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ABSTRACT

In this thesis, we present a Content-Based Image Retrieval (CBIR) system using
hierarchical Region of Interest (ROI) query and indexing. During indexing process, all the images
in the database are segmented using Vector Quantization (VQ) technique. Color features of color
histogram and color correlogram analysis are then extracted from each segmented region and
stored in the database as the keys to retrieve the relevant images. In the proposed retrieval system,
users are allowed to select ROI directly over the sample or user’s submission image and the query
process then focuses on the content of the selected ROI in order to find those images containing
similar regions from the database. The hierarchical region-of-interest query is performed to
retrieve the similar images. Two-level search is exploited in this paper. In the first level, the most
important regions, usually the large regions at the center of user’s query, are used to retrieve
images having similar regions using static search. This ensures that we can retrieve all the images
having the most important regions. In the second level, all the remaining regions in user’s query
are used to search from all the retrieved images obtained from the first level. By using the
proposed hierarchical ROI query, the searching time is reduced and the experimental results show
good retrieval performance even in the case where the query ROI is in different scales, points of

view, and background or partially appears in the indexing images.
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¥
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2. Replacement : 1IA15UNU x,(n) AI0AURDONTINS Weight upazinanituauidn
o " Ao [ o . ® > .
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v ¥ v
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o P v a a P ° = U .’,’
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4
drnmiuilseaen ldrefimosund 2 ngulu window & 292 14 Fisher's linear
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2 )=31d,(m-a(OF md ' O=Yld,m-a0OF  (38)
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1A a, unuAuRdonquil 1 o, unuAuRdonguii 2 s? Ao Variance INNGuA 1 uaz
s2 oM Variance 1INNGU 2

SanosHuaEi MR MIUMIAT JG) SMTVUADE | HBZMIRIRIUNUA cut-off 1 O

MYIYA AUBY
m(n) = arg max J (i) (3.9)
;
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(b)  Mid-rise Staircase Quantizer
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A13199 3.1 The Generalize Lloyd Algorithm

Table 3.1 The Generalize Lloyd Algorithm

Step 1.  Begin with an initial codebook C,. Setm =1

Step2. Give the codebook, C_, perform the Lloyd Iteration to generate the

improved codebook C_,..

Step 3.  Compute the average distortion for C_,, . If it has changed by a small

enough amount since the last iteration, stop. Otherwise set m+1 —> m

and go to Step 2.
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v(n) = exp(-T'(n)) (3.13)
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MINN 32 U Agglomerative Clustering Algorithm

Table 3.2  Agglomerative Clustering Algorithm
1. begin initialize ¢, € «n,D, « {x},i=1,.....n
2 do EeE-1
3. find nearest clusters, say, D, and D,
4 merge D, and D;
5. umntil ¢ =¢

6. return cclusters

7. end
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HIERACHICAL REGION OF INTEREST QUERY AND INDEXING FOR CONTENTY-BASED IMAGE
RETRIEVAL

Bounthanh T., Chitsobhuk O., Mitatha S.

Department of Computer Engincering,
King Mongkut’s Institute of Technology, Ladkrabang, 10520 Thailand

Abstract In this paper, we present a Content-based Image Retrieval (CBIR) system using hicrarchical Region of
Interest (ROI) query and indexing. During indexing process, allmcmgcsmﬂ:dmhscmscgumuedusmg%aw
Quuntization (VQ) technique. .Color features of color histogram and color correlogram smalysis are then extracted from
each sepmented region and stored in the datsbase as the key 10 retrieve the relevant images. In the proposed retrieval
system, users are allowed to sclect RO} directly over tbe sample or user’s submission image and the query process then
focuses on the content of the selected RO in order to find those images contalning similar regions from the database.
The hiecarchical region-of-interest query is performed to retrieve the similar images, Two-level seach is cxploited in
thispaper: In the first level; the most impostant regions, isually the large regions at the center of user’s query, ane used
mmwmwmnummmMMmmﬁm“mmmﬁmmmlmmm
most imnportent regions, In the second level; all the sempining regions in user’s query are used to search. from ofl the
retrievet:images obtrined from the first levedl, By using the proposed hierarchical ROI query, the searching time is
rediced and the experimental results show good retrieval performance even in the case where the query RO1 is in

. différent scales; points of view, and background or partially appears in the indexing images,

1. Introduction

More and more digital images are captured and stored in the databases. ©ne of the significant issues is how
this information can be organized such that-fast and efficient browsing, indexing and retrieval of - the imase oo
can be.achieved [1}. A number of indexing and retrieval systems bave becn proposed to query the inages nHe
-tabase {1-3]. Onc approach is the content-based mdmngandrcmcva!,whmhrsw:ddyadoptedsineeaﬂﬂlemﬂ-
ingfl attributes can be derived directly from the content containing in that image itself. The generated dntributes aic
usually the visual features such as color, texture, or shape. These features are used s the'key. to retieve thié relevant
images from the database according to usér’s query. Color histograms (3} are:generalty used as color featmreiito
'descﬂﬁmheglohalcolordxsm‘bluionmanmagaﬁvenmshﬁwtnstogmmmbewmpmodasdyandisinmi-
amwmnclungesinvxcwingposim it does 1ot give any spatial or structure of colors in the image. This may
£ou3E fiilse positives especially in large databases since differcat imnges may have similar global color distribution,
"o soli: this problem, color comrelogram (4, 8] was proposed in.order 1o incorporate-sgatial comrelation of colors
with thésgipbal distribution of local spatial correlationr of colors: This featurcs easy to compute. whife'fhe size of the

Rq;jewl systemsarealso important. Séveral retrieval systems: tadlpafumzmt’ouekvamw
from'the datdase-using features extracted from all regions of the user’s.query image.. This type of query is good
when user wants 16 find similarimage to the example, which unlikely happens. Users aspally try tosearch for such-a
specific object, such as “find a.golden car’; and sometimes do not pay attention on background or othes objects in
the sample image. Therefore; the refrieval system shonld allow human assistance to specify region-of-interest and
thert idenrify images that best describe the user’s ROT query using the pre-calculated featuzes.

. Z The proposed fudexing algarithm

+In ihw proposed algorithin, each image:is segmented into N homogengous tegions using.vecttis quantization

of, talor iffforingtion, Before stimentation' protess, peer: group. filtering and perceptinal color qdantization [6] &8
mﬁdmm&mmmdnmw&mmmmcmga%whmmwaMmmm
remioved noise mﬁwmb&ﬁmﬁg@deﬂmmﬂ&!ﬁmhﬂn image. Then;:the. smootlicd image is segmented wsingd
‘madified general Lloyd (GLA) vector quintizafivn technique. V. algorithm requires a set of inifia} classification.
Obe approach uses random initialization (o generate the initial clagsification set ;?) Howevet, usmg rangom
initialization, the segmentation results may be different in the Gise- thaf the samé:chject or ROV is in different
backgrounditnagesormemmgmcommnthcchmROl but in different sizes or points of view duc to the
randomness-of pixel values, This leads to the difficulty in matching user's query ROI with the similar regions of the
images in the database. Therefore, in this paper, color quantization is used to first generate the initial color scts. By
singihe. proposed initialization technique, the ssgmentation process results in the similar segmented regions even
m«m&m&mm discussed sbove. After initialization process, a modified GLA is performed to further
norflinearly classify the large initialized color scts into smaller groups using overall distortion of cach group. The
mmber of tlusters is set to'be slighn) larger than the actual need. The correctness of the estimation is not critical
because cluster will be merged in the next step. After GLA, a large number of pixels having approximately the same
color will have more than one cluster beciuse GLA is aimed 1o the minimize the global distortion. An agplometative
clustering algorithm [7] is performed on the cluster centroids to further merge close clusters such that the minimutn
distance between two centroids satisfied a preset threshold. After classification, the quantized color pinels arc
assigned region labels. Then, color features are extracted from each region such as histogram and color correlogram
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[4.8}. Color corrclogram is a spatial extension of the histogram. Given any pixel of color C; in the image colos
correlogram gives the probability that a pixel at distance k away from the given pixel is of color C,. In this paper, the
autocorrelogram is adopted in addition to color histogram. The autocorrelogram provides spatial correlation between
idertical colors. The vectors of histogram and autocorrelogram features are used as indexes for each image in the
dawbase,

3. The Retrieval System

In the proposed retricval system, users arc allowed 10 impose their desired requirements on the query image
using a rectangular box. The ROI selection area is then segmented into N regions using the same technigue as in the
indexing process. For each region in the RO, color features, color histogram and corresponding autocorrelogram,
are extracted as described in previous section. Matdﬁng between user’s selected RO and that of cach target image
from the database is pesformed using similarity comparisons between the extracted features, The similarity measure
used in the proposed system is 8 modified L; distance (relamemeasureofdxstm {9)) of histogram and
autocorrelogram as:

[h ()-h, ")

AEIVED) SSal+h, () +h, (I

-7 )
— {,J,AZ)I +],(l] (1)* (l) (Io

where /and I are the query and the indexing image. A, (/) and ., (I') aro the color histograms ssd

f«!*,,cl(’) and 72}: (£’) are color corrclogram of 1 and I images, respectively.

To retricve relevant images, hierarchical. query 1is performed instead of static query, which searches for N
wmginmmmmequwymu!tsandmanmaranevedmm:m;m&mam sesalt. Static
query requites a tasge amount of search time due to 3 large-number of regions:containing in: indexing image:
MWMMW&W&WmnnMMaWWMm
propagats to:next levels and canise retrieval-esrors 3t the end of query. Therefore, in this paper, two-level seanhi is-
‘proposed, whith notonly can reduce the search time compared to the static search algorithm but also can reduce the
-effects of the mistakes propagating from one level to the next, The proposed hierarchical search is a combination of
the static search and the traditionial hierarchica] scarch. fo the first-level query, the most important regions from
usér's query, usually the large regions at the: center of nser’s query, are matchied with the regiofis in the indoxing
images using the suatic search 1echnique. mﬁmcxmgimams,whichconmmnﬂmcm:mpomm:epmsw
have maiching &rors fess than predefined thresholds, are retrieved from the dgtabase. The refifiement gearch is
pcﬂ’omed:nmemmulcvelqugxymlookforuwmnmgmgtmmmsmfmﬁﬁwmm
images.

4. EXPERIMENTAL RESULTS

We have experimented theé proposed lierarcliica) query and indexing approach using several color features
mchasgloaalcolorhlstogmm,mgmnalgolorlnstogmmmdacombtmonofrcgmml color Kisgogram and its
corrspondmganmmlogmmmmmmmmgommmmugmmmeuw
ROI of user’s query. Thcnmnbcmthistogmnbmsnm“ﬂbmwmuhcdimmcsctks{x 3,5, 7} is used for
computing antocarrelogram festore. The dats __‘,._‘_Mofloo images, inchixding animals, cars, peoples, ﬂom
pubpking, éfc:"Ealt set of images in-the dikabgse. containg. an object withidifferent seales, points of yiew, and
mmmwamms&wWMmewmmmm”&M
a.'icwsoﬁhzllmyspahﬂ translations, anit backgroundS, The veiricval performance of all uxemmuisslnwnuﬁg.

Thie retrieval perforniance is cvaluated using average precision ot cach recall level [x]as follow:

Plr) = Z”’)

whiere P(r) is the average the precision at the recan levcl T, Nq is the number of queries used, and Pi(r) is
the precision at recall r for the ith query. From figure 1, tbe experimental resuhts show that the rowrieval
performance of the proposed features outperforms the other two techniques.

n addition, we also show examples of the retricval results of the butterfly query using each type of color
features are presented in Fig 1.
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Fig. 1. The overali retrieval performance
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©
Fignre £ The rétricvil resplts from different color fiitures, (a) global histograrn,
{b) regional histogram, arid (cy combined regional histogramand autocorrelogram.
As we can see from Fig 1, the ‘retrieval results of using combinéd regional color histogram and
autocosrclogram are better than those of using global histogram and regionat hisjogram only even in.the case whese
the query ROI is in different scales; points of view, and background'or. pastially appears in the indexing images. This
is due to the colot distribution and color. structure information sipported by the combined feature,

5, Conclvsion

In this-paper, we have. investigated hicrarchical query and indexing using regional color histogram and
antocorrelogram analysis compared with the- global cofor histograr and regional color histogram only. Sivce the
selected features provide both color distribution and spatial cotrelation of colors in RO, it can be used effectively 1o
discriminate between differcnt types of RGL The retrieval performance is very efficient even in'the case of differcn
points of view, partial occlusion, and (otally different backgrounds. Mordover, by using the proposed hjerarchical
search, we can reduce the searching time while still mgintdin good retrieval performance, Even though color
indexing seems (o give reasonable retricval results, in- some: cases, only:color feawirss may not be. chotigh 1o
distinguish diffeeent typesof RO1 having simitar colors. In.ornder to furthéy improve the retrieval potformance, other
features: such as texture or:shape. shopld be: incorporated with color-information. Méreover, the resalts from the
scgmeniation process are alsp effect the rétrieval performance: The improvement of segmentation algodthm can
gives better and thus more.meaningful retrieval results
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