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1 Introduction

Applications for retrieving still image data are becoming popular given the continued penetration of digital
cameras. ORDBMSs and ODBMSs are typical of the software available to store and retrieve still images. Many
recent DBMSs can calculate the similarity of an image to a key image based on several features. A feature is
an attribute derived by transforming the original image through an-image analysis algorithm, and is typically
represented as a set of floating point numbers, often called a feature vector. For example, QBIC uses RGB
histograms as one image feature([2]). One especially promising technique in content based retrieval extracts
sub-images from image data, stores those sub-images and their parent images in a database, and locates the
desired images according to the similarity between the sub-images and the key image [1][2]

Nested relational quey models can be used to retrieve structured data. Unfortunately, its processing cost is
high because we have to unnest the structured data, execute the desired operations (union, difference, selection,
projection) on it, and renest the results to output the found images(middle part of Figure 1). On the other
hand, object-oriented query models can handle structured objects by executing desired operations on several
objects in a class and traversing to other objects at the database level, but application designers have to remave
the duplication in the traversed objects at the application level(lower part of Figure 1).

The upper part of Figure 1 depicts the query process of our query model. In our query model, we can
handle structured objects directly by assembling a set of classes and relations between classes as input and
output units for query operations. It achieves faster query processing than the nested relational query models,
because it doesn’t have to process the nest and unnest operations. It is also faster than the object-oriented
query model because application designers can depend on the database query optimizer for the whole of the
retrieval process.

Retrieve all image instances whose sub-images are
similar to the key image instance specified by apple.gif
Proposed query model

electio

Nested relational quei model

Objec[ oriented query model
election’ nion
e

Figure 1: Image retrieval process
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2 Query Model
Definition 2.1

C: Collection of all classes in a database.

A: Collection of all attributes and methods tn a database.
R: Collection of all relations in a database.

I: Collection of all instances in a database.

RI: Collection of all relations_instances in a database.
IWC: (C,I) where C € C, and I C ext(C).

IWR: (R,RI) where R€ R, and RI C ezt(R).

model: (set(IWC}, set{IW R)).

M: Collection of model.
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Definition 2.2

Let C,C,€,€C, IC ezt(C),I; C ezt(Cl), I, C 61,'t(Cz), R,RyeR, RI, C ext(Rl),
RI; C ext{R;), and (IW Cset, IW Rset), (IW Cset,, IW Rset; ), (IWCsety, IW Rset;) € M.

union
IWC union: {Cy, 1)) union{Cy,12) = (Ci, I union I)
IWR union: (R, RI}) union(Ry, RI;) = (Ry, RI} union RI3)
model union: (IWCsetl,IWRsetl) unton (IWCsetg,IWRsetz)
(IWCset, union IWCsety, IW Rset, union IW Rset,)
difference
IWC difference: (C1,I}) - (C1,I2) =(Ci, I - I)
IWR difference: (R, RIi) — (R1,RIz) = (Ri,RI, — RI})
model difference: (IWCset,,IW Rset) — (IWCsety, IW Rsetz) =
(IWCset, — IWCsety, IW Rset, — IW Rset;) ,
projection
IWC projection: LetprOJectzons C A
Wpro_;ecimlnc C I) (d I)
where C' .attributes = (C.attributes intersect projections) union (C.method intersect projections), and
I' = {tl¢' aterivutesl t € T}
model projection: Let IWCset = {(Cl,Il) +{Cn, 1)}
Wultnbuiel(Iwcset IWRSCt {Waltmbutu( ]aIl) Tattv-ibul.u(cn'In)}a IWR-?et)
rename
IWC rename: p.(C,1) = (C',I) where C'.name =1z
IWR rename:
Prrom=:(R,RI}) = (R RI) where R .from =1z
pro=z(R, RI) = (R', RI) where Rto=z
model rename: Let IWCset = {(C1,11),...,(Cn,In)}, IW Rset = {(Ry, RI1),..., (Rm, RIm)},
p(Ci, I)) = (C', I;)(0 S i < n), and R,.from =Ci(0L1<n),Re.to=C;(0 <k <n).

pci;—,, (IWCset,IW Rset) = ‘
({(Cls Il )a iy (C 3 Ii)i wery (Cﬂ» Iﬂ)}: {(Rl, RIl)a auny P]rorn:C' (Rb RI[)) vy Plo=C’ (RE’ RI&); ey (Rm, Rm)})
selection Let IWCset = {(C1,5h), .. (CruIn)}y and IW Rset = {(Ry, RI1), ..., (Rm, RIm)}. .
op(IWCset, IW Rset) = ( {(C,,A) 4+ (Crn )}, {(Ba, RL),....,(Rm,RI,)})
where Vi(0 <i<n), 3(0 <j<m)I;c I,,RI C RI;, and
VI,,‘NJ i, € I:,n, € RI, ,p(tl, winy Ti, . TFig) = true
For example, the query statement is expressed below according to the above query model definition.
SELECT z.data,y.data

FROM Imaeage z, z.children y
WHERE y.features similar y.Key('apple.gif'). features;

Tz.data,y. dalu(oy fca!urel similar y.Key(‘a le.gt’f’).]caturu(ﬁ:.children:y(PImogc:z(Iwcset, IWRSCt)))))
where IW Cset = {(Image, ezt(y Image)), (Sublmage, ext(SubImage))},and
IW Rset = {(children, ezt{children))}

3 Conclusion

In this paper, we proposed a query model that can handle structured objects directly by assembling a set
of classes and relations as input and output units for query operations. Our query model is useful especially in
applications that handle structured objects [1}{2], because it offers faster query processing than other models,
nested relational query models and object-oriented query models.

Our plan for future research is to extend our query model to handle the recursive structure of objects, query
optimization, and hiearachical storage management which is suitable for structured image objects.
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