall and average Precision for the query image class bus for
different similarity cut-offs have been tabulated in Table 8. Corresponding P - R curves
of sample queries of the table along with average Precision & average Recall are
shown in Figure 51. Average Precision, average Recall and average F-measures for

different similarity cut-offs for the query images of Table 8 has been plotted in Figure 52.
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Table 8. Average Recall. Average Precision & Average F -measure. (Whole image color codes). Class - Bus.

Similarity Average Average Average F measure
cut-off Recall Precision =2/ (1/Avg.p + 1/Avg.r)

25 0.46 0.48 0.47

30 0.38 0.52 0.44

40 0.22 0.58 0.32

50 0.11 0.63 0.18

60 0.05 0.73 0.09

70 0.01 1.00 0.02

P - R Curves ( Whole Image Color Codes) Buses

@ 0 (Q 1 (8% (0 (07096°

" daldd dibh

Figure 51. P- R curves (whole image color codes). Class - Bus.

Average Precision, Recall & F Measure at
Different Similarity Cut-off Values: Whole
Image Color Codes - Buses

-Average Precision
- Average Recall
Average F-Measure

Figure 52. Average Precision, Average Recall, Average F - measures verses Similarity cut-offs. (Whole image color codes).
Class - Bus.

Following points are observed:
o The nature ot obtained P - R curves matches with the practical P - R curves,

o Stricter similarity cut-off increases the Precision at the cost of Recall.
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o Despite vast variations in bus colors, background, poses and illumination
conditions, high recall with good precision is achievable for many sample
queries.

o For many queries, Precision of 1.0 is achieved.

o The Precision and recall are poor for query images having orange / yellow
colored buses as other image-classes contain images of similar color
distribution.

o Range of average performance measures for the class

100 % of average Precision for | % of average Recall
+ 48 % of average Precision for 46 % of average Recall
I Giving 52 % of fall in average Precision to raise average Recall by 45 %

o The value of average Recall at average Precision of 0.5 is 0.41 - a reasonably
good performance measures.

o Increase in the user selected similarity cut-off indicates higher threshold for the
similarity measures for retrieving very similar images. As a result, average
Recall falls down due to elimination of images having lesser similarity and
average Precision increases as retrieved images are very similar due to higher
cut-off resembling Precision - Recall behavior of any practical CBIR system.

6.6.1.2 Query Image Response Examples: Class - Bus

The query responses of a bus image [Wang, 2001] [SIMPLIcity, on line] at two

different similarity cut-offs have been shown in Figure 53 and Figure 54.

Query Image Image Database

310jpg Size: 1000
Response at Similarity cut-off 60
rr-7,total - 7, Total - 100, r - 0.07 , p - 1.00
e:UEUimage,ohgUtest1UtmpU310jpg e UEWimage origUtest1lUtmpU331 jpg e UEUimage.origUtest1UtmpU316 jpg e UEUimage ongUtest1UtmpU3I3.jpg

e UEEUimage origUtestn\tmpU308 jpg e UEWimage origUtest1UtmpU328.jpg e UEUimage origUtest1UtmpU381 jpg

Figure 53. Query response ofa bus image at similarity cut-off 60.
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Response at Similarity cut-off - 40

rr- 30, total - 33, Total - 100, r- 0.3, p-0.91

e UEUimage ongUtestiU310.jpg

e UEUimage origUtest1U308 jpg

e UEUimage origUtestiU306.jpg

e UEUImage.ongUtestlU326.jpg

e:tEUimage.ongtitestlUtmpU368 jpg

e UEUimage.ortgUtest1UtmpU302.jpg

e:UEUIr 40 jpg

UEUimage origUtestl UtmpU302 jpg

eitEUimage origUtest 1UtmpU330 jpg

e UEUimage.origUtestn\331 jpg

e UE 28.jpg

e UEUimage origUtest1U334 jp

e UEUimage orig\\test1U366jpg

e UEUimage origUtestiUtmpU3S2 jpg

e UEUimage ongUtestn\tmpU377 jpg

e UEUimage ongutest1Utmpu320 jpg

e UEUimage OftgUtest1UtmpU388 jpg

of Content Based Image Retrieval Algorithms

Image Database
Size: 1000

e UEUimage ongUtest1U3I 6 jpg

WIF?j *

e UEUimage origUtest1U381 jpg

e UEUimage origUtest1U357 jp

e UEUimage ortgUtest1U364.jpg

e:UEUimage.ongUtestiUtmpU364 jpg

e UEUimage ongUtestiUtmpU373 jpg

e:UEUimage.origUtestl UtmpU686 jpg

erUEUimage ongUtestiUtmpU83s jpg

e UEUimage.origUtest1U313 jpg

e UEUiinageorigUtest1U361 jpg

e UEUimage.ongUtestiW344 jpg

e UEUimage ongutest1U385 Jpg

e UEUimage origUtestlutmpU30I jpg

warn

e UEUimagearigUtest1utmpU336|pg

e UEUimage origUtest1UtmpU344_Ig_1 jpg

e UEUimage origUtestiutmpu336 |pg

Figure 54. Query response ofa bus image at similarity cut-off 40.
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6.6.1.3 Query Image Class: Horse

o

The performance evaluation on image database [Wang, 2001] [SIMPLlIcity, on

line] consisting of 1000 images has been shown in Table 9 for

» 6 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different
similarity cut-offs &

v 29 queries

The selected query images possess variations in object-poses, number of

foreground objects, object-colors, backgrounds and illumination conditions,

The foreground objects constitute relatively lesser percentage-portion of the

image compared to image class bus.

Relatively less variations in the background color distributions among images

of the class.

Table 9. Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Horse.

Total Prec F
Retrieved total relevant Recall  ision
Similarity relevant retrieved imagesin measur
Query Image . . r=r/ p= e=2/
cut-off images - images - the
Total rr/ /P +
I total database
total 1/r)
- Total
700.jpg 25 53 92 0.53 0.57 0.55
30 51 81 0.51 0.63 0.56
40 34 56 100 0.34 0.61 0.44
50 17 27 0.17 0.63 0.27
60 7 13 0.07 0.54 0.12
70 3 5 0.03 0.6 0.06
R ) ) 25 71 96 0.71 0.74 0.72
725jpgMi 3 69 93 069 074 072
40 61 73 100 0.61 0.84 0.71
50 48 54 0.48 0.89 0.62
60 27 36 0.27 0.75 0.40
70 13 15 0.13 0.87 0.23
744.jpg 25 33 53 0.33 0.62 0.43

30 26 42 0.26 0.62 0.37

40 14 21 100 0.14 0.67 0.23
e 50 7 1 0.07 0.64 0.13
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Table 9 (Contd). Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes).

Query Image

Similarity
cut-off

Class - Horse.

Retrieved

relevant retrieved
images - images -

total

total

78
73
57
41

23

95
86
70
55
34
14

Total
relevant
images in
the
database
- Total

100

100

Recall
r=rr/
Total

0.7
0.68
0.54
0.41
0.23

0.81
0.76
0.65
0.54
0.33
0.14

Prec
ision
p =
rr/
total

0.90
0.93
0.95
!
!

0.85
0.88
0.93
0.98
0.97
1.00

F
measur
e=2/
P +

1/r)

0.79
0.79
0.69
0.58
0.37

0.83
0.82
0.76
0.70
0.49
0.25

The average Recall and average Precision for the query image class horse for

different similarity cut-offs has been tabulated in Table 10. The P - R curves for sample

queries of the table and corresponding average Precision & average Recall are shown

in Figure 55. Average Precision, average Recall and average F-measures for different

similarity cut-offs for the query images of Table 10 have been plotted in Figure 56.

Table 10. Average Recall, Average Precision & Average F - measure. (Whole image color codes). Class - Horse.

Similarity
cut-off
25
30
40
50
60
70

Average
Recall

0.55
0.52
0.41
0.30
0.25
0.13

Average
Precision

0.76
0.80
0.81
0.85
0.85
0.87

Average

0.64
0.63
0.55
0.45
0.39
0.23

F measure =2/ (1/Avg.p + 1/Avg.r)
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P - R Curves (Whole Image Color Codes) Horses

T B
w550,
YR
* 18
> T
T 00
*Average

Precision
0000 0 O

1 Expon. (Average)

0.2 0.4 0.6 0.8 1

Recall

Figure 55. P- R curves (whole image color codes). Class- Horse.

Average Precision, Recall & F Measure at
Different Similarity Cut-off Values: Whole
Image Color Codes - Horses

Average Precision
-m-—Average Recall

Average F -
Measure

Similarity Cut-off

Figure 56. Average Precision, Average Recall, Average F - measures verses Similarity cut-offs. (Whole image color codes).
Class - Horse.
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Following points are observed:

o]

The nature of obtained P — R curves is close to ideal P - R curves for some of -

the query images.

For the variations in colors & poses of foreground objects, background and
flumination conditions, high recall with good pirecision is achievable for many

sample queries.

Stricter similarity cut-off increases the Precision at the cost of Recall.
For many qUeries, Precision of 1.0 is achieved.

For many queries, Recall grec’rer than of 0.7 is achieved,

The uniqueness of the background colors combmed with foreground colors :
ends up with color distributions not common in the images of other classes

giving very good performance measures.

Range of average performance measures for the class
87 % of average Precision for 13 % of oVeroge Recall
76 % of overoge Precmon for 55 % of average Recadll

Giving only 11 % of foll in average Precision to raise average Recoll by
42%.

The exponentially extended trend ine is well above Precxsxon = (0.5} line and
does not intersect average Recall till its maximum possible value, implies more
than 50% of average Precision for all average Recall values indicating

exceptionally good performance measures.

6.6.1.4 Query Image Response Examples: Class - Horse

The query response of a horse image [Wang, 2001] [SIMPLIcity, on line] at.

similarity cut-off 25 has been shown in Figure 57. The Recall of 71% with Precision of 73%

at similarity cut-off of 25 is remarkable, giving 0.72 as F-measure. The query response of

another image consisting of two horses has been shown in Figure 58 giving 100 %

precision with Recall of 14%.
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Query Image
725.jpg

Response gt Similarity cut-off - 25

rr-71 , total - 96, Total-100, r-0.71 ,p-0.73

e UEUimagB ongUtest|UImpN725 jpg

e UEUtmage origUtest1UtmpU7i 6 jpg

e UEUimage ongUtestiUtmpU760 jpg

e UEUimage ongUtestl UtmpU707 jpg

e UEUimage ongUtestlUtmpU77D jpg

e UEUimage ongUtestlUtmpU1 53 jpg

e UEUimage ongUtestiUtmpu729 jpg

e UEHvnage OhgUtest1\UmpU764 jpg

e UEUimage ongUtestiUtmpU70S jpg

e UEUimage ongUtest|UtmpU797 jpg

e UEUimage ongUtestl UtmpU790 jpg

e UEUimage ongUtest UtmpU778 [pg

Image Database
Size: 1000

e UEUtmage ongUtest1utmpU788jpg

e UEUimage.origutest1UtmpU726.jpg

e UEXUmage ongUtest1UtmpU789 jpg

e UEUimage ongUtestiUtmpU733 jpg

e UEUimage ongUtest! UtmpU730 ipg

e.UEUimage ongUtestl UtmpU783 jpg

e UEUimage origttteetlUtmpU706 jpg

e UEUimage ongUtestl UtmpU4 jpg

e UEUimage ongUtest|UtmpU676 jpg

e I'EUimage.origUtest1UtmpU734 jpg

e UEUimage ongUtestl utmpU749 jpg

e HEXumage ongUtest1UtmpU736 jpg

Figure 57. Query response of a horse image at similarity cut-off25.
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e UEMimageongUtesH UtmpW747.jpg

e:UE\Umage.ortgUtest1Utmp\\7Sajpg

e UEUimage ong\\testUUmpU766 jpg

el\E\limaga.ongUtest1\UmpU793jpg

e ttE\*image.origtttest1\Ump\\757 jpg

e UEUimage ongUtest1WtmpN708 jpg

e UEUimage ongUtestlutmpN792 jpg

e \\EUimage.origUtest1tttmp\7SI jpg

e UEWimage origUtestU\tmpU796 jpg

e \UE\\image origUtest1\tmpU700 jpg

e ttEUimage ongUtest1\\tmpU34 jpg

e >\EV.image origtttest1tttmpU731 |pg

e \*EUimage origUtestHUmpU745 jpg

e\\EUimage.ong\\test1Utmptt70l jpg

e UEUimage.ongUtest1tttmpU792 jpg

&UEUimageongUtest1UtmpH794 jpg

e:UEUimage.origtttest1tttmpU739jpg

e ViB\image origUtest1UtmpU743 jpg

e UEUimage ongUtest1UtmpU799 jpg
e UEUimage ongUtest1UtmpU680 jpg

e UEHimage ongUtestintmpU746 jpg

%IU
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e '[EUimage OrigUtestHttmpU768.|pg

e HEUimage OrigUtest1UtmpU711 jpg

e <tEl>image ongUtest1UtmpU704 jpg

e tIEUimage origUtesmitmpU766 jpg

eWEUimage origHtestHUmpI*710.jpg

e UEUimage origtttest1Utmp\(721 jpg

e UEUimage origUtest1\tmpU775 jpg

Figure 57 (Contd.). Query response of a horse image at similarity cut-off 25.
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e:UEUimage.origUtest1UtmpUS3jpg

eUEUiImageongUtest1UtmpU724.jpg

e UEUimage origUtest1utmpU781 jpg

V-i

e UEUimage.ongUtestiutmpW535jpg

eUEUimage.origUtestiUtmpUSO! jpg

e:UEUImage.orlgUtestiUtmpU713 jpg

e UEUimage.origUtest1UtmpU679.jpg

e UEUimage origUtest! utmpU723jpg

e.UEUimage origUtest! UtmpU867jpg

e UEUimage origUtest! UtmpU776 jpg

e UEUimage origUtest! UtmpU86S |pg

e itEUimage origUtest!UtmpU33 jpg

e UEUimage origUtest! UtmpU966 jpg

e UEUimageongUtest!UtmpU737 Jpg

e UEUimage ongUtest!UtmpU48 jpg

e UEUimage origUtest! Utmpi\792 jpg

e.UEUimage. origUtest1UtmpU712 jpg

eUEUimage origUteetlUtmpUfi)! jpg

e UEUimage origUtest!UtmpU744 jpg

eUEUimage ongUlesHUtmpUS74 jpg

e.UEUimage.origUtest! UtmpU761 jpg

e UEUimage origUtest!UtmpU79l jpg

e UEUimage origUtest1UtmpU14 jpg

e:UEUimage.orifitttesliUtmpU736 jpg

e.WEUimage.origutestiUtmpU7a9.jpg

e:UEUimage.origutestiutmpU7S9 jpg

e UEUimage origUtest1UtmpU247jpg

e:UEUimage.origUtesm\tmpueoi_bg_Ojpg

e UEUimage origUtest1UtmpU748.jpg

e UEUimage ortgUtest!UtmpU727jpg

e UEUimage origUtest!UtmpU509 jpg

e:UEUimage.ongUtest1Utmpusl jpg

Figure 57 (Contd.). Query response ofa horse image at similarity cut-off 25.
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Image Database

Size: 1000
Response at Similarity cut-off 70
rr- 14,total- 14, Total - 100, r-0.14,p - 1.0
e WEWimage ortguiestnvtmpW70l ipg e WEWimage origWtestiwtmpW742 jpg e WEWimage ongntestlutmpU783.jpg 0 US'image ortgntestiWtmpW765 |pg
e VIEWimage orlgutestiwtmpU794.|pg e WEWimage origWtestnumpW730|pg eWEWimage ortgutestitttmpu758 jpg 9 UE\UmageoflgntestiwtmpW745jpg
e WEWimage ortgWtestHUmpU705.|pg e 75 |pg e origWlestlwtmpW747 jpg e VIEWimage origWtestlUtmpU7i 8 jpg

& WEWimage ongUtestlWtmpW707 jpg e WEWimage origWtestUVtmpW743 jpg

"41.

Figure 58. Query response of another horse image at similarity cut-off 70.

6.6.1.5 Query Image Class - Flower

o The performance evaluation on image database [Wang, 2001] [SIMPLIcity, on
line] consisting of 1000 images has been shown in Table 11 for
10 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different
similarity cut-offs
44 queries
o The selected query images possess variations in object-poses, nhumber of
foreground objects, object-colors, backgrounds and illumination conditions,

o The foreground objects generally constitute significant portion of the image.
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Table 11. Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Flower.

Total F
Retrieved tatal relevant Recall Precision
Similarity relevant retrieved images in measure

Query Image . . r=rr/ p=rr/ =2/

cut-aff images - images - the

Total total amp +
I total database
1/r)
- Total

602.ipq 25 21 28 0.37 0.75 0.49
30 16 21 0.28 0.76 0.41

1 i 1 57
Q «r - 40 13 14 0.23 0.93 0.37
50 9 9 0.16 ! 0.27
60 3 3 0.05 ! 0.10
606.jpg 25 34 43 0.60 0.79 0.68
30 29 31 0.51 0.94 0.66

57
40 17 18 0.31 0.94 0.45
50 9 9 0.16 ! 0.27
60 2 2 0.03 ! 0.07

644.jpg

40 14 20 0.58 0.7 0.64

24
50 13 15 0.54 0.87 0.67
60 5 5 0.21 ! 0.34

655.jpg

40 17 21 57 0.30 0.81 0.44
50 8 8 0.14 ! 0.25
60 3 3 0.05 ! 0.10
656.ipQ 25 4 6 0.44 0.67 0.53
30 4 4 9 0.44 ! 0.62
40 ! 1 01! ! 0.20
50 ! 1 0.11 ! 0.20
60 ! ! 0.11 ! 0.20
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Table 11 (Contd.). Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Flower.

Total
Retrieved total relevant
Query Image Similarity relevant retrieved imagesin
Y 9 cut-off images - images - the
I total database
- Total
25 4 4
NEONpa
30 3 3
57
40 3 3
50 2 2
60 ! !
40 14 18
24
50 6 6
60 2 2
682.jpg 25 9 24
30 5 18
40 4 11 57
ViV 50 2 7
60 ! 2
IH3MI = » =
30 26 28
40 16 16 57
50 7 7
60 3 3
621 .jpg 25 51 56
30 28 31
IVI 40 18 20 57
I 50 8 8
60 5 5

Recall r

=1T/
Total

0.07
0.05
0.05

0.03
0.02

0.58
0.25

0.08

0.15
0.09
0.07
0.03
0.01

0.53
0.46
0.28
0.12
0.05

0.89
0.49
0.32
0.14
0.09

Precision

p=rr/
total

0.78

0.38
0.28
0.36
0.29
0.50

0.86
0.93
1.00
1.00
1.00

0.91

0.90
0.90
1.00
1.00

F

measure

=2/
/P +
1/0
0.13
0.10
0.10
0.07

0.03

0.67
0.40

0.15

0.22
0.13
0.12
0.06
0.03

0.65
0.61
0.44
0.22
0.10

0.90
0.64
0.47
0.25
0.16
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The average Recall and average Precision for the query image class flower for
different similarity cut-offs has been tabulated in Table 12. The P - R curves for sample
queries of Table 11 and corresponding average Precision & average Recall are shown
in Figure 59. Average Precision, average Recall and average F-measure for different

similarity cut-offs for the query images of Table 12 have been plotted in Figure 60.

Table 12. Average Recall, Average Precision & Average F - measure. (Whole image color codes). Class - Flower.

Similarity Average Average Average
cut-off Recall Precision F measure = 2/(1 /Avg.p + /Avg.r)
25 0.44 0.76 0.55
30 0.33 0.83 0.47
40 0.24 0.84 0.37
50 0.17 0.92 0.29
60 0.07 0.90 0.13

P - R Curves (Whole Image Color Codes) - Flowers

—+— 602.jpg

_n_ 606.jpg

> 644.jpg

_e__ 655.jpg

c x 656.jpg
7 —— 675.pg
2 696 jpg
. 682.jpg
618.jpg

621.jpg

1 Average

Expon. (Average)

Recall

Figure 59. P- R curves (whole image color codes). Class- Flower.
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Average Precision, Recall & F Measure at
Different Similarity Cut-off Values: Whole
Image Color Codes - Flowers

—+¢— Avsrage Precision
—a— Average Recall
Average F Measure

Figure 60. Average Precision, Average Recall, Average F - measures verses Similarity cut-offs. (Whole image color codes).

Class - Flower.

Following points are observed:

(o]

The nature of obtained P - R curves is close to ideal P - R curve for some of

the query images and similar to practical P - R curves for majority of query

images.

For the variations in colors & poses of foreground objects, background and

illumination conditions, high recall with good precision is achieved for many

sample queries.

Stricter similarity cut-off increases the Precision at the cost of Recall,

For many queries, Precision of 1.0 is achieved.

Poor Precision and Recall values for image 682.jpg are because of blurred

(filtered) background constituting major portion of the image,

At lower cut-offs, images of colored human faces and served restaurant food

also gets retrieved because of similar visual cues (Figure 61).

Range of average performance measures for the class

+ 90 % of average Precision for average 7 % of Recall

I 76 % of average Precision for 44 % of average Recall

I Giving only 14 % of fall in average Precision to raise average Recall by
37%.

The exponentially extended trend line is well above Precision = (0.5) line and

not intersecting till average Recall value of 1, implies average precision

above 50% for all average Recall values - good performance measures.
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6.6.1.6 Query Image Response Example: Class - Flower
The query response of a flower image [Wang, 2001] [SIMPLIcity, on line] having
typical foreground colors is shown for similarity cut-off of 40 in Figure 61. The Recall is

calculated for total of 57 red / pink colored flower images of the database.

Image Database
Size: 1000

Query Image
655.jpg

Response at Similarity cut-off 40

rr- 17 , fofal - 21 , Tofal - 57, r - 0.298 , p - 0.809

eA\Ettimage.ongtttest1tttmptt666 jpg

ettEttli 538 jpg

e ttEUimage.origUtest1tttmpU923.jpg

e:ttEtttmage ongtttestitttmptt74 jpg

eA”Ettirrage origtttest1Utmptt7 jpg

e:UEttimage ongtttestlUtmpU624 jpg

e UEUimage origtttest1tttmptt662 jpg

e UEUimage o

,Umptt678jpg

e UEUimage ongtttestlUtmptt621 jpg

e-UEttimage origtttestitttmptt82 jpg

e 'Ettimage origtttest1Utmpttftl5 jpg

e:\[Ettimage.origtttest1 tttmptt807.jpg

e UEUimageIgmes&lmmanOQpg

e UEttimage ongtttest1tttmptt669|pg

e:UEttimage ongtttestlUtmptt629 jpg

e UEUimage ongtttestltttmpU618 jpg

e ttE\Umage.origtttest1tttmptt632|pg

e UEUimage origtttBSt1UtmpU612.jpg

e r"Ettimeige origtttest1tttmptt635 jpg

mS

eAlEttimage origtttest1tttmptt66l jpg

e UEUimage ongtttest1UtmpU626|pg

Figure 61. Query response ofa flower image at similarity cut-off40.
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Query Image Class - Dinosaur

The performance evaluation on image database [Wang, 2001] [SIMPLIcity, on

line] consisting of 1000 images has been shown in Table 13 for

I 6 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different
similarity cut-offs &

v 32 queries

The selected query images possess variations in object-poses, object-colors,

The backgrounds are simple, multi-color toned & non-textured.

The foreground objects constitute relatively lesser percentage-portion of the

image compared to image class bus.

Table 13. Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Dinosaur.

Total
Sir_nilar Re}rieved total | relevant Recall Precisi F
ity relevant retrieve Imaqges In — onp= measure =
Query Image cut- images- images - the r'l'_otr;I/ rre 2/ (l/p+
off I total databas total L)
e - Total

406.jpg 25 42 53 0.42 0.79 0.55
30 35 46 0.35 0.76 0.48
40 28 34 100 0.28 0.82 0.42
50 20 24 0.2 0.83 0.32
60 12 14 0.12 0.86 0.21
70 7 7 0.07 ! 0.13

408.jpg 25 52 79 0.52 0.66 0.58
30 48 72 0.48 0.67 0.56
40 28 40 100 0.28 0.7 0.40
50 20 25 0.2 0.8 0.32
60 8 8 0.08 ! 0.15
70 2 2 0.02 ! 0.04

415-jpg 25 13 21 0.13 0.62 0.21
30 1 13 0.11 0.85 0.19
40 6 7 100 0.06 0.86 0.11
50 4 4 0.04 ! 0.08
60 2 2 0.02 ! 0.04
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Table 13 (Contd.). Precision, Recall & F -measure at different similarity cut-offs. (Whole image color codes). Class - Dinosaur.

Total

Similar Retrieved total relevant Recall Precisi F

ity relevant  retrieved imagesin onp= measure =

Query Image cut- images- images - the r‘l'_otr;I/ rr/ 2/ (l/p+
off I total databas total L)

e - Total

429.jpg 25 26 26 0.26 1 0.41
30 22 22 0.22 1 0.36
40 |4 14 100 0.14 ! 0.25
r 50 9 9 0.09 1 0.17
60 5 5 0.05 1 0.10
455.jpg 25 47 75 0.47 0.63 0.54
30 44 61 0.44 0.72 0.55
40 30 35 100 0.3 0.86 0.44
50 14 16 0.14 0.88 0.24
60 6 7 0.06 0.86 0.11
475.jpg 25 49 59 0.49 0.83 0.62
30 44 48 0.44 0.92 0.59
40 28 28 100 0.28 ! 0.44
50 10 10 0.1 ! 0.18
e 1s 60 3 3 0.03 ! 0.06

Table 14 lists the average Recall and average Precision for the query image class
dinosaur for different similarity cut-offs. The P - R curves for sample queries of the table
and corresponding average Precision & average Recall are shown in Figure 62.
Average Precision, average Recall and average F-measures for different similarity cut-
offs for the query images of the Table 14 have been plotted in Figure 63.

Table 14. Average Recall, Average Precision & Average F - measure. (Whole image color codes). Class - Dinosaur.

Similarity Average Average Average
cut-off Recall Precision F measure = 2/ (1/Avg.p + 1/Avg.r)
25 0.33 0.75 0.46
30 0.34 0.82 0.48
40 0.22 0.87 0.36
50 0.11 0.92 0.20
60 0.08 0.95 0.15
70 0.05 ! 0.09
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P - R Curves ( Color Codes) Dinosaurs

-*—406.jpg
408.jpg
-m— 415.jpg
-x-429.jpg
455.jpg
475.jpg
Average

Precision

_____ Expon. (Average)

Recall

Figure 62.. P- R curves (whole image color codes). Class- Dinosaur.

Average Precision, Recall & F Measure at Different
Similarity Cut-off Values: Whole Image Color Codes -
Dinosaurs

-Average Precision
Average Recall
Average F Measure

Figure 63. Average Precision, Average Recall, Average F - measures verses Similarity cut-offs. (Whole image color codes).

Class - Dinosaur.

Following points are observed:

o The nature of obtained P - R curves is close to ideal P - R curve for some of
the query images and similar to practical P - R curves for majority of query
images.

o For the variations in colors & poses of foreground objects high recall with
good precision is achieved for many sample queries.

o Stricter similarity cut-off increases the Precision at the cost of Recall.
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o For many queries, Precision of 1.0 is achieved,
0 Range of average performance measures for the class
+ 100 % of average Precision for 5 % of average Recall
I 75 % of average Precision for 33 % of average Recall
I Giving 25 % of fall in Precision to raise Recall by 28 %.
0 The exponentially extended trend line intersects average Precision = (0.5) line
at average Recall

at value 0.95 (approx.) implies good performance

measures.
6.6.1.8 Query Image Response Example: Class - Dinosaur
The query response of a dinosaur image [Wang, 2001 ] [SIMPLIcity, on line] is

shown for similarity cut-off of 40 in Figure 64.

Image Database
Size: 1000

Query Image
455.jpg

Response at Similarity cut-off 40.

rr- 30, total - 35, Total - 100, r - 0.3, p - 0.85

e UEMimagB onginestnttmpi\aS5 jpg

e UEUunage ongUtast1timpUfia3 jpg

& UEHimage ong\UesI1«Imp0406 jpg

e UEttimage cngutest1lUmptt443 jpg

e ‘euimaga ongntesnutmptwn jpg

e tEUImage ongWiestiimpU46i jpg

e HEUimage ortgtttes1IUtmp\W89jpg

e '[E\timageortgUtestittimptV446jpg

s UEUimage ongttlestiUtmpIWOS jpg

e 'EUimaga ortgUtestLUtmpltd37 jpg

e.UEUimagp ongUlest1utmpU496jpg

—me

b tIEXimage ortgUlestnUmp'.v49i jpg

b WEUimage ongt>testiutmptt48b jpg

e UEUimagB ongdtestiUimpU447 jpg

e UEUimag* ongutest1>Ump>\683 jpg

e iEUimage ongdtestiUImptt457 jpg

Figure 64. Query response of a dinosaur image at similarity cut-off40.



e KEttimage onguteetlUtmpV'435 jpg

e UEttimage ongUtestUUmp<>6' jpg

eUEUimage ongiuestl«tmp»'442 jpg

7/\

eUEUimage ongUtestUUmpi\492 jpg

e "E'umage ongutestmtrrpv.413 jpg

\/

e "EHimage origtftestLUtmpU256|pg

e MEUimagB.origltest1»ImpU436jpg

aWEuimage ongUte6tiUtmpu47S.jpg

7*

& WEMimage OrigUteStU'tmp11405 jpg

e.WEttimage origUtestH\tmpU482.jpg

17"

a.WEttimage ortguiestiwtmpU487 jpg

e IEUirmge ongUtestiUtmpx\496 jpg

-XnC

© WEHimage OfigWtes11VIimp«407 |pg

IX

e MEUimage ongUtesUUtmpU423jpg

 UEWimage origtttestLUtmpHA446 jpg
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VA «< >

e:UEUimage origtttestlUtmpU40i jpg eUEUimage ongWtestlUtmp\493 jpg e UEttimage ortgUtest1UtmpU461 jpg

Figure 64 (Contd.). Query response ofa dinosaur image at similarity cut-off40.

6.6.1.9 Query Image Response Examples: Other Classes

The query responses shown in Figure 65 & Figure 66 can well illustrate the issue of
subjectivity involved in the intention of user and image content description. Is user
intending to retrieve blue skied images or images of blue sky with white clouds? Or, is he
aiming to get seashore images or images containing water? The answer will determine
the number of relevant images retrieved and hence the Precision, Recall & finally the
performance of the system. The Figure 67 to Figure 70 show the query responses of

images of other classes of SIMPLICity [Wang, 2001] [SIMPLIcity, on line].
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Response at Similarity cut-off 60.

eUEUimagB.origUtest1Uia2.jpg

e:UEUimage origWtest1U812.jpg

e:UEWimage origutesti W299. jpg

e:UEUimage origutesti U682 jpg

£

Image Database
Size: 1000

e MEWimage origutesti U183 jpg e UEUimage origutestiU81! jpg

e UEUimage origutesti U598.jpg e UEWimage.orig\\test1U416.jpg

Figure 65. Query response of a sea-shore image at similarity cut-off 60.

Response at Similarity cut-off 60.

e UEUimage.origutestlUtmpUI 13jpg

e UEUimage origutestiUtmpU842 jpg

a UEUimage ongUtest1UtmpU884 jpg

M

e UEUimage.origutesti UtmpUI 61 jpg

e UEUimage origutesti UtmpU143 jpg

Image Database
Size: 1000

eUEUimage.origUtest1UtmpU875.jpg eUEUimage.origUtest1UtmpU878.jpg

e UEUimage.ongUtest1UtmpU135.jpg e UEUimage origUtest1UtmpU837 jpg

T!
|

Figure 66. Query response of another sea-shore image at similarity cut-off 60.
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Query Image W- = Image Database
248.jpg Size: 1000

Response: (Similarity cut-off 60)

e UEttimage origUtest1tttmpU248 jpg e WEUimage orig\\testlUtmpU271 jpg ettEUimage origUtest1Utmp\\239 jpg e UEUimage origtttestiHtmpUI 91 jpg

23

e:UEUimageongUtestltttmptt241 |pg e UEUimage origUtest1UtmpU278 jpg e.UEUimage ongUtestlUtmp\\897 |pg e UEttimageongUtest1UtmpUi41 jpg

e |
> .

¢ Xc

e UEUimage origUtestl UtmpU879 jpg

Figure 67. Query response ofa sculpture image at similarity cut-off 60.

Query Image Image Database
506.jpg Size: 1000

Response: (Similarity cut-off 70)

Figure 68. Query response of an elephant image at similarity cut-off 70.

142



Query Image

503.jpg

Response: (Similarity cut-off 60)

e ttEUimage origUlest1utmpttS03 |pg
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Image Database
Size: 1000

e t»EUimageongUtestintmpU567 |pg
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e.UEttimage ongutestH\tmpU514.jpg

Figure 69. Query response of another elephant image at similarity cut-off 60.
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Figure 70. Query response of served food image at similarity cut-off 60.
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Image Database
Size: 1000

Response at Similarity cut-off 70
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Figure 71. Query response of an image of a tribal man with color painted on face at similarity cut-off 60.

The average Recall, average Precision and average F-measures for all test
queries have been tabulated in Table 15 and class wise P - R curves and method
average P - R curves are shown in Figure 72. The average Recall, average Precision and
average F-measures tor all test queries for the method have been plotted in Figure 73.

Table 15. Average Recall, Average Precision & Average F - measure. (Whole image color codes). All queries for the method.

Similarity Average Average Average
cut-off Recall Precision F measure = 2/(1 /Avg.p + 1/Avg.r)
25 0.44 0.69 0.54
30 0.39 0.74 0.51
40 0.27 0.78 0.40
50 0.17 0.83 0.29
60 0.11 0.86 0.20
70 0.06 0.96 0.12
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Average P - R Curves for image-classes (Whole Image
Color Codes) & Average for the Method

-m— Class average - Bus
Class average - Horse

-X— Class average - Dinosaur

-*— Class average - Flow er

Average for the method

Average Precision (Method)

+ Expon. (Average for the
method)

Figure 72. P- R curves (whole image color codes). All queries for the method.

Average Precision, Recall & F Measure at Different Similarity
Cut-off Values for the method: Whole Image Color Codes

Average Recall (Method)
-m—Average Precision

(Method)

Average F-measure
(method)

Similarity Cut-off

Figure 73. Average Precision, Average Recall, Average F - measures verses Similarity cut-offs. (Whole image color codes). All

queries for the method.
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6.6.2 Discussion

O

The performance has been evaluated on 1000 images of standard data base
[Wang, 2001] [SIMPLIcity, on line] consisting of 10 classes of images for total
161 queries with different similarity cut-offs for 33 query images of 4 different
classes. ‘

The method is robust to illumination, pose and view point variations as it is
based on broader color descriptors.

The feature extraction and retrieval methods require lesser computations

compared to boundary detection based proposed methods.

'The broader descriptors are characterized to yield higher Recall. So are the
.color codes.

The method works well even on images of poor qudlity and low resolutions.

The ranking of nearly similar images is high.
The method is not sensitive to image scale and rotation.

The Precision measures obtained for majority of the queries of all four classes

- are significantly high with good Recall.

Range of average performance measures for all queries of all classes
96 % of average Precision for 6 % of average Recall
69 % of average Precision for 44 % of average Recall
Giving 27 % of fall in overcgé Precision fo raise average Recall by 38%.

Th'e;fv,exponenﬁolly exfehd_ed trend line intersects average Precision = (0.5) line

df-; éérverage Recall at value 0.90 (approx.) implies good performance

" medsures.

The results with proposed method are better than many reported in literature.

6.7 Foreground Color Codes Based CBIR

Foregrouhd based image retrieval enables user to search images on the

‘basic of objects contained in the image. The exclusion of background narrows down

subjectivity induced diversity about the image contém‘. Precisely detected foregrbund

‘encompassing promineﬁf boundaries yielding foreground region attributes and color

codes of the foreground are used as combined features for image refrieval. The

normalized histogram constructed for foreground region is compared with that of

image of image database. The algorithm is applied on color codes of foreground for
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measuring color distribution similarity of foreground regions of images under
considerations. Following method specific steps replace corresponding generic Steps 3
& 4 of Algorithm 4, Section 6.5

Step 3: Read (or extract) foreground color code features of given query image.
Step 4: For every image-feature-file of target folder,
Read corresponding foreground color code features of the image-
feature-file of target folder.
Calculate {dis)similarity_index i = Y abs{hg—hj) . for 1 <j<=number of
Bins, Where,
hgj indicates | ' bin of normalized histogram of color codes for the
query image
hij indicates | ™ bin of normalized histogram of color codes for i

image of database
Store path of data base image, needed for display.
Algorithm 6. Foreground color codes based image retrieval.
6.7.1 Performance Evaluation
The performance of the method has been tested on image database of
SIMPLIcity [Wang, 2001] [SIMPLIcity, on line] consisting of 371 images. Exhaustive
performance evaluation has been carried out for two classes of database — Bus and
flower. Recall, Precision and F -measure are computed for sample queries of each class
of images for different similarity cut-offs. Average Recall, Average Precision and
Average F — measures for the class are tabulated to analyze performance of the
method for given class of images. P — R curves for query responses along with Average
Precision and Average Recall are plotted for performance analysis. Average Recall,
Average Precision and Average F — measures are also plotted for different similarity cut-
off.
6.7.1.1 Query Image Class: Bus
o The performance evaluation on image database [Wang, 2001] [SIMPLIcity, on
line] consisting of 371 images has been shown in Table 16 for
11 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different
similarity cut-offs &

57 queries
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o The set of selected query images is same as the set used for image retrieval

using whole image color codes.

Table 16. Precision, Recall & F -measure at different similarity cut-offs. (Foreground color codes). Class - Bus.

Total
| Reltrieved total . relevant Recall Precision
Similarity  relevant retrieved imagesin _ measure=
Query Image cut-off images - images - the rT_otr;I/ ptc;t;rll 21 /p +
I total database 1/r)
- Total
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Table 16 (Contd.). Precision, Recall & F -measure at different similarity cut-offs. (Foreground color codes). Class - Bus.

Total
Retrieved total relevant Recall Precision F
Similarity relevant retrieved images in _ _ measure”
Query Image cut-off images- images - the rT—Otr;I/ ptc;tarlllrl 21( l/p +
" total  database 1)
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Table 17. Average Recall, Average Precision & Average F -measure. (Foreground color codes). Class Bus.

Similarity Average Average Average
cut-off Recall Precision F measure = 2/(1 /Avg.p + 1/Avg.r)
25 0.40 0.75 0.52
30 0.34 0.75 0.46
40 0.21 0.77 0.33
50 0.11 0.83 0.19
60 0.04 0.93 0.08
70 0.03 1.00 0.06

The average Precision and average Recall for class Bus have been tabulated in Table
17 and plotted in Figure 74 along with P - R curves for individual bus image query
responses. The average Recall, average Precision and average F-measures with respect

to similarity cut-off for all test queries of the class have been presented in Figure 75.

P - R Curves ( Foreground Color Codes) Buses
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. 344.jpg
369.jpg
oo Average
...... Expon. (Average)
oo
0.2 0.4 0.6 0.8 1 12
Recall

Figure 74. P- R curves (Foreground color codes). Class - Bus.
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Following points are observed:

(]

(]

(0]

The nature of obtained P - R curves matches with the practical P - R curves,
Stricter similarity cut-off increases the Precision at the cost of Recall,
Despite vast variations in bus colors, poses and illumination conditions, high
recall with good precision is achievable for many sample queries,
For all but one queries, Precision of 1.0 is achieved.
The Precision and recall measures have been improved for all but one
(319.jpg) query images.
Improvement in precision is contributed by two factors - only foreground
region based comparison and reduced image database size,
Range of average performance measures for the class

100 % of average Precision for 3 % of average Recall
v 75 % of average Precision for 40 % of average Recall
v Giving 25 % of fall in average Precision to raise average Recall by 37 %
The exponentially extended trend line intersects average Precision = (0.5) line
at average Recall at value 0.9 (approx.) implies quite good performance

measures for images of the class.

6.7.1.2 Query Response Example: Class - Bus

The query response of a bus image [Wang, 2001] [SIMPLIcity, on line] at similarity

cut-off of 25 is shown in Figure 76. The Recall of 59 % with 97 % of Precision is to be noted.
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Figure 76. Query response of a bus image at similarity cut-off25. (FGCC)
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6.7.1.3

0
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Figure 76 (Contd.). Query response ofa bus image at similarity cut-off25. (FGCC)

Query Image Class - Flower
The performance evaluation on image database [Wang, 2001] [SIMPLIcity, on
line] consisting of 371 images has been shown in Table 18 for
10 varieties of query images [Wang, 2001] [SIMPLIcity, on line] for different
similarity cut-offs &
+ 51 queries
The set of selected query images consists of 8 images used in the set for
image retrieval using whole image color codes. Two images used in the first

set have been replaced because of their inferior foreground extraction.
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Table 18. Precision, Recall & F -measure at different similarity cut-offs. (Foreground color codes). Class - Flower.
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Table 18(C'ontd.). Precision, Recall & F -measure at different similarity cut-offs. (Foreground color codes). Class - Flower.

Total
Retrieved total relevant . F
Similarit relevant retrieved images in Recall - Precision
Query Image y _ g r=m/ p=p/ IMeasure=
cut-off images - images - the 2/( /p +
Total total
rr total database 1/r)
- Total

682.jpg 25 32 34 0.56 0.94 0.70
30 30 31 0.53 0.97 0.68

40 27 28 57 0.47 0.96 0.63

50 20 20 0.35 1.00 0.52

60 13 13 0.23 1.00 0.37

25 26 27 0.46 0.96 0.62

30 25 26 0.44 0.96 0.60

40 20 21 57 0.35 0.95 0.51

50 18 18 0.32 1.00 0.48

60 15 15 0.26 1.00 0.42

621.jpg 25 27 28 0.47 0.96 0.63
30 24 25 0.42 0.96 0.59

40 20 21 57 0.35 0.95 0.51

50 18 18 0.32 1.00 0.48

60 15 15 0.26 1.00 0.42

640.jpg 25 5 5 0.5 1.00 0.67
30 4 4 0.4 1.00 0.57

40 3 3 10 0.3 1.00 0.46

50 2 2 0.2 1.00 0.33

60 ! ! 0.1 1.00 0.18

Table 19. Average Recall, Average Precision & Average F - measure. (Foreground color codes). Class - Flower.

Similarity Average Average Average
cut-off Recall Precision F measure = 2/(1 /Avg.p + 1/Avg.r)
25 0.45 0.68 0.54
30 0.41 0.71 0.52
40 0.35 0.75 0.48
50 0.29 0.80 0.43
60 0.22 0.90 0.35
70 0.16 1.00 0.28
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The average Precision and average Recall for class Flower have been tabulated in
Table 19 and plotted in Figure 77 along with P - R curves for individual query responses.
The average Recall, average Precision and average F-measures for all test queries of
the class have been presented in Figure 78.

P - R Curves (Foreground Color Codes) Flowers
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Figure 77. P- R curves (Foreground color codes). Class- Flower.
Average Precision, Recall & F Measure at Different
Similarity Cut-off Values : Foreground Color Codes -
Flowers
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Figure 78. Avg. Precision, Avg. Recall, Avg. F - measures verses Similarity cut-offs. (Foreground color codes). Class - Flower.
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Following points are observed:

o The nature of obtained P - R curves matches with the practical P - R curves,

o Stricter similarity cut-off increases the Precision at the cost of Recall,

o Despite vast variations in foreground colors and illumination conditions, high
recall with good precision is achievable for many sample queries,

o For many queries, Precision of 1.0 is achieved for reasonable Recall,

o Range of average performance measures for the class

100 % of average Precision for 16 % of average Recall
+ 68 % of average Precision for 45% of average Recall
I Giving 32 % of fall in average Precision to raise average Recall by 29 %

o The exponentially extended trend line intersects average Precision = (0.5) line
at average Recall at value 0.67 (approx.) implies good performance
measures for images of the class.

6.7.1.4 Query Response Example: Class - Flower
The query responses of two different flower images [Wang, 2001] [SIMPLIcity, on
line] at lowest similarity cut-off of 25 are shown in Figure 79 & Figure 80

respectively. The selected query images are of typical foreground colors.

Image Database
Size: 371

Response at Similarity cut-off 25

e:UEUimage.origUtestltttmpU689 jpg e:\1EUimage ortgUtestlUtmpU694.jpg eUEUimage.origUtestl UtmpU683 jpg e:UE\image.ongUtestlUtmpU686.jpg

e:UEUimage.ongutest1\tmpU6I2.jpg eUEUIr 551 jpg

Figure 79. Query response of a flower image at similarity cut-off 25. (FGCC)
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Query Image Image Database
640.jpg Size: 371

Response at Similarity cut-off 25

6.7.2

Figure 80. Query response ofanother flower image at similarity cut-off25. (FGCC)

Discussion

(]

The performance has been evaluated on 371 images of standard data base
[Wang, 2001] [SIMPLIcity, on line] consisting of all images of two classes and
some images from other classes for total 115 queries with different similarity
cut-offs for 21 query images of 2 different classes.

The method is not suitable for images containing very small foreground
objects and objects touching to image boundaries which may not be
encompassed by prominent boundaries.

The extracted background excludes background and related features from
comparison enabling user to perform search based on objects contained in
the image.

The method is robust to illumination and less sensitive to pose and view point
variations as it is based on broader color descriptors of the extracted
foreground.

The feature extraction and retrieval methods require significant computations.
The performance of the method is not sensitive to regions attached to
foreground objects, because, for given image, such regions can be made to
constitute small percentage of total extracted foreground by performing

feature extraction at higher wavelet level. The low resolution and poor
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0

0

quality of images affect foreground extraction and hence performance of
the method.

The Precision measures obtained for majority of the queries are significantly
high with good Recall.

The exponentially extended trend line intersects average Precision = (0.5) line
of both classes at average Recall at values 0.9 & 0.67 (approx.) respectively,

imply good performance measures.

6.8 Foreground Shape Correlation Based CBIR

The normalized unsegmented foreground region has been utilized as the

feature for the image comparison. The method specific steps, replacing Step 3 &

Step 4 of algorithm specified in Algorithm 4, Section 6.5 are:

Step 3: Read (or extract) normalized unsegmented foreground region features for

the query image. Call it Rq.

Step 4: For every image-feature-file of target folder,

Read normalized unsegmented foreground region features of the image-
feature-file of target folder. Let us call it Rdi.

Calculate correlation coefficients of Rq & Rdi.

Find the significant correlation coefficient.

Calculate (dis)similarityjndexi = 100 - abs(significant correlation
coefficient of Rq & Rdi) * 100

Algorithm 7. Foreground shape correlation based image retrieval.

Unsegmented foreground regions have been obtained by excluding

background regions found in step 8 of Algorithm 3.

The query response for the method is shown in Figure 82. Note that the

performance & results with 0 % weight of foreground color code attributes in the

composite similarity constraint of next method - Foreground Color Codes & Shape

Correlation corresponds to this method of image retrieval.

6.8.2 Performance Evaluation

The performance of the method has been tested on image database of

SIMPLIcity [Wang, 2001] [SIMPLIcity, on line] consisting of 371 images. The Precision,

Recall and F - measures are shown in Table 19 for 10 images of class Flower and total of

20 queries. Corresponding P - R curves are plotted in Figure 81.
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Table 20. Precision, Recall & F -measure at different similarity cut-offs. (Foreground shape correlation). Class - Flower.

Total
Retrieved fatal relevant . F
Similari relevant retrieved images in Recall  Precision
VAN
Query Image vy _ 9 r=rw/ p=rr/ 'NEasure
cut-off images - images - the 2/( I/p +
Total total
I total database 1/r)
- Total
60 39 41 0.39 0.95 0.55
100
70 4 4 0.04 1.00 0.08
60 45 47 0.45 0.96 0.61
100
70 23 23 0.23 1.00 0.37
655.ipg
60 10 10 0.1 1.00 0.18
100
70 1 1 0.01 1.00 0.02
60 34 36 0.34 0.94 0.50
100
70 7 7 0.07 1.00 0.13
60 1 1 0.01 1.00 0.02
i
100
70 1 ! 0.01 1.00 0.02
60 2 2 0.02 1.00 0.04
100
70 1 ! 0.01 1.00 0.02
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Table 20 (Contd.). Precision, Recall & F - measure at different similarity cut-offs. (Foreground shape correlation).
Class - Flower.

Total
Retrieved total relevant . F
Similarity relevant retrieved images in Recall  Precision
Query Image . . g r=rr/ p=rr/ measure=
cut-off images - images - the 2/( /p +
Total total
rr total database 1/r)
- Total

60 4 5 0.04 0.80 0.08

100
70 3 3 0.03 1.00 0.06

AN 1/\ N\

60 42 45 0.42 0.93 0.58

- 100
70 19 19 0.19 1.00 0.32

621.jpg
60 47 50 0.47 0.94 0.63
70 26 26 0.26 1.00 0.41
64Q-jpg

60 6 7 0.06 0.86 0.11

100
70 2 2 0.02 1.00 0.04

Table 21. Average Recall, Average Precision & Average F - measure. (Foreground Shape correlation). Class - Flower.

Similarity Average Average Average

cut-off Recall Precision F measure = 2/ (1/Avg.p + 1/Avg.r)
60 0.23 0.94 0.37
70 0.09 1.00 0.16
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P - R Curves ( Foreground Shape Correlation) Flower
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Figure 81. P- R curves (Foreground shape correlation). Class- Flower.

Following points are observed:
o The P - R curves obtained are close to ideal P - R curves,
o Stricter similarity cut-off increases the Precision at the cost of Recall,
o Despite vast variations in foreground colors and illumination conditions, good
Recall with good Precision is achieved for many sample queries,
o For all queries, Precision of 1.0 is achieved for reasonable Recall,
o Range of average performance measures for the class
100 % of average Precision for 9 % of average Recall
+ 94 % of average Precision for 23% of average Recall
+  Giving only 6 % of fall in average Precision to raise average Recall by 14 %
o The exponentially extended trend line is well above average Precision = (0.5)
line implies good performance measures for images of the class.
6.8.2.1 Query Response Example
Figure 82 shows query response of a flower image with similarity cut-off 60 giving
34 flower images based on shape comparison. It should be noted that for same query
image, whole image color code based approach retrieves maximum of 4 flower
images whereas foreground color code based approach retrieves only the query

image even for lowest similarity cut-off. (Table 11 and Table 18 respectively.)
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Figure 82. Query response of a flower image at similarity cut-off 60. (FG shape correlation)
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6.8.3 Discussion

0]

The method is very sensitive to the shape of the foreground. Foreground
object shape altering regions affect the performance of the method very
adversely.

The method gives very good results for images where foreground is not
containing attached unwanted regions. E.g. images of ALOl database,
images of class flower and class bus of SIMPLIcity [Wang, 2001] [SIMPLIcity, on
line] database. The method may not perform equally well for the images like
those of BSDB [Fowlkes, on line] [Martin, 2001],

Relaxed similarity cut-off ends up in poor Precision. Recommended similarity
cut-off is above 60% for better performance,

Shape matching being a stricter constraint, relatively higher Precision and
lower Recall are observed for the method,

The shape correlation technique has been applied for face region matching

for the purpose of similar-face image retrieval.

6.9 Foreground Color Codes & Foreground Shape Based CBIR

The proposed method compositely exploits two foreground features - shape and

color codes. The weight proportion of these two features in the similarity measures is

selectable by the user. Thus, the composite similarity measure signifies the proportionate

emphasis of user's search criteria. The normalized unsegmented foreground region and

foreground color codes have been utilized as the features for the image comparison.

The method specific steps, replacing Step 3 & Step 4 of Algorithm 4, Section 6.5 are:

Step 3: Read (or extract) foreground color code features of given query image.

Read (or extract) normalized unsegmented foreground region features for

the query image. Call it Rq.

Step 4: For every image-feature-file of target folder,

Read corresponding foreground color code features of the image-
feature-file of target folder.

Calculate (dis)similarityjndexi= X abs(hqj- hij) , for | <j <= number of
bins, Where,

hgj indicates jth bin of normalized histogram of color codes for the query

image
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hi indicates j bin of normalized histogram ef color codes for i himage of

database

'Read normalized unsegmented foreground region features-of the image-

feature-file of target folder. Let us call it Rd..

Calculate correlation coefficients of Rq & Rd.

- Find the significant correlation coefficient.

Cclcbldfe (dis)similarity_indexli = 100 - abs-
coefficient of Rq & Rdi) * 100

Read Foreground_Colorcode_weight

(significant correlation

~ Calculate compbsi’re (dis)similarity index as

(dis)similarity_index 1= (Foreground_Colorcode_weight*(dis}similarity. index)

+{(1.0- Foreground__Colorcode_‘,weight) *(dis)similarity_index1)

Algorithm 8. Foreground color codes & foreground shape based image retrieval:

6.9.1 Performunce Evaludation

The performance of the mefhod for different combinations of weights of

“foreground color code and foreground shape correlation in composite similarity index is

tabulated for an image {455.jpg {Wang 2001] [SIMPLIcity, on line]) of Dnosaur class is

shown in Table 22. The respechve P-R curves are presented in Figure 83.

Table 22. Precision, Recall & F —measure for different proportionate weights at different sxmllamy cut-offs. (Foreground Color

codes & foreground shape correlation).

Similarity Zéf\;«’éigfg Re?rieved ’retci Recall | Precision
cut-off . relevant | retrieved - - F
 for 5i n. images - | images- | " [ PEM | easure
455.jpg imilarity " total Total total
- Index
Total relevant images in the dcn‘obcse Total = IOO
50 29 82 . 0.29 0.35 0.32
40 0 7 17 0.07 0.41 0.12
.70 ] 1 001 | 1.00 0.02
- 50 29 46 0.29 0.63 0.40
60 10 3 5 0.03 0.60 0.06
70 ] T 0.01 1.00 0.02
50 26 38 0.26 0.68 0.38
60 20 3 3 0.03 1.00 0.06
70 ] 1 0.01 1.00 0.02
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Table 22 (Contd.). Precision, Recall & F -measure for different proportionate weights at different similarity cut-offs.
(Foreground Color codes & foreground shape correlation).

% Weight

Similarity of FG CC Retrieved t(?tal Recall Precision

cut-off ) relevant retrieved F
for . |'n . images - images - r=m/ p=rr/ measure

455 jpg Similarity i total Total total

Index
Total relevant images in the database, Total = 100

50 25 34 0.25 0.74 0.37
60 30 6 7 0.06 0.86 0.11
70 ! 1 0.01 1.00 0.02
50 26 34 0.26 0.76 0.39
60 40 8 9 0.08 0.89 0.15
70 ! ! 0.01 1.00 0.02
50 27 36 0.27 0.75 0.40
60 50 12 15 0.12 0.80 0.21
70 2 2 0.02 1.00 0.04
50 29 35 0.29 0.83 0.43
60 80 23 28 0.23 0.82 0.36
70 12 14 0.12 0.86 0.21
50 30 38 0.3 0.789474 0.43
60 100 21 26 0.21 0.807692 0.33
70 16 20 0.16 0.8 0.27

P - R Curves ( Dinosaur Image). Composite Similarity Criteria -
Foreground Color Codes & Foreground Correlation-Coefficients

go -*-0% FGCC & 100% FG
Corr-Coeff

o 10 % FGCC & 90% FG
Corr-Coeff

so 20% FGCC & 80% FG
5 Corr Coefff

Zg © -%- 30% FGCC & 70% FG
o Corr-Coeff

o

o 40% FGCC & 60% FG
Corr-Coeff

o 50% FGCC & 50% FG
Corr-Coeff

oo -t— 80% FGCC & 20% FG
0.1 0.2 0.3 0.4 Corr-Coeff

—— 100% FGCC & 0% FG
Recall Corr-Coeff

Figure 83. P- R curves for different proportionate weights of Foreground color codes & foreground shape correlation.
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The suitable proportion of weight for best retrieval performance is image specific.
The user is given a choice of selecting the weight and altering the proportion if required
for successive retrievals. The Precision and Recall for two images of flower given as
queries with 70% - 30% & 30%-70% weight proportion (Foreground CC & Foreground
shape correlation) has been computed in Table 23. The high Precision is noteworthy.

Table 23. Precision, Recall & F measure for two different proportionate weights at different similarity cut-offs. (Foreground
Color codes & foreground shape correlation).

Simil % Weight Retrieved total - F
arity of F.G cc relevant retrieved Recall - Precision measure
Query Image . . r=rr/ p=rr/ -
cut- Lo images - images - =2/( 1/p
off Similarity N total Total total + 1)
Index
Total relevant images in the database, Total = 00
40 28 28 0.28 1.00 0.44
50 20 16 16 0.16 1.00 0.28
60 14 14 0.14 1.00 0.25
70 3 3 0.03 1.00 0.06
40 35 35 0.35 1.00 0.52
50 30 18 18 0.18 1.00 0.31
60 12 12 0.12 1.00 0.21
70 4 4 0.04 1.00 0.08
40 19 30 0.19 0.63 0.29
A 64470 50 20 12 19 0.12 0.63 0.20
pc 60 10 1 0.1 0.91 0.18
70 7 7 0.07 1.00 0.13
40 18 24 0.18 0.75 0.29
50 30 14 14 0.14 1.00 0.25
60 L] 1 0.11 1.00 0.20
70 6 6 0.06 1.00 0.11

6.9.1.1 Query Response Examples:

Figure 84 and Figure 85 show respective retrieval results for a flower image with 20
% and 10 % weight of foreground color codes in the composite similarity index. The
reduction in weight of foreground color codes and corresponding increase in the
weight of foreground shape correlation results into retrieval of more flower images, not
necessarily while flower images. Image retrieval with same query image for foreground
color code method (100 % weight of foreground color codes), only the query image
gets retrieved (Table 11). The reduction of similarity cut-off results into retrieval of more

images as shown in Figure 86 & Figure 87.
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Image Database
Size: 371

Response at Similarity Cut-off 60 with Foreground Color Code Weight 20

e UEttimage origtttest 1tttmpU656.jpg

Figure 84. Query response ofa flower image at similarity cut-off60 with FG CC weight 20. (FGCC & FG shape correlation)

Query Image Image Database
656jpg Size: 371

Response at Similarity Cut-off 60 withBFd*egBound Color Code Weight 10

e UEUImage.ongWtesllutmpU656.|pg e:UEttimage ongutestltttmp«632 |pg e NEttimag0.origUt8StlUtmpUd66.jpg e ttEttimage.origtttestLINtmptt649jpg

x*

e UEUimag8.ongtttestlUtmpU660.jpg

Figure 85. Query response of same flower image at similarity cut-off 60 with FG CC weight 10. (FGCC & FG shape correlation)

* Image Database
Size: 371

Response at Similarity Cut-off 50 with Foreground Color Code Weight 20

e NEttimage origtttest1tttmptt656 jpg e NEttimage ongtttest1tttmptt483|pg e ttEttimage.origtttest1tttmptt632 jpg e NEttimage origtttest1tttmptt642 jpg

>~ ML3 E3

e WEWimage orig\Uest1UtmpU604 jpg

Figure 86. Query response of same flower image at similarity cut-off 50 with FG CC weight 20. (FGCC & FG shape correlation)

168



e:UEWimage ongu!e?!iutmpn656.|pg

e \iE\\image ongutestmtmpuoffl jpg

e UEWimage ongtuest1iUmptt682 ipg

e:\IE\limagB.ortgMest1tttmpU6S2 jpg

e:ttE\\imageortgUtestlutmp\\627|pg

e\t£\\ilhage ongutest1Utmp\Iq@ S.Jpg

e xiEUimage orlgUtestLlUtmp«44&|pg

e\iE\hmageongtitest1 UtmpU839 jpg

e UEnimage.ortgutestlUtmpI\632 |pg

e damage orig\itestnump»6i | jpg

e UEUimage origtttestlUtmpU<M2 |pg

e ttEnimage origtttestLUtmptte06 jpg

e UEWimage ortgtttastl\Mmp\617 |pg

e \<Eiiimage ortgntestiutmp\\665 ipg

e UEWImage OrtgU!86m\ImpU693jpg

e UEUimage.origntsstiUimpUffil jpg

e \\EWimage.ortgUiestlUtmpU644.jpg

e iiE'iimage onguiesliuimpu625 jpg

e WEUImage ongntestn«mpU68i |pg

e ttEUimage ong\uest1tttmpU668 jpg

e HEUimageongUtestnumpU6&6 jpg

Image Database

Size: 360

Response at Similarity Cut-off 50 with Foreground Color Code Weight 10
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e:UE\\image orig\Uest1UtmpU426 jpg e nEUiinage.origUtestintmpU600.jpg e:UEnimage.orlgUtestintmpU635 ipg

Figure 87. Query response of same flower image at similarity cut-off 50 with FG CC weight 10. (FGCC & FG shape correlation)
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6.9.2 Discussion

o The method exploits advantages of all previously proposed methods. The
foreground based approach eliminates unwanted, major contributing
background and related features enabling object based search with

additional constraints of foreground shape and colors.

o The selectable proportion of weight of foreground color codes and

foreground shape ends up in good performance of the system.

6.10 Comparisons - Query Responses of Various Algorithms

The section provides comparison of query responses of various proposed method
of image retrieval for same query images. The first example is for comparison of
response of various methods for a flower image of SIMPLIcity [Wang, 2001] [SIMPLIcity,
on line] image database whereas the second example is for the ALOI image data base
[ALOI, on line] [Geusebroek, 2001]. Typical characteristics of the databases are

described in Section 6.4.

6.10.1 Example | - SIMPLIcity image database [Wang, 2001] [SIMPLIcity, on line]

Figure 88 to Figure 91 are the respective query responses of proposed four
methods for same query-image with same similarity cut-off of 60. The query response
with whole image color codes based retrieval gives 2 similar flower images shown in
Figure 88. The response of same query image with foreground based color code
approach yields 15 similar - red flower images as shown in Figure 89. The response with
foreground shape correlation method is shown in Figure 90 indicates retrieval of 39
flower images (not only red) and 2 non-flower images. The foreground color codes and
foreground shape based approach with 30% weight to foreground color method yields

response shown in Figure 91 giving 12 similarly shaped red flower images.
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Query Image . Image Database
606.jpg r \4Y Blgg Size: 1000

Response - Whole Image color codes, Similarity cut-off 60

Figure 88. Query response of a flower image at similarity cut-off60. (Whole image color codes).

Query Image I( Image Database
606.jpg Size: 371

Response - Foreground color codes, Similarity cut-off 60
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a UEWmage ongutestmtmpus63|pg e UEUimage ongutesmumpU624 [pg a origniestiutmpUe3sjpg aUEVImage ongUtesinumpU637 jpg
e UEUimage ongUlest1Utmpu830jpg & UEHimagB ongUtest1Utmpu646 [pg e UEUimage origUlestl\UmpUSfIO jpg e tEUImage ongUtestmtmpUffii jpg

<P»

e UEUimage origutest1UtmpU602jpg e UEUimage ongUtest1UtmpU6I3 jpg e UEUimage origntest1\UmpU634.jpg

Figure 89. Query response of same flower image at similarity cut-off 60. (Foreground color codes).
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Image Database

Size: 371

Response - Foreground shape correlation, Similarity cut-off 60

9 UEUimage OflgUtesnntmpUs2i jpg

s .'& image ortgUtestiutmpUfiC4 jpg

a UEUimage.origUtesllUtmpUs42 jpg

e UEUirrageongUtestintmpU639 ipg

9 UEUimage ortgUtestnumpuSOO |pg

9 UEUimage ortgUtestiutmpuess [pg

=

e UEUimage origUtestLUtmpU632 jpg

e UEUimage ortgUtestintmpU624 jpg

& UEUimage origutestiUtmpUB6i7 jpg
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Figure 90. Query response of same flower image at similarity cut-off 60. (Foreground shape correlation).
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Query Image fW K Image Database
606.jpg Size: 371

Query response - Foreground color codes & foreground shape correlation.

Similarity cut-off 60 with 30% weight of foreground color codes
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Figure 91. Query response of same flower image at similarity cut-off 60 with 30% weight of FGCC. (Foreground color codes &

foreground shape correlation).

6.10.2 Example 2 - ALOI image database [ALOI, on line] [Geusebroek, 2001]

The effect of illumination changes and object view point variations on image
retrieval has been illustrated with following query responses of various methods for same
query image - a toy duck for similarity cut-off of 70. The major portion of the
background in the image causes poor Precision for whole image color code method as
shown in Figure 92. The foreground color code based approach improves the Precision
by giving yellow / white colored toy images as the response as shown in Figure 93. The
foreground shape based method for retrieval gives good Recall and Precision with duck
toys ranked higher, as shown in Figure 94. The foreground based composite approach
with color codes and shape correlation with 30% weight of foreground color codes give

the best performance as shown in Figure 95.
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Figure 92. Query response of an ALOI image at similarity cut-off 70. (Whole image color codes).
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Figure 92 (Contd.). Query response of an ALOI image at similarity cut-off 70. (Whole image color codes).
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Query Image
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Figure 93. Query response of same ALOI image at similarity cut-off 70. (Foreground color codes).

176



Evaluation, Enhancement, Development & Implementation of Content Based Image Retrieval Algorithms

Image Database
Size: 112
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Figure 94. Query response of same ALOI image at similarity cut-off 70. (Foreground shape correlation).
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Query Image Image Database
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Figure 95. Query response of same ALOI image at similarity cut-off 70 with 30% weight of FGCC. (Foreground color codes &
foreground shape correlation).

6.10.3 Discussion

(o]

The whole image color code based approach is well suitable for finding
images having similar foreground-background color code distribution. High
Recall values are possible because of broader color descriptors. The method
faces conventional limitations because of not considering shapes or any
other regional features.

The foreground region based approaches enable foreground object based
image search by considering foreground color codes and foreground shape
correlation. The foreground color code based approach permits retrieval of
foreground shape variant similar images. The foreground shape correlation
has been a stricter comparison and very sensitive to extracted foreground
shape.

The composite similarity measure of foreground color codes & foreground

shape performs well for majority of query images.
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6.11 Application Specific CBIR - Similar Face Image Retrieval

This section is an application of proposed methods for application-specific CBIR
to retrieve similar face images from images containing complex background. The
feature extraction phase consists of face region extraction technique based on
prominent boundaries detection based foreground separation. The similarity measure
for face regions is the shape correlation comparison as described in Section 6.8. The
high success ratio of precise face region extraction for complex backgrounds and
illumination variations has been exploited for shape correlation based similarity
comparison for image retrieval.

6.11.1 Face Extraction from Images Containing Complex Background

The section proposes novel method for human frontal face extraction from color
images characterized by uncontrolled illumination conditions for image capturing and
complex backgrounds. The method incorporates stationary Haar wavelet transform &
proximity influence for prominent boundaries detection and watershed transform,
proximity influence & morphological operations to separate foreground / background
along with region and color attributes for human face extraction. The method exploits
redundancy by coalescing local color cues of all color channels to emphasize reliable
processing to precisely detect the human face by avoiding under-segmentation and
reducing over-segmentation & artifacts. The method has been tested on face-image
collection of standard database and on images captured by an amateur
photographer for various complex backgrounds having diversified textures, varied
illumination conditions and multiple background objects. The presented results show the
effectiveness of the method for frontal face extraction, proving it suitable as an input to
applications like digital album catalogue, content based image retrieval, face
recognition and facial expression recognition.

First well-thought out aigorithm for image segmentation would be a  watershed
algorithm [Beucher, 1979]. The watershed algorithm has inherent characteristic of
finding local minima - catchments basins producing over-segmentation of regions and
introducing artifacts. Hence, watershed transform cannot be applied directly on images
having textures, texture or smooth color tone variations e.g. natural images. Any
filtering-preprocessing before applying watershed algorithm results intfo  loss  of
information introducing either leaks in the boundaries or spurious boundaries leading to

improper segmentation. Hence, other techniques required to be combined with
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'wo’rershed algorithm to overcome short-comings of watershed algorithm exploiting
advantages of the same. So has been done in the proposed method. ' '

The face extraction is a process of isolating face region from all other regions. The
performcncé of the face extraction is challenged by characteristics like illumination
variations, shadows, skin-colored other regions, face-shaped other regions, multiple
objects, diversified indoor & outdoor background textures, wide range of face skin
colors and hair colors, different hdir stylés, different face orientations, different image
resolutions along with aforesaid image segmentation issues as image segmentation
being the inevitable first step of the process.

-The issue of extrocﬂbn of human face from images captured in uncontrolled
illumination conditions having complex & nbn-uniform background has been addressed
in the proposed method by performing proper segmentation followed by foreground /
background sepqroﬁqn and face region extraction. The image characterisfics -
illumination variations and diversity & variations in the background textures impose
cho{lenges at the segmentation and face extraction phase. The proposed method
enforces reliable processing of local color cues.of all color and grcy channels for
forming continuity preserving prominent boundaries incorporating Stationary Haar
wavelet at various levels. The prominent boundaries, proximity influence and watershed
transforms are compositely used for revealing foreground from the image. This
foreground may consist of human face, hair and attached regions due to complex &
nbn-uniform background. Various region attributes along with color atiributes are used
to extract the face. The method overcomes issues of under-segmentation by precise
processing of low level cues generating well localized, delineated leak-free boundaries
which are further categorized as prominent boundaries encompassing visually
promineﬁt regions in the image. The method minimizes over-segmentation & artifacts
producing proper segmentation needed for face exiraction in majority of the cases
containing illumination variations. The incorporation of Stationary Haar decomposition
at various levels makes rhe’rhod suitable for hierarchical framework. The performance of
the .method has been evaluated on face images of standard dataset Caltech 101
[Caltech, on line] [Fei-Fei, 2004].
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6.11.1.1  The Method

The proposed method exploits redundancy by finally coalescing local cues of R,
G. B and Gray color channels for prominent boundaries detection and for formation of
composite watershed regions utilized for face extraction.

The region attributes considered for determining the face region are defined in
the method regionprops of Matlab 14 as follows: Orientation - The angle ( in degree)
between the x-axis and the major axis of the ellipse that has the same second-moments
as the region. Extent — The portion of the pixels in the bounding box that are also in the
region. Eccentricity - Measured for the ellipse that has the same second-moments as
the region. It is the ratio of the distance the foci of the ellipse and its major axis length.
The steps involved for the face extraction are:

Step 1: Apply foreground extraction Step 1 to Step 10 of Algorithm 3, Section 5.2.

Step 2:For all regions of foreground,
Exclude small regions.
For remaining regions,
Mark a region as face region if orientation > 70, Eccentricity > 0.3, extent < 0.95,
axis _ratio (Minor axis length / Major axis length) > 0.4 and if region contains skin
color. Mark image category as face.

Step 3: Map face region on the image to extract face image.

Algorithm 9. Face extraction from images containing complex background.

The thresholds are empirically determined to reflect shape attributes of face.

6.11.1.2 Results

The method has been tested on test set consists of 115 face-images of Caltech
101 face dataset [Caltech, on line] [Fei-Fei, 2004] comprising of faces of 15 persons
and other high resolution images captured by an amateur photographer. The test
set images are selected to cover various illumination variations and backgrounds.
The images containing mustache and bearded face are excluded from the test set.
The Caltech dataset [Caltech, on line] [Fei-Fei, 2004] found most appropriate as the
data set because it contains color face images of medium size and reasonable
resolution. The multiple images of persons have been captured at various indoor-
outdoor places with various complex backgrounds under different illumination
conditions generating shadows and illumination variations. Figure 96 illustrates results
of various phases of face extraction incorporating fwo different levels of wavelet

decomposition — level 1 and level 2. The prominent boundaries detected for Gray
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channel has been shown in Figure 96 (b). Various regions of segmen’fed'coior
channels have been shown in Figure 96 (c] to Figure 96 (f). The composite regions of
segmented image are shown in Figure 96 (g). The watershed pixels' constituting
region isoléﬁng boundaries have been shown in Figure 96 (h}). Figure 96 (i) and
Figure 96 (j) comesponds to separated background and foreground respectively. The
foreground is marked as black in the background image and background is marked
as bldck in the foreground irhc:gé. The éxfrc:c’red faces are finally shown in Figure 96
(k). In general, reduction of image dimension by a large fcctof mgy adversely affect
the segmentation performance due to lm‘erpolcted pixel color values. The
unaffected result of face extrochon for a size reduced high resolution image has
been shown'in Figure 97. Flgure 98 illustrates unsuccessful face extraction due to
improper segmentation because of exireme 1liummahon variations on the face. The
extracted faces of some of the images of test set have been shown in Figure 99. The
typically picked up images contain distinctiveness like ‘nori-face skin color regions,
other ’fucie~shape‘d regions, skin-colored hc:ir,‘ off—c’eme"r'e‘d face, mulliple
background objects and most importantly illumination variations due fo different
lightning conditions at indoor-outdoor locations. Table 24 depicts the effectiveness
and robustness of the method for successfully extracting faces for 82.6 % of the

images of the fest set.

6.11.1.3 Discussion

o The proposed method is novel for prominent bound‘ar-iés, préximity influence,
Stationary Haor Wavelet, used for generation of-c':omposife watershed regions
for foreground separation that is combmed with foce-region & face-color
attributes for frontal face extraction.

o The well localized and delineated continuity preservmg promnnenf boundaries
detected by precise and reliable processing of low. level color cues of all
color and gray channels form the basis of ' highl (82.6 %) successful face
extraction ratio for 115 test images of Caltech 161 [Caitech, on ling] [Fei—Fei,
2004] dataset. | o

o The exiraction of face has been tested on various images containing
performance affecting characteristics like illumination variations, shadows,
sk§n§colored other regions, face-shaped other regions, multiple objects,
diversified indoor & outdoor complex-background textures, wide range of
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face skin colors and hair colors, different hair styles, different face orientations
etc. The stationary Haar wavelet decomposition at various levels, prominent
boundaries & proximity influence avoids under-segmentation and reduces
over-segmentation & artifacts - inherent characteristics of watershed
transform.

o The method results are not affected due to interpolation operation involved in
a size reduction of a high resolution image by a large factor,

o As shape and color of the face region is largely altered due to mustache &
bearded, the method fails for face extraction of such cases. Similarly, a dark
face segmenting shadow also produces il results of face extraction,

o Still, precisely extracted faces with high performance ratio for variety of
images proves the suitability and versatility of the method for applications like
digital album catalogue, content based image retrieval, face recognition

and facial expression recognition.

Figure 96. Various steps of face extraction. Left - stationary Haar wavelet decomposition at level 1. Right - stationary Haar
wavelet decomposition at level 2. (a) Original image [Caltech, on line] [Fei-Fei, 2004]. (b) Detected prominent boundaries of gray

channel, (c) Segmented regions of red color channel, (d) Segmented regions of green color channel.
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Figure 96 (Contd.). Various steps of face extraction, () Segmented regions of blue color channel, (f) Segmented regions of
gray color channel, (g) Composite segmented regions, (h) Corresponding watershed pixels of (g). (i) Background, (j)
Foreground, (k) Extracted face.
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Figure 97. Face extraction in high resolution image reduced to 1/8th of the original size, (a) Original image, (b) Watershed pixels.

(c) Background, (d) Foreground, (e) Extracted face.

Figure 98. Example of unsuccessful face extraction, (a) Original image [Caltech, on line] [Fei-Fei, 2004], (b) Watershed pixels,
(c) Background, (d) Foreground.

Figure 99. Face extractions of various images with complex background and non-uniform illuminations, (a) Original images
[Caltech, on line] [Fei-Fei, 2004], (b) Watershed pixels, (c) Backgrounds, (d) Foregrounds, (e) Extracted face.
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Figure 99 (Contd.). Face extractions of various images with complex background and non-uniform illuminations, (a) Original
images [Caltech, on line] [Fei-Fei, 2004]. (b) Watershed pixels, (c) Backgrounds, (d) Foregrounds, (e) Extracted face.
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Table 24. Performance evaluation of face extraction method for various images [Caltech, on line] [Fei-Fei, 2004],

No. of Successful face Successful
Person id Sample extraction / Total images face
Images of the person in the test extraction
set %
Person | 17/21 80.9
Person 2 I I l 7/11 63.6
Person 3 n a 414 100
Person 4 n n r 11/14 785
Person 5 14/ 16 87.5
Person 6 5/7 71.4
Person 7 Ki I I 11/13 84.6
Person 8 414 100
Person 9 W 41/4 100
Person 10 I 3/5 60
Person 11 I I 4 /4 100
Person 12 5/6 83.3
Person 13 4/4 100
Other I I I 2/2 100
Total 95/115 82.6

6.11.2  Similar Face Image Retrieval
The method described in Algorithm 7, Section 6.8 is applied on precisely
extracted face region for comparison of shape correlation coefficients to retrieve similar

face images.
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6.11.2.1 Performance Evaluation
The performance measure Precision & Recall have been tabulated in Table 25

for 5 sample images of Caltech database.

Table 25 Precision, Recall & F - measure at different similarity cut-offs. Similar face-image retrieval.

Total
Query Images o Retrieved tqtal .relevan.t Recall Precision
Caltech Similarity relevant retrieved images in _ _ F-
. . . r=rw/ p=rr/
[Caltech, on line] cut-off images- images - the Total total measure
[Fei-Fei, 2004] I total database
- Total
Image_0001 .jpg 50 17 60 0.81 0.28 0.42
60 25 0.71 0.6 0.65
70 21 0.29 0.75 0.42
80 0.10 0.18
Image 0007.i 50 18 71 0.86 0.25 0.39
60 16 54 0.76 0.30 0.43
70 10 24 21 0.48 0.42 0.45
80 0.33 0.50
Image_0047 50 59 0.57 0.14 0.22
60 45 0.57 0.18 0.27
70 19 0.5 0.37 0.43
14
80 0.21 0.35
Imaqge_0079 50 21 0.31 0.24 0.27
60 0.31 0.83 0.45
70 0.31 0.47
80 0.25 0.40
Image_0122 60 25 0.31 0.16 0.21
70 0.23 0.75 0.35
13
80 0.08 0.15
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The average Precision and average Recall at different similarity cut-offs have

been shown in Table 26. The corresponding P - R curves are plotted in Figure 100.

Table 26. Average Recall, average Precision & average F - measure at different similarity cut-off. (Similar face image retrieval).

Similarity Average Average Average F-
cut-off Recall Precision measure
50 0.51 0.23 0.32
60 0.44 0.6 0.5!

70 0.36 0.75 0.49
80 0.19 | 0.32

P - R Curves (Similar Face Image Retreival)
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Figure 100. P - R curves. Similar face image retrieval.
Following points are observed:

o The nature of obtained P - R curves matches with the practical P - R curves,

o Stricter similarity cut-off increases the Precision at the cost of Recall,

o Despite vast variations in foreground / background colors, poses and
illumination conditions, good Recall with good Precision is achievable for
many sample queries.

o For all queries, Precision of 1.0 is achieved at higher cut-off.

o Range of average performance measures for all queries

100 % of average Precision for 19 % of average Recall
+ 2370 of average Precision for 51 % of average Recall
+ Giving 77 % of fall in average Precision to raise average Recall by 32 %
o Lower similarity cut-offs - less than 60, are not recommended for good

performance.
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o The exponentially extended trend line intersects average Precision = (0.5) line
at average Recall at value 0.45 (approx.) implies good performance

measures for images of the class.

6.11.2.2 Query Response Example

The query response for retrieving similar-face images with 70 as similarity cut-off is
shown in Figure 101. The illustrated response signifies Precision of 75% for 28% of Recall
for images having complex backgrounds and face-regions constituting a small portion

of images in a database of 115 images.

Query
Image

Response at Similarity cut-off 70

rmr-6,total - 8, Total - 21, r-0.28, p - 0.75

e UEMoaAeoh faces dalUimage_0001 |pg e HEttcaltech faces datUimage 0013jpg e UEMcaltsoh faces daiuimage_0004Jpg  e.uEUcattech faces datuimage_0002 jpg

I I I eiUEUoaltech faces daMimage_0009 jpg

Figure 101. Query Response - similar face-image retrieval.

6.11.2.3 Discussion
o The effectiveness of methods for prominent boundaries detection &
foreground separation for precisely extracting face by excluding complex
background has been utilized for obtaining face-features and similar-face
images. The method incorporates only face shape-feature for similarity
comparison.
o Inclusion of other face-features for similarity comparison will improve the

performance of the system.
6.12 Performance Comparisons with other CBIR Techniques

The relative performance comparisons of proposed methods with the state of the
art CBIR techniques is not feasible because () unavailability and un-disclosure of
comprehensive technical details of state-of-the-art techniques which are commercial,

proprietary or patented, (i) Available on-line demos of some of the CBIR systems
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neither reVeal the details of the image database needed for Precision & Recall
computations nor permit our exclusive image database to be uploaded for testing and
P - R computations. ' ' A

 The performdnée of proposed CBIR algorithms can be compared and shown
superidr to CBIR system covered in Chapter 2 having similar test conditions. As
mentioned on Page No 27, various CBIR fechniques have been proposed in [Kekre,
2010, 1] & [Kekre, 2010, 2] for different classes of SIMPLIcity- image database [Wang,
2001] [SIMPLIcity, on line]. The maximum Recall obtained in all seven methods proposed
is about 0.35 (quite low) for 100 retrieved images (relevant + ielevant) in [Kekre, 2010,
11 & [Kekr'e, 2010, 2]. And, even for reméving 2 images, the Precision is less than 0.2 (very
low) and drops further sharply with increase in no of retrieved images. The performance
measures for fmoge retrieval with proposed techniques presented in the Chapter are
significantly better compared to fhbse of [Kekre, 2010, 1] & [Kekre, 2010, 2].

As mentioned on Page No A26 & 27, Paitakes et al. [Pratikakis, 2006] proposed a
novel unsupervised mé’rhod for image retrieval based on- hierarchical watershed
algorithm and presented P - R curves. The mean precision-recall have been medsured
in [Pratikakis, 2006] for 10 queries per image-class of image database consisting of total
1000 images of 10 different classes with 100 images per class, reading (approximate
values) for all categories of images, highest mean Precision of 0.7 at mean Recall of
0.07 and highest mean Recall of 0.425 with mean Precision of 0.41. Further, P - R curves
correépondihg to all image categories indicate that it is not possible to retrieve images
with precision as 1 at any cost of recadll, i.e. for no case, only relevant images get
retrieved. The performdnce measures with proposed techniques of image refrieyal are

“far better than given in [Pratikakis, 2006]. ,

The foreground extraction and similar face image retrieval applied on un-
cropped images of Caltech [Colfech,’,on line] [Fei-Fei, 2004] hds not been known
reported in the literature. '

The ideal P - R curve is characterized by highest and constant Precision value 1
for all Recalls, as shown in Figure 11 on Page 43. But, as described in Section 3.3.3, the
prdc’riccl P - R curves are characterized by fall in Precision for increase in the Recall.
Improvement in one measure compromises the other for any Practical CBIR system. in

other words, P — R curves of a practical CBIR system indicates how Precision degrades
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with incredse in Recall. Hence, a CBIR system giving high Precision with high Recall is
considered to be a good system in terms of the P - R performance measures.

The exhaustive CBIR results, analysis and inferences of these performance
measures for qucnﬁfcﬁve analysis of proposed methods based on (i} Color codes of
entire imcge (i) Foreground color codes (i) Foreground shape correlation (iv)
Combingtion of foreground color codes and shape correlation with selectable
percem‘agé propbrﬁon of weight of forégroﬁnd célor codes and foreground shape
correlation for composite similarity measure (v} Similar face - images containing
complex background have been carried out in various sections of the Chapter. The A
performcxhce of the proposed me_fhods can be judged with following absolute P — R
measures:

o The fallin Precision is low for increase in Recall
o The average Prec_ision at 0.5 giving good Recdll
o Precision of 1 is attainable for some methods with some queries

The option 6f sélecﬁng the method of image retrieval with broader color
descriptors, foreground shape and foreground color descriptor with selectable weights,
maps the need and perception of a user giving good absolute performance measures

of Precision & Recall.

6.13 Concluding Remark

A user has been offered to opt for the method of retrieval to map needs & choice
for Retrieval with good Precision & Recall ...
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