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ABSTRACT

Clustering algorithms are attractive task for identification in pattern recognition. In this
paper we introduce a modification of DBSCAN for recognition purpose. The traditional
DBSCAN is a unsupervised clustering technique. However, we can adapt it for classification
purpose in overlapping data. We use similarity of class ratio applied for handling the overlapping
problem, called ODBSCAN. In our approach, the ODBSCAN classifies data and eliminates

noise. We use the similarity of class ratio to identify the overlapping data.
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12.
13.
14.
15.
16.
17.
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20.

DBSCAN
ClusterID=0
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IF p is CorePoint THEN
ClusterID=ClusterID+1
Assign Cluster of p = ClusterID
Assign Cluster of & — neighborhood of p = ClusterID
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DO
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END IF
END FOR
END
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16.
17.
18.
19.
20.
21.
22.
23.

ODBSCAN
Cluster|D=0
FOR p=1 TO N DO
IF p is not label THEN
IF p is CorePoint THEN
ClusterID=ClusterlD+1
Assign Cluster of p = ClusterID
Assign Cluster of £ — neighborhood of p
(or &~ neighborhood with class ratio according to RegionQuery
function) = ClusterlD
Add & —neighborhood with class ratio of p to Queue
Finding Point Representation of Cluster assign to PRC
DO
q = Dequeue Queue
IF q is Core Point compare with PRC Then
Assign Cluster of & — neighborhood of q
- (or £ — neighborhood with class ratio according to RegionQuery
function compare with PRC) = ClusteriD
Add & — neighborhood with class ratio of q compare with PRC to
Queue
END IF
LOOP UNTIL Queue empty
ELSE
Assign Cluster of p=NOISE
END IF
END IF
END FOR
END
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3.4.2 wmqﬂmsmuﬂmﬂamﬂaﬂummws (Point Representation of

Cluster:PRC)
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1. | CalRepresentativePoint(currentP, representativePointList): Point
2. RETURN representativePointList. first()

3. | END // CalRepresentativePoint

-:i o o Y a L 1 9/ a o 9 a o o
71l 3.6 HadFumgadumuvesndmaes lumsuns laglvausamildinandmnes

3422 gadunuvesadmaeilumsunsiaglynuade (PRC Type 2)
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ffleglundmaesilopiu dwanalugin 3.7

L)

1. | CalRepresentativePoint(currentP, representativePointList) : Point
2. representativePointList.add(currentP)

3. FOR i=0 TO representativePointList.size() DO

4, returnPoint+=representativePointList.elementAt(i)

5. END FOR

6. returnPoint/=representativePointList.size()

7. RETURN returnPoint

8. | END // CalRepresentativePoint
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3.4.3 3Emamgatnunes
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WumsnigadiufsananizgaiiainudedasaIuamaTEnIegad NN Uga

¥ ] 1
i Tiifun1 MaxDiff Admue Awaaslugli 3.8

1. QueryRegion(currentP, representativeP, Eps, MinPts, MaxDiff): SetOfPoint
2. RETURN NCREps(reprcsentativeP)

3. END // QueryRegion
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o v < dy P b 4 a ar - =4 da
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AnuANsasIdunmasugaiiudumuvesndaaes Tiifiun1 MaxDiff
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1. | QueryRegion(currentP, representativeP, Eps, MinPts, MaxDiff): SetOfPoint
2. IF NCRg, (representativeP)>MinPts THEN

3. RETURN NULL

4. ELSE

5. RETURN NEsp(curremP)

6. ENDIF

7. | END// QueryRegion
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MaxDiff 131An31ATanTvesfuaunnswIuiegianualufiuf udd lidlu e

dowuludsnanzfmuamsyadiufoudiu NULL dwaaslugiin 3.10

1. | QueryRegion(currentP, representativeP, Eps, MinPts, MaxDiff): SetOfPoint

2. IF NCREsp(representativeP)>NEps(currentP)/2 AND sofMatch.size()>=MintPts THEN
3. RETURN NEps(currentP)

4. ELSE

5. RETURN NULL

6. ENDIF

7. | END// QueryRegion
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geC, <> 3peC, andVoeC,|dist(p,q) <dist(0,q) (3.9)
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A1519N 4.1 Han1sNaasuFsuINuuA1 MaxDiff Y84 DCR Type 1

MaxDiff Sunundianes SSE CCE
0.1 90 92.30 0.4814
0.2 32 128.85 0.2389
03 13 156.08 0.1176
0.4 8 206.63 0.0958
0.5 8 258.21 0.1322
0.6 6 384.56 0.1338
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MaxDiff Snnuadmaes SSE CCE
0.1 81 97.42 0.4573
0.2 27 138.16 0.2162
0.3 12 172.41 0.1199
0.4 7 223.27 0.0906
0.5 7 351.03 0.1424
0.6 6 418.51 0.1455
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MaxDiff Snundmned SSE CCE
0.1 32 113.90 02112
0.2 8 206.63 0.0958
0.3 6 315.03 0.1220
0.4 6 859.08 0.2987
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Prototype-based Classifier Using Density
Technique

Thanawat PHATTARAWORAMET. Boontee KRUATRACHUE. and Kreangsak TAMEE

Abstract— Clustering algorithms arc atiractive task for
identification In  pattern recognition. In this paper we
introduce & modiflcation of DBSCAN [1] for recogaition
purpose. The traditional DBSCAN Is 2 clustering technique.
However, we can adapt it for classification purpose In nen-
overlapping data. Thus, we use sl mitarity of class ratio applied
to traditional D BSCAN for handling this overlapping problem
catled O-DBSCAN. In our spproach, the DBSCAN clasifies
data ond eBminates nofse. We use the similarity of class ratie
to identify the overlapping data. In classification, points which
are not the nolse from O-DBSCAN, will be used as the

prototypes.

Index Terms — DBSCAN. Overlap Classification, Density-
based Clustering, Prototype-based classification.

I INTRODUCTION

Class is a collection of dam that are similar o ane
another within the same class and are.dissimilar to the
objects in other classes. The process of grouping a set of
physical or abstract objects into classes of simikr objects is
called classification. Classification is very close to clustering
except that the classification is a supervise leaming where
classifier is trained with known class. Classification has wide
applications including market or customer scgmentation,
patiern recognition, biological studies. spatial data analysis,
Web document classification, and many others. Classification
cap be used as a standalone data mining toal to gain insight
into the data distribution, or serve as a preprocessing step for
other data mining algorithms operating on the detecied
cluswers. Chssification ig a dynamic field of rescarch in dma
mining. Many clustering algorithms have been developed.
These can be categorized mto hierarchical, partitioning,
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density-based. grid-based, and model-based methods [2].

The traditional DBSCAN is a clustering technique.
However. we can adapt it for classification purpose in non-
overlapping data. Thus . we use similarity of class ratio applied
to traditional DBSCAN for handling this overapping problem
called O-DBSCAN. In classification, points, those are not the
noise from O-DBSCAN, will be used as the prototypes.

The rest of paper is organized as follows. We discuss the
previous work of clustering algorithm in section I1. In section
L, we describe the density based notion for overlapping
chssification. Section 1V, we introduce our algorithm, which
discovers the overlapping dat. In scction V. we explain the
method to identify the class of unknown data. Section VI, we
present a result and discussion of our method using syntactic
data and the last section is the conclusion.

1. PREVIOUS WORK

There arc two basic types of clustering algorithms:
partitioning  and  hieracchical  algorithm.  Partitioning
algorithms construct a partition of a database of objects into a
set of some clusters. Hicrarchical algorithms create s
hierarchical decomposition of database. The Hierarchical
decomposition is represented by a dendrogmm, a twee that
itcratively splits database into smaller subsets until each subset
consists of only one subject. In research of [1]. they proposed
clustering algorithm, called DBSCAN, for arbitrary shape.
The proposed DBSCAN rely on a density based notation of
clusters. It requires only one input param eter and supports the
user to determine an appropriate value for it The key idea is
that for each point of a cluster the neighborbood of a given
radius has 1o contain at least a minimum number of points.
The shape of a neighborhood is determined by the choice of a
distance function for two points.

database 1 database 2 database 3
Fig.1 Clusters discovered by DBSCAN
There are some previous researches of classification for

overlapping data such as the classification method for
overlapping data {3]. This research used neural network
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chassifier (NCC) and prototype to sutomatically classify the
overlapping data. The center is used as a mean representative
of training dota for cach class. The unclassified patern is
classified by mecasure distance from the class center. If the
distance is in the lower (short radius), the unknown pattem
has the high percemage of being in this class. If the distance is
between the lower and upper (further radius), the pattern has
the probability of being in this class or others. If the distance
is outside the upper, the pattem is not in the class.

Upper

Fig. 2 Area of kower and upper in class A and class B

From fig. 2 A | and A2 ia area of class | and clss 2. Bl is
area of probability data of class | and others, B2 is area of
probability fata of class 2 and others, C is area of dats class |
and class 2.

HE. DENSUTY BASED NOTION FOR OVERLA PPING
CLASSIFICATION

When looking at the sample sets of points depicted in fig.3,
we con casily and unambiguousty detect clusters of points and
noisc.

The main reason why we recognize the clusters is that
within each cluster we have a lypical density of points which
is considerably higher than outside of the chster.
Furthermore, the density within the areas of noisc is lower
than the density in any of the clusters.

g
e w2
F243 w

database 2 database 3

Fig3. Sample Database

database 1

We ry to formalize this intuitive notion of “clusters” and
“noise” in a database D of points of some k-dimensional space
S, The key idea is that for each point of a cluster the
neighborhood of 2 given radius has to contain at least a
minonum number of points. ie. the density in the
neighborhood has 1o exceed some threshold.
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Besides the density of data, in overlap clustering, the other
imporiant parameter is the difference of class proportion in
eps-neighborhood as definitions below:

Definition 1: (Eps-neighbothood of a point) The Eps.
neighborhond of a point p, denoted by Niodp), is delined by

N..(p)={q e D|dist(p.q) =Eps}.

®
o o ® » ® ® ClasaA
®
L
° e o ° ® ChneB
& o0 e o
°* ®
® o 7z ..O
®
* .. ® Y
® o L]

Fig. 3 Eps-neighborhood

Definition 2 Class matio is the proportional of number of
points of each class that is in Eps-neighborhood of a point p.
denoted by
CR(p)=I[r,,1,,..r,Jwherer, =n_/n, +n, +...+0,}

The parameter, Class ratio, identifies probability of point p,
being the member of cach class. n, i the number of

neighborhood points of point p, belonging to class a. In fig 3
the class ratio of point p is CR{p)=[4/9,5.9].

Definition 3: Dissimilarity of class ratio is the difference of
class ratio between point p and q, denoted by

DCR{p.q) = CR{p) ~CR(q}| . wher
| CR(p) - CR(qYI= D 1) —r' |

S
Dissimilarity of class mtio is the summation of the
difference of class ratio between two neighborhood points. If
this value is low, this means these two neighborhood points
havc a high probability being the same class.

Definition 4: Eps-neighborhood with similar class rado is
Eps-neighborhood of peint p which DCR(p, q) € MaxDift .
denoted by
NCy (py={q € D |dist{ p,q) = Eps. DCR(p.q)} $ MaxD{f }

Definition 5: (directly density-reachable) A point p is
directly density-reachable from a point q with respect to £ps,
MinPs if

1 pe NCEM(q) and

2) INC. (@2 MinPts {Core point condition)

1)

Definition 6: (density-reachable) A point p is density.
reachable from a point q with respect lo Eps and MinPts if
there is a chain of points py. ... Pa. P1 = Q. pa = p such thal p,.,
is directly density-reachable fromp..
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Definition 7: (density-connected) A point p is density-
connecied to a point q with respect to Eps and MinPts if there
is a point o such that both, p and q are density-reachable from
o with respect to Eps and MinPts.

Definition 8: (cluster) Let D be a database of points. A
cluster C with respect o Eps and MinPts &s a non-empty
subset of D satisfying the following conditions.

1) ¥ p,q:if pe C and q is density-reachable from p with
respect to Eps and MinPts, thenq € C . (Maximality)

avpq e : p is density-connected to q with respect to
EPS and MinPts. (Connectivity)

Definition 9: (noise) Let C, ,. . .. C, be the clusters of the
daiabase D with respect to parameters Eps, and MinPis,, i =
l...... k. Then we define the noise as the set of points in the
dambase D not belonging to any cluster Ci, ie
noise={peD|Vipe(C }.

IV. O-DBSCAN:OVERLAPPING-DBSCAN

To find a cluster. O-DBSCAN stants with an arbitrary point
p and retrieves all points density-reachable from p with
respect to Eps and MinPts. 1f p is a core point, this procedure
yields a cluster with respect to Eps and MinPts. 1f p isa border
point, no points are density-reachable from p and O-DBSCAN
visits the next point of the dambase, In the following, we
present a basic version of O-DBSCAN omitting details of data
types and generation of additional information about clusters.
In the following, we present the algorithm of O-DBSCAN:

0_DBSCAN (SetOfPoints, Eps, MinPts,MaxDiff)
// Set0fPoints is UNCLASSIFIED
CluscerId := nextId(NOISE):
FOR i FROM 1 TO SetOfPoints.size DO
Point := SectOfPoints.get(1i):
IF Point.ClId = UNCLASSIFIED THEN
IF ExpandCluster({Set0fPoints, Point,
ClusterId, Eps, MinPts, MaxDiff) THEN
ClusterId := nextId{Clusterld)
END IF
ERD IF
END FOR
END; // O_DBSCAN

SetOfPoints is the whole database. Eps and MinPts are
global density parameters. MaxDiff is a global dissimilarity
value to imit that those two points can be neighborhood for
each other or not Function ExpandCluster play very
important role to emerge points in the same cluster which is
presented below:
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ExpandCluster (SecOfPoints, Poire, ClId, Eps,
MinPts, HaxDiff) : Boolean;
seeds:=Set0fPoints. regionQuexry (Point Bps)
IF seeds.size<MinPts THEN // no coxe point
SerOfPoint. changeClId(Poinc ,NOISE) ;
RETURN False;
ELSE // all points in seeds are density-
// reachable from Point
Set0fPoints.changeClIds (seeds ,C11d);
seeds.delece(Poirt) .
WIILE seeds <> Empty DO
current? := seeds. first(};
rasult := Set0fPoirts. regionQuery{currentP,
Eps);
IF result.size >= MinPts THEN
FOR i PROM 1 TO result.size DO
result? := result.get(i);
IF resulcP.ClId
IN {UNCLASSIFIED, NOISE) THEN
I¥ resultP.ClId = UNCLASSIFIRD THEN
seeds. append(resulcP);
END IF:
Set0fPoirts. changeClId{resulcP ,ClId);
END IF; // UNCLASSIFIED or NOISE
END FOR;
END IF; // result.size >= MinPrs
seeds. delete(current?P);
END WHILE; // seeds <> Empry
PETURN True;
END I¥
END; // BExpandCluster

SctOfPoints.regionQuery returns the  Eps-neighbourhood
with similar class ratio of point P in SetOfPoints as a list of
points. Before returning from  SetOfPoints.regionQuery
{spatiat function). this function has to check the dissimilarity
of class ratio of cach point. If any point has dissimilarity of
chss ratio more than MaxDifT value, this point is not included
into the returned fist. Dissimilarity has been shown as below:

Dissimilarity{Poirtl, Point2, MaxDiff) : Boolean;
Dift=0
FOR i FROM CLASS A TO CLASS M DO
Diff := Diff + abs{Pointl.gecClassCount(i)-
Poirr2. getClassCount({i) )’
END FOR
IF Diff>MaxDiff THEN
RETURN False;
RLSE
RETURN True;

END IF
END; // Dissimilarivy

V. IDENTIFICATION METHOD

We propose the method to identify which class the
unknown data belong to, as a detail shown in this section.

Tratned points are used as prototypes to indicate unknown
data which identification method uscs the Eps-neighborhood
of prototypes to identify the class for unknown data. The
percentage of the probability w be that class has been shown
as the identification value. This percentage can be calculated
as:

i

T

-~
N, (P

TIN_(P)]

, where P(a) is the percentage to be class a called class-

P(a)

percenmge of a.

Identification value is represented as a list of class-
percentages, [P(a), P(D),....P(m)]. For example, assume
that there are 3 chsses A. B, and C in class domain, If a listis
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'5%. 75%, 0%] , it means that this unknown point has a
robability befonging to class A equal to 25%, class B 75%
wd class C O%.

e
W %7

Fig. 4 Un-clustering data

VI RESULT AND DISCUSSIOR

in our experiment, we used the syntactic data of two
classes with 25316 overlapping datn in 11670 points as
shown in fig.4. Therc are also some noises in this data. OQur
algorithm can give a good performance to  handle
overlapping data. For 11670 points. there are 24 clusters
with 2 non-overapping clusters. cluster 1* and 2°%. Cluster
3 1o 24 are overiapping clusters. This algorithm can
detect 301 noise points as shown in fig.5,

Fig. § Clustered data.

Vi, CONCLUSION

Our research proposes a prototype based classifiers and
gorithm for overlapping data. Our algorithm is an ¢xtension
f DBSCAN [1}. We apply the dissimilarity of class ratio for
wstering dat. Class-percentage is used in idemtification
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method to identify class for unknown point. Qur algorithm in
this research gives satisfying results.

ACKNOWLEDGMENT

The authors would Jike to thank our colleague. Pongkasem
Polsuntikul, to audit this document during our writing of this
paper and AISTA chair man and commitices for organizing
this conference.

REFERENCES

{1] Easter M., Kricgyl H.-P.. Sander 5., Xu X. A Density-Based Algorithm
for Discovery Clusters in Lasge Sparial Daabases with Nodse,”
L merat lonal Comference on Kaewledge Discavery and Data Mining,
Portland, OR, AAAL Press. 1996, pp-226-231.

2] Jiawei Hlan and Micheline Kamber, Data Mining Conceps and
Techuiques. Morgan Kaufmann, pp. 335-393, 2001,

3} Boamce Kruttachue. Kulwaran W arunsin, Kritawan Siiboon, “The
classified method for oy erlapping data™ ICCA 2004,

{41 M.A.Adop-Nasrand M A, Sid-Alimed. “Fast Laaruning and offivient
memory atitization with a prototype base neura b chasaifier” Patern
Recontition, Vol.28, Nod pp. 81593, 199§,



¥o-uwmana
U o ot A
Swmesiling

4
oy

sz iamsfinm

N.A. 2531
W.f. 2534
W.f. 2537
N.f. 2542

d o
szaunisaniianu

W.f. 2542-2544

59

wa Y

Uszingiaien

wwsuIant iMsIsms
Juf 19 Auenou 2518 NN IaANUBIAWY

137/3 OUUNAIA AR A.Y11D 8.1118 2.1MUBIAY

uMsAnYIsEAVYszandnyl 1nlsaSoulnuaineinis e.vide
9.11UDIAY

WAMTANYISTAUTToNAnYInaUuAU 3n 15T oun1UeInuIAN
9.711U0 9.1 UDIMY

wwnsAnyIsEausaudnyineutals sinlsuSouneinoinu
2.91719 9.1UBINY

WNISANYIIAINTTUNTAsTAUTRG (FAINTSUABURANDS) DINAUL

Seanssusaas unmoanmosIvs edles v.Foelni

andndans e dumisonnsd madninanssunsufiames

AUZIAINTIUMTAT NN TINdoFea vy





