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Shape Representation and Sm ilarity M easure Based
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Abstract Shape representation and sin ilarity m easure are mportant and difficult problen s n computer vis on
and have been extenswely studied for decades This paperpresents an enhanced SUSAN (SmalkstUnivalue
Segm ent A ssi ilating Nucleus) Corner Detector for shape representation and an effective alorithm to
establish shape sm ilarity measure based on Delaunay triangulation Firstly delaunay triangulation w as
constructed among corners of each shapew hich has been nom alized n advance Secondl, the Dehunay
graph matrk w as achieved from Delaunay triangulation net F inally, the corners w ere matched by using
spectrum of the graph m atrx.  Shape retrieval Experments have been conducted on the M PEG -7 Core
Experin ent CE-Shape-1 database o f 1 400 inagesw hich illistrate good perfom ance of the alorithm.
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Shape representation and shape s ilarity m easure in i ages are necessary com ponent of any useful
m age retrieval system. T here is a variety o f techniques thathas been proposed in the literature for shape
representation’” *. Comer is one of themostw idely used in all shape representation m ethods How to
detect comers in an m age is a classical problan and m any detectors have been pnoposed[4 ! Sm ith and
Bradym introduced a straightforw ard method called SUSAN by extractng the portion of feature
neghborhoods that is of s ilar intensity valies SUSAN is not sensitve to noise and the accuracy and
speed of the algorithm are reasonable butour experments show that the result is still not satisfied and
there are room s for m provement This paper presents an enhanced SUSAN for comer detection

A fter comer detectbn comer m atching is a canputationally intensive task A number of

[ 6] In
this paper wem atch cornersbetw een two m agesbased onD elaunay T riangulatbns Based onD elaunay

approaches have been proposed to address the theoretical and applied issues of cornerm atchng

T riangu lations som e shape sm ilarity m easure m ethods have been proposed In [2] feature pomnt
histogran which com puted by counting the two largest interior angles of each individual D elaunay
triang le is used for sm ilarity m easure The distance betw een w o shapes is then smpl the L 2-distance
betw een the histograns In[7] it first obtan the smilar triangle pairs and then extend their edges

circularly until allm atching comers are triangulated andm isn atching comers are discarded

I Enhanced SUSAN corner detector

In [4] Smith and Brady mntroduced a straightforw ard method called SUSAN. G iven a digital

mage the USAN areaw ill reach am ininum w hen the nucleus lies on a corner point W e present a new
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comer detection algoritm by mproving the SUSAN comer detector in the follow ing three aspects
First we lm it the search space for corners candidates so that the algorithm becan es more efficient
Second we adopt an adaptive threshold strategy based on bcal brghiness instead of one threshold for
the whole mage Third, we remove the false or the ambiuous comers according to a comer
contrbution m easurem ethod

Based on fact that a comer is an end of an edge we only need to search for comers from points on
edges nstead ofwhole m age Therefore, the algorithm first perfom s edge detection by Sobel operator
Then from the edges select points whose values ofm easure are above a threshold as comer cand dates

The selection of the threshold of brightness difference is a key to perfom ance of the SU SAN
operator because different results are obtained for different thresholds In this paper we adoptO tsu'”
adaptive thresho d algo rithm w hich detem ines the threshold based on localbrighiness O tsu is based on
avery smple idea find the threshold thatm inim izes the w eizhted w ith—in class variance This tums out
to be the san e asm ax in izing the betv een—class variance O tsu's operation is done directly on the gray
level histogram, so it's very fast

A 1l of the local m nimums are considered as comer candidates including the false corners
Follow ing criterion is used to remove them. In general aw ell-defined corner shoul have a sharp angle
and wo relative long edges The process of removing false comers is done according to relevance
measureR given by Ri= (X L)X L+ 1) /(L# L#1). Where0:i is the tum angle at the pointP Li, and
L 1are the w o relatve edges w hich have been nom alizedw ith respect to the total length of a polygonal
curve C. The higher the value ofRi, the larger is the contribution to the shape of the awrve If the tum
angle0i and the w o relative edges Li and L+ 1are snall andR: is below a threshold the pontPiw illbe

treat as a false comer and being rem oved

2 Comerm atching based on delaunay triangulation

The proposed comer matchng algorithm is based on Delaunay T riangles The algorithm first
constructs the Delaunay T riang les and D elaunay g raph m atrix, and thenm atches comers using spectrum
of the graph m atri.

LetX= {py p2--,pr} be a setof points in the two dm ensional Euclidean plang nam ely the sites
Partition the plane by labeling each point in the plane to its nearest A1l those points labeled aspifom
the Voronoi region ¥V (pi). V (pi) consists of all the points x s at least as close to pi to any other site”h

Vipie (x| pi- x| pi—xl, ¥V # i)

The setof all points thathavem ore than one nearest site form theV oronoidiagram V(p) for the set

of sites TheDelaunay triangulatonD (p) is the en bedding of the dual graph of the V oronoi diagram

Voronoi V(p) where the nodes of D (p) are the sites of V' (p), and wo
Diagram —\ TS
Delaunay

nodes are connected by an arc if their corresponding V oronoi
polygons share aV oronoiedge Ead face ofD (p) isa triangle as
Triangulation & Taphm atrix The graph isdenoted by G= (V. E), whereV is the

show n n fig 1

W ith the Delaunay triangulation, we construct Delaunay

set of comer nodes and E= VX V is the edgeset For the graph

_ o G, we compute the adjacency matrix A. This is a | V[X [ V]
Fie 1 Voronoidiagran and delaunay

. . matrix whose elamentw ith row ndex 7 and column index j is
triangu lation



4 : D elaunay 263

vl s
0 othemw ise

Based on the D elaunay graph matrix, the comer feature can be derved and described as follow s
From the ad pcency matri 4, we can calculate the egenvaliesA by solving the equaton| 4 -A7l= 0and
the associated eigenvectorsX by solving the systam of equations AX = A" X", wherew is the eigenm ode
index W e order the eigenvahies accordng to the decreasing m agnitude of the eigenvalues i e |A'[> |
N> o> [N The spectrum F eature for the corner representation is constructed from the first ten

ordered eigenvalues of the adjacency m atrix.

3 Experm ental results

3 1 Corner detection

(a) Plane m age (b) Harris detector (¢) SUSAN detector (d) Improved SUSAN detector

Fiz 2 Exan ple of corner detection

W e attem ptedm any different mages butonly one sanple is being depicted here F g 2 show s the
comer detection results by H arris detector”, SUSAN " and our in proved SUSAN algorithm. Comers
are indicated by sn all circle 3 and 4 false cornersw ere detected by H arris and SUSAN detectors while
8 and 3 comers were m issed However no false comerw as detected or any comer w as m issed by
mproved SUSAN algorithm we proposed here Table 1 show s the com parisons of comer detection
3 2 Shape image retrieval

W e perform shape mage retrieval experinent using the M PEG <7 Core Experin ent CE-Shape-1
database to evaluate the perfom ance of DTM akorithm. The database consists of 70 different classes of
shapes each class containing 20 sin ilar objects usually (‘heavily) distorted versions of a single base
shape Thew hole data set therefore consists of 1 400 shapes Each mage w as used as a query, and the
retrieval rate is expressed by the Bull's Eye Percentage (BEP): the fractbn of im ages thatbelong to the
sam e class in the top 40m atches Since them aximum num ber of correctm atches for a sing lequery m age
is 20 the total num ber of correctm atches is 28 000 The overall retrieval rate is com puted as the ratio

of the total num ber of actual correct m atches and the total num ber of possble correctm atches

Tab 1 Can parisons of corner detec tion Tab 2 Perfomance of sin ilarity measures
Evaluatons Harris SUSAN Im proved SU SAN Fvaliations H istogram DTM
False Comers 3 4 0
M iss Comers 8 3 0 BEP 47 49

W e com pare ourmethod (short in DTM ) w ith Delaunay triangulatbn shape representation w ith

121(

histogran = (short inH istogran ). T he retrieval perform ance is shown n table 2 It is observed that our

m ethod outperfom ed by both theH istog ran m ethod.

4  Conclusions

This paper proposed an enhanced corner detector based on SUSAN, algorithm. The mproven ents
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include three aspects A com parison experm ents dem onstrated that this enhanced SUSAN givesm ore
accurate and stable results

This paper also proposed an algorithm to establish shape smilarity m easure based on D elaunay
triangulation (DTM ). Since the spectrum of Delaunay graph m atrix robust to noises and can descrbe

shape m ages better, the proposed algorithm is robust and effective in shape m age retrieval
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