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GFAFHICAL IMAcE FETFIEVAL IN MULTIMEDIA DUUUMENT SYSTEHS:;

Peter L. Stanchev

In the vaper the problem ot retrieving 1mages 1n multimedia document svstems. on
the basis of 3 svecrtication of the image content 1s discuss. The presented approach
allovs a limited 2utcmatic 3nalvsis witnin the tramevork ot a rule-based system tor 1mages
trom a prelimmnarv gescribed domain. The semantic objects contained i1n the 1mages are
intarpretea according to the theory ot evidance. The image query processing 15 based on

srec13l 3ccess structures zenerated from the 1mage analveys process.

1. Introduction: The Problem of Imace Petrieval. The [mage Fetrieval in Uffice
Automation. Could CSMS cr Iks Technijues be of MKelp, There 1s a grovin2 nurker of
application areas wnere digital 1maee processing 1s a primary concern. Huge amounts ot
1mages 1n eiectranic tors 3re produced in environments such as: interactive computer-aided
design. geographic dat3 processing, remete censing ot earth resocurces. regional economic
and health a3ta processing, carvographic and mapping applications (101,

Uken manv :mages have to be compoter manipulated. 1intention to apply the
technology of databases naturallv appears. In the last decade much of the vork in the
tield ot ":mage ditabaces* appears in the ‘Preceedings ot the IEEE vorkshors on pictor:al
4:t3 agescription 2nd m3nagesent®. starting trom 1977 and in some other ceries as:
“Comouter eraphice and 1mage processing®, “Computer vicion. graphics, and  1mage
processing®,  “Image and vicion computing”. ete. Several other sources as: the verk edited
be Chang and Kurir (8], the collections of papers on pictorial aoplicaticns and
intorestion svetems - [21. (71, [16] could serve as a good tntroduction to the field. The
valuable survev ot Tamura and Yokova (28] includes insights into many existed approaches.
35 well 3s. descriotions of several svstees: 6raphics-oriented Felational Algebraic
Interoreter (GPAIN), Felational Databace svetem tor [mages (FEDI). Database cvstem of
Microscapie Cell Imagzes (IDB), etc. and nearly 100 reterences. Another vork [10) besides
som2 cottuire desien 20proiches precents a survev ot ceven commercial svstems, curreatly
available ‘and their sottuvare capabilities (lerox’s HO10 lntormation Svstem, TERA's
Automated Fecords Management Svstems. Teknotron’s Svstems. Scitex’s Pesponse - Z50.°
Toshibs’s Locument Inage Filing Svstem DF2100. CCA’s Spatial Data Management Svustem, 11S°s
Svstem c0) cer:2s ot sottvare oroducts). Different query approaches are described in wvorks
as: [11] - tor lov level image retrieval, [22) - tor 1mage retrieval in CAD/UAM systems,
[27) - for alohanumerical and picture data retrieval. Picture nuerv languages are
gescribed in wvoris as [3). [7). A reviev ot approaches to machine interpretation of
remotelv senzed imazes 15 precented 1n (Z5), . . '

Apart trom the tact tnat svstems appearing under the heading “image databace’
describe often 1m3ge n2ndatabace svetems or nonimage datahase cystems [13), most ot the
existed svstems are application specitic, that 1s. the manner 1n vhich 1mages are stored,
orzanized and retrieved 1s specitic ot 3 certain appiication and cannct be generalized to
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different aoplications. In manv cvstewe, 1mages are stared 1n f:lec which are |inked +o
other 1mage files into structures tor 183ge retrieval and presentatian according o the
logic of the application [18).

Other svstems are based on an underlving datakace uboce schems descrihee the ipage
content and composition [12], These svstems can exploit the flezibility of DENS. In
particular. the query language and the access structuree implemented 1n the DEMS are verw
povertul for retrieval operations, but thev are limited bv the fart that the content of
the images must be described using data models vhich are develored for database custews
rather than 1mage svstems, and so thev Jack the expressive rover needed for 1maces, In
fact. 1mages are inherentlv ditterent trom databace records: thece records can be divided
In difterent classes according to their Interpretation. The recerd structure /1, e, the
schema) can be described at class (1. e. tvre) level, fince the ratic of imstances rer
tvre 15 verv high tfor datahase svstems, the resulting storage strectures and access
methods are verv etticient., On the coatrary, each 1mage mav have 1ts oun particular
structure, and 3 vhole semantic netvork [28) may be necessary to completlv describe each
image 1nstance. : :

A nev appiication area vhere the problem ot 1mage ctorine and retrieval hae heen
addressed 1s otfice automation. 4 nev information obrect 1s defined. the myltiredia
document. uhere 1mages are comb:ned vith attribute data, text, and verce (291, [!S).
Svstems tor the storage and retrieval of large volumes of these dacumente are ynqer etudu
(31, One ot the main functions ot these svetems 15 the access to multimed:s daryeent:
based on their content. Hovever. vhile these swctems Incorperate efficient arcesze methnds
for attribute data and test, thev can do very little tor 1magec, Their approach 1e oiten
to link 1mages to other more ctructured corponents of the multimedia cocurent, and then
exploit the combined access to them (29), .

For the retrieval of decuments by content. multimedia document svetems can exrlo:t
verv efficient techniques borroved from DEMS {301, vhen tormatted data :e sonrerpe?, or
from Intormation Petrieval Svstems (IPS) (211, when text 1s concerned. Comparable
techniques are not aviilahle for 1mages,

The main conceptual problem 1n dealing with 1mages derives trom the d:ffienlty +o
exactly detine and interpret the content of 1nages, Imyges can be verv rich 1n semapt)ns,
but are subject to ditferent Interpretations according te the human percect:ve or ths
application demain. On one hand. it 1s drfti~olt to recognize ‘*he obiects fupth the
asscciated interpretation) rcontained 1n an 1mage. on the cther hand 1t 1€ dittrcult +o
determine and represent the mutual relationships among these objects. since thev form
structures vhich vary greatlv trom 1mage to 1mage.

For the problem of image retrieval by content, one could think to app)y DEMS or
IFS technitues. Hovever. with recpect to DBNS’s, it ¢ difficult te reccenrze repular
structures of objects contained 1n images, and then organize image instinces into a
limted number of tvpes, to vhich the tnterpretation 1< associated. This 1¢ “the approash -
required bv the strictly tuped data wodels adented in database svstems [23). In [F3,
instead. a tree tormatting ot text ¢ alloved. wewallv respecting some locse hierarchica|
structuring 1in sections., sub-sections. paragraphs and sentences. These svectems dn pot
attempt to understand the test (unless some expert system approach 1s adopted), but <!l
allov an etfective retrieval on text. In fact. as opposed to tmage ohjerts, thev can
exactly recognize words (ac aSLIl ratterns), on which thev base their retriepa!
capabilities, with the possible help of thesaurus to suprort svnonvms [23), This is
possible, in cace ot text, becagse a common semantic 1s associated to the vorde yeed 1p
the natural language, Hence, both DMS and IFS aprreaches cannot be cirect!y applied to
the 1mage retrieval,



_2, Our Appreach to Image Fetrieval. In addrescing tre oroblem ot :mage retriesal
trom volumes of stored 1aages. if we vant *o think ct a svstem dcing for rmapes vhat [E43
and [FS do for tormatted data and text, we wmust accept come .indeterm'pantnese,
rharacteristic of 1mages. and then deal vith the inaccuracy introdyced b this fart, In
(201 an anproach based on the tuzzv set theory has been applied to the analverc and
description of pictorial 1mages, fertainty factors tor the recognition of obrects inside
the 1mages are computed using tuzzy logie rules, j :

Hovever. a wmajor practical vroblem for pictorial 1magec is the element
recoenition. The +first step in the 1mage analvsis and recoenition precess 1€ the
decomposition of the im2ges into reievant and 1dentifiable elements, vhich are the basic
components vhich will constitute the building blocks ot the i1mage structure.

In this step, often called segmentation 1n pictorial image processing (. the
image space 15 partitioned 1nto leanxngiul regions, cerresponding to 1mage elemeats, Atter
the segmentation, the svstem must recognize the tentative elements 1n the 1mage. matching
them vith the pictorial reprecentation te¢. 1cons stored 1n a catalog) ot the elements. to
be searched (1. e. template elements). In this process. difterent variations as changes in
size. rotation, translation (eg. using discrete Feurier transtorms), can be attempted.. 2
additional problem arises vhen partial element cverlapping occurs 1n the 1mage,

The resnlt ot this process should be the set of basic elements reccenized and
therr relative positions. Hovever., this is a highlv computing intensive process.  which
often requires special hardvare, as arrav processors, exploiting the inhereat parallelizm
of the algortthms in order to have acceptable response times. In the end..the svsten right
even not be able to exactly 1dent1§v the sinele elements,

Instead, in dealing vith graphncal 1mages ve explore the advantage the 1mages not
to be entered 1nto the svstem through a scanning device, but to be generated br core
interactive " graphical editor. Therefore. the segmentation process is not mecessarv. Yisic
elements are recognized without uncertainty since they can be described in terms. of the
graphics nrxlltxves of the graphical editors, e

In this paper, an approach is presented fo' the analvsis and retrieval ct
graphical images. It is required that the iaages belong to a spe~itic domain whizh mus* be
described in advance to the evetem. A limited .autematic analysis of the images 13
perforned betore storing the images in the database. Thic process is accoeplished using a
rule-based svstem. The interpretation of the content of the images :s baced on *ne
Dempster- Snater theorv of evidence (17].

The real geal ot this image analysis process 1€ not to attemot an" deen 1mage
understanding, but is to support the image retrieval process. In fact, the svstol allovs
the user to query the 1mages, already analyzed and stored. giving soee spec:ficat:on ot
their content. The 1mage aquery processing is based on special access structures !i. e.
image 1ndices) which are generated vhen the 1mage amalvsis 15 pertormed, The ouerv
specification, expressed 1n a linear query languige. indicates the essential features of
the 1sages to be retrieved. ,

3, Main Phases of the Image Petrieval in Multimedia Cocueent System, In, the
folloving the domain description phase, the fundamental phases of image anaivers, the
image storing/indexing, and the 1image retrieval in wmultimedia docusent cystem. are
presented in accordance vith developed methodology.

3.1. Pomain Description, The dowain descripticn tuncticn surplies vith 1n1txal
information the various phases of image analvsis. It comprisec: hisic elements, re!=’xons
and correcpondent attributes establishment (for bacic element organizatien phacel:
production rules base development (for recursive object recognition phase!: rl:ss
representative 1mages 1ndication (for 1mage interpretation and clustering nhace), All
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these detinitions are presented more explicitelv in the descriptions cof the corresoordent
phases.

3.2, Image Analvsis. The tour phases of image analysis are described in what
tollovs:

3.2.1, Basic Element Oreanization. In this step the initial reprecentaticn ot the
mmage 1n terms of a graph of hasic elements 1s generated trom the graphics primitives of
the vhole 1mage.

The graph formalism vhich ve have adopted for this purpoce 15 the Atiribated
Pelational %raph (3PG) [14). in ac-ordance with wich an AR5 15 a relaticnal structuere
vhich consists of a set ot nodes and a set of branches reprecerting the relations betveen
the nodes. both nodes and branches mav have =ome attridutes assigned to them,

If the nodes of an ARG aie used to represent the basic elements in the 1vage, nd
the image properties are assigned as attributes to the respective nodes, and the relatiors
between two Dbasic elements are reprecented by attributed branches bhetween the
corresponding nodes, the folloving géraph of basic elements is obtained: &= (N, B, A, E,
6yy) Gg) , vhere N (N={nj , np,ueey nyy, }) - a tinite cet o nodes: ! N1 is the
number of nodes in N; B (B = (b, , by ,..., by, })- 2 set of ordered node rairs (or
directed branches), i. e.. b= (nj, n;)  forsome 1I'£ i, ) < 1NI denotes the
branch emanating from node ny tonode n; and I B I is the number of branches in Bj

A - an alphabet ot node attributes:

E - an alphabet of branch attributes;

6y - a function (or a set of functions) for generatirg the node attributes:

6 - a function (or a set of functions) for !eneratln! the branch attributes,

For the obtaining ot ARG graph structures from praphics  primtives a
multi-tunction graphical editor has been developed, which is based on CLore graphical
standard [24] and incorporates graphical editor functions and APG ‘techniques. It
establishes the graphics elements, relations and correspondent attributes during the
application domain description and creates images and gemerates correspondent APS
representations during the image analvsis.

As an attribute ot node or branches in an AFE reprecentation the multi-fonction
graphical editor also establishes recognition degree (PD), which represents hov close to
the exact the node or branch has been tound. For the purpose an ARG graph distance measure
boroved from [13] 15 used.

In this phase, since the nomber of basic egraphics elements present inside the
image is verv large, we have decided not to use a rule svstem, vith a generalized
inference mechanism, in order to avoid computational complexity involved in this approach,
Instead, for the organization of basic graphic elements into basic image elements of the
application, we have adopted the approach based vn APE technijues. vhich allovs the uce of
object recognition algorithms vith polvnomial computational complexzity, Ye pav this choice
vith less flexibility in the description formaliss tor the basic elements. (In the
folloving phase, for the recognition of more complex and semanticallv more rich objects,
ve have used a generalized inferential system, since the number of objects (and rules) in
the plav is a lot more limited.)

3.2,2, PRecursive Object Pecognition. The purpose of this phase 1s to compose more
cosplex objects from the basic elements recognised and organized 1n the previous phase.
This task is accomplished by recursively applving the production rules defined for the
particular application domain, Ve have used an inference mechanism based on backvard
chaining: the system tryes to recognize 1n the ARG graph any complex objects, using their
recursive definitions.
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The rules detine also the degree of recognition ot an object as average valuy of
PD of all the elements and branches containing this object (determined dur:ing the

previous step).
After this step a sequence 1n the torm (1) 1s obtained:

{0][(/’”,1,’), 500’0’ s'(ﬂ,”,lls')},oa-’

(1
{0,,,(,(1,,,,!,,,),...,0,, sp My 9n~lns,,)} g
Soch a sequence describes an 1mage vith n distinct phvsical objects. The unit
0, j(Myjslypis @ semantical representation of the physical object i li=ly Zy..ow ) in
the 1mage 1n the )- th ()=, 2;...,'s; )  recogmiticn (1, e, a semantic object).
My amd Iy are respectively the PD and the list of attributes of the .i- th
phvsical object in the )- th recogmition.

In our approach we chose the log¢ic programmng language Prolog to express the
obrect recognition rules, and a weta-interpretator vritten in Frolog to perform the okiect
recognition, as part ot the image analysis tuaction. .

3.2.3. Ohiect Interpretation. Let us supgose that a graph portion, corresponding
to a physical object in the image, has been recognized through several rules as ditferent
semantic obrects each vith sertain recognttion degree.

Nev representations ot the physical object coold be obtained, in wvhich the
semantic objects, constructed from identical semantic objects 2re incorporated. by
coaverting the different recogaition degrees 1nto a belief interval. For this purpose the
Dempster-Shafer theory of £videnpe”f17l 1s applied.

The belief function Bel (0; ) (1=1, 2,.... n) gives the total amount ct belief
consitted to the object 0; after all evidence bearing on 0;  has been pooled. The
function Bel provides additional intormation about 0; , mamely Bel (0; ) . the
extent to vhich the evidence supports the megation of 0; , i, e. 0; . The quantity

{-Bel (0; ) expresses the plassibility ot 07 , i. e.. the exteat to which the
evidence a‘lovs one to fail to doadt 0; . The interval
(Bel (0; ), 1-Bel (D; )]
is called belief 1nterval.

Furthermore, Barnett’s schese (2] is used to compute the helief interval for everv
gbrect interpretation in the image, as it follovs:

First, all recognition degrees of the identical interpretations ot a physical
object 0; (i=l, 2,..., 0) in the image are combined. If A4,...,H represent
different degrees ot object recogznition, the combined support to the object is

P'.. =’-("ﬂ’)(l"‘_42)ano ("'ﬂ,‘) . :
Then Bel(0; ) and Bel(D; ) are calculated:

Bel(o;)=KxLp, [d;]

VEJ
and &
Bel(0;) =K x (,;pa;-J[J%' R

vhere: o
Kri =1
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and

K= Lr1d e 5= —ej-J
et ¥ J'J[ * J"" a‘l ’
a;.-_-[-p’.

ind ’ s l.z,-.._-ll.
After this step, the sequence (1) is redoced to the sequence:

(2) {0,,(L8el(q,,), 1- 86l N1, )....0 o, (Bel(0, o hi-8el(d, )],l,%)f,

P | 0,, (L8l ,),1-8el(Gy 1)), ], )., Opg (LBl g, ), - Bel (B 10,0 5 )}

vhere q,-o,(l—/4, Wil ).

In such sequence, ub;ects interpretations vith lov belief could be om:tted,

3.2.4. Image Inteypretation and Clustering. The interpretation of an image, as
result of the analvsis, is in terms ot the interpretations of the composing objects.
Therefore, the sequence (2) is an image interpretation.

The clustering process concists in adding to the obtained image description
information about the l&lhershlp degree of the image to everv defined class. This is made
bv cosparing the image interpretation vith all the given class descrjptions (i, e, with
the class centraid images descriptions). This process is similar to the clustering process
ln Information Retrieval Systems [21],

: The memberchip degres ot an image to a class is ascumed to be the inverse of the
distance of the image interpretation to the class representative image, The distance
between two 1magec 12 detined 3¢ the vecterial dictance betveen their interpretatione,
According to this. an image is represepted bv 3 vector vhoce elemente are the ohiects, and
the value ot each element is the mean value of the beleif interval ot the correseending
obrect in the image interpretation. The vector elements should be ordered according to
sore ¢lobal ordering of all the objects in the domain: if scme object ic not precent in
the image the element value is zera.

After thie computation, the clustering description of the 1mage is e:rressed ae 2
sequence:

(3 Mo Mariaii s

vhere 4y is the memberchip degree cf the image to the class K. .

3.3. Image Storage and Indexing. Ve will nov discuss the two phasec of image
storage and image indexing,

3.3.1. Image Storage, In our approach. along vith the file containing the image
presentation ve must also store the added information resulting from image analysis,

The image file will contain the graphical image as the sequence of the graphirs
prinitives used for the image composition by the graphics editor. In our case the image
file wvill be constituted by the SunCore [24] metafile, stored as a set of segments, each
containing graphic elements vith the associated attributes.

3.3.2. Yrage Indexing. The complete image description. resulting from the analvexe
phase, 1is considered in terms of the probabilistic model as cowposition of ohjects, at
different level of couplexxtv. vith the associted interval ot beliet. Hovever. 1t 1f
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essent1al to +tind a suitable storaze representation tcr this added intormation since the
etficiencv of the 1mage retrieval process 15 based on it. For tmis purpose. 1t 15 usz2ful
to define some tvpe ot indexing cn cbrects and associated beliet 1ntervale.

The 1mage a3ccess informstion 1s stored in an "i1mage header®. assocrated Lo the
image t1le. In this header ve store:

= One sequence (3), containing the 1mage clustering descriotion, Each term of
these sequence cortains the membership degree ot the complete 1mage 1n one of the :eage
classes of the arplication. This kind of information 1s more svathetical., stnce 1t refere
to the 1mage as 3 vhale.

- One sequence (2), The same pbject mav appear more times in the sequence, one for
each appearance of that obiect 1n the image interrretation. This kind of information. is -
wore analvtical, since 1t refers to the corposition ot the 1mage.

Access structures (that is, the image indices) can be burlt for a t2¢t access to
image headers. Two tvpe ot indices are constructed:

= Object index. For each obrect a list 1s maintained. Each element of the lict is
copstituted bv a list ot elements (BI. IMH). vhere [MH 15 a pointer to aa image header.
meaning that the object is present in that image, BI 15 the associated belief interwal.
For querv processing, 1t 1s very important to maintain the list i1n decreasing order of BI.
The order 1s computed using the mean viues of the beliet intervals.

- Cluster index. For each class detined in the application. a list of elereqts
(0. IMH) 15 wmaintained. IMH 1s 2 pointer to an 1mage heater, corresponding tn an imife
vith a non-null deeree ot membership to this cluster. and MD i< the valve of the
senbership degree. For querv processing, it 1s very important to waitain the list in
decreasing order ot MD.

3.4, [mage Retrleval, The ouerv langmage 1s an exteasion to the existed querv
language (4] developed for text retrieval;

The querv statement 1< 1n the torm: PETEIEVE IMAGES <imaze _clause’,

The {1mage_clause contains the <{cluster_clause) and/or the (oh1ect ~lanse},

The <(cluster_clause) 15 a bonlean combination ot <cluster predecate)’s. each ot
the form: {class nale) (cluster_degree).

This predxca!e indicates that the 1nages 1n the database with a sxnxlarxt: te the
named class higher than the (memdership_value> should be retrieved (as requested in the
boolean expression). The (cluster clause> mav be missing 1t the (object_clagce) 1s
rresent.

The <object_clause) is a boolean combination of <object predicate’’s, each ot the
form: <obrect_name) ¢degree_of_recognition).

The (object_clause) must be evaluated. according to he boclean exprescion, taking
into account onlv the images 1n ' the datibase containing those abiects, named as

(object_name>, with the lcver value of the beliet interval higher . than the

(deg¢ree_of _recognition). The WITH operator, 1n a {obiect predicate>, serves the purpose of
adding ronditions to the attributes associated to the object nared as (object_name:,

All the stored images having a distance lower than the required accurasr vill
constitute the query amsver set. With thic approach, the querv ansvere can be ordered bv
decreasing similarity to the querv specitication, so 2 user mav limit the cine cof the
ansver and can receive a ranked output ot the retrieved images, (These 2dvantases are
tupical of the information retrieval techniques {231),

A brovsine tacilitv becomes essential in this approach. That 15, the wvser chould
have the possibilitv of brovsing through the retrieved imades. Since the image retrieval
is not an exact process (since there 15 no exact vav ot definine the 1mage centent) and
even the user may forget essential characteristics of the sought 1mages, <everal ron
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pertinent 1mages can be retrieved ac a result ot a query, Moreover. relevance teed-hary
and querv reformulation (23] 3re enphasized, since at anv moment the user can 40 hazk to
the query tormulation step, 1+ dissatistied by the reculte vhich he 1¢ eetting, and change
some aspects of the querv specification, :

4. Conclusions. Second prototvpe 1¢ under development. It run: on SUN:T
verkstation. under Unix 4. 2, It 1s written 1n C and Guintus Prolog and uses the Sunlore
graphic package.

The tirst prototype (2!) hae heen implemented on a IEM FC/AT compnter and drale
vith buciness graphical images, generated bv a commercial businese graphical editor i1, e,
the oraph Ascistant). The image analvers process has been implemented using Turbo-Froleg.
under MS/DOS, ¢ ; fla

" The precented recults are developed during the valuable cooperative vork with E,
Bertino and F. Pabitti from IEI, Pisa and b, Conti from Olivett:, Fisa,
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HIBAUYARE HA TPASOMYAN HI0BPARERM]
B CHCTEMA C PAJHOPOIHO COIWPEARME HA DOKYMEHTHTE

llerwp N. Cranves

B crarmgra ce pasrnemna mpo6neMa 3a W3IBANYARe K3 WIOEPAXEHNS B CCTEMN C
PA3AOPOANO CHOBDXAHME H3 DOKYNEHTETE K3 6a23Ta WA ONpenengue Ha CLALPXINRETO K3 1O
n306paxenns, [lpencrasesusr noaz0n NO3PONGRA YACTNYEH aHanK3 B PAMKETE H3 CECTEMI Ppaenna
3acqrawn N306paxenns OT NpPeABAPATENHO ONNC3HA OpepMetHa o6nact. Cemamrmunnre cherrn,
ChABPEAAN Ce P W306PAXEANITa Ce NHYEPUPETEPAT C MOMOWT3 HA BePOSTHOCTN K NpPapnONOBENCCT,
Topcenero ka w306paxesns c2 53INPa Ha COEUNANHN CTPYETVPN 33 NOCTRA, CHINABAMM NPH 3HaIN3a
Ba M306paxesngra. ' «
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