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Quadrant Based Vertical Distance Method for Face Shape Representation
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Abstract: To measure similarity between face shapes, quadrant based vertical distance method is proposed.
The face shape curve is divided into 4 quadrants with the centroid of the curve as origin. The face shape curve
on each quadrant 1s represented with a list of the distance of any boundary pomnt on the quadrant to horisontal
axis of the same quadrant. The nearest pomt from vertical axis at each quadrant 1s choosen as starting point
to obtain rotation invariant. This representation aimed to describe dominant characteristic of face shape curve
represented by the curvature of curve at upside and downside. To measure similarity between shape
representation, a Fuzzy Euclidean distance method is proposed. A zmf membership function is used to map
the Euclidean distance of 2 descriptor’s components to certain similarity value [0, 1]. Experimental result on
345 faces shows that quadrant based vertical distance method 13 more efficient and gives average precision 28%
improved than those of the conventional method. This result shows that the proposed method is promising to
be used for face retrieval and recognition system.
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INTRODUCTION

Shape 13 one of the low level features besides color
and texture that 1s used in a lot of image retrieval systems
(Wang and Dai, 2007; Gorbel, 1992; Kunttu et al, 2003;
Zhang and T, 2003; Lee et al., 2003; McElroy et al.,
1995). Shape 1s mmportant n representing significant
regions n image and can be sufficient to recognize
objects without other visual cues (Zhan and Roskies,
1972). There are 2 methods to represent shape, region
based and contour based (Zhang and Lu, 2003). Among
the contour based methods are shape signature and
spectral descriptor. Shape signature represent shape
based on edge of curve and represented as complex
coordinate or centroid distance (Zhang and Lu, 2003).
Spectral  descriptor represents shape on frequency
domain by transform shape signature with Fourier
transform or wavelet transform. This representation is
more robust to noise and have been implemented on
shape analysis (Purcoru, 1998) shape coding (Zhang and
Lu, 2003; Lee et al., 2003; Zhan and Roskies, 1972;
Toth and Aach, 2003), shape classification (Kunttu et al.,
2003; McElroy ef al., 1995) and shape retrieval. Besides
shape representation, another problem on image retrieval
system is how to measure similarity between shape
representation. To measure similarity, there are 2

categories of similarity measure, i.e., conventional method
based on metric, i.e., distance (Kulkarni, 2007) and fuzzy
based method (Tian et al., 1996, Omhover et ai., 2004,
Chen and Chu, 2005).

Regarding the development of face retrieval system
based on shape query, there are 2 problems to address,
i.e., shape representation and similarity measure. There are
2 challenges on defining shape representation for face.
First, distinction between face shape type is difficult.
Second, 1t 18 hard to formulate mathematic equation for a
face shape type. Although, the distiction between face
shape type is difficult, the shape representation should
represent face shape type and can be used to distinguish
2 different face shape types. After shape representation is
acomplished then similarity measure between shape
representation should be defined and must represent
similarity as sameness on face shape type. To overcome
this problem, quadrant based vertical distance method is
proposed. The face shape curve is devided into 4
quadrants with the centroid of curve as the origin. The
face shape curve on each quadrant is represented with a
list of the distance of boundary point to horisontal axis
on the quadrant. The nearest point from vertical axis at
each quadrant is choosen as starting point to obtain
rotation invariant. This representation describes dominant
characteristic of face shape curve represented by the
curvature of the cwrve at upside and downside. To
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measure similarity between face shape, Fuzzy Eucdidean
distatice method is applied & zmf membership function
is used to map the Fuclidean distance of 2 descriptor’s
compotierts to a certain similavity walue [0, 1] This
approach  overcome the drawbacks of certroid to
boundary distance-based face shape representation

CENTROID TO BOUNDARY DISTANCE METHOD

Centroid to boundary distance method can he
categotized as shape signatore and represent shape as a
list of distance from center poirt to bowndary poird of
face shape curve. Thism ethod has been used to represent
face shape look from sideview (Liposcak and Loticaric,
1299, Representation of face shape uwang centroid to
boundary distance method is shown at Fig 1

chape represertation using centroid to boundary
distatice method is shown at Fig 2. Shape i3 represented
by 1-Dimensiona function of distance between certer
point to boundary poirt. The center poirt of face shape
curve 15 defined az

(1)
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where, (x, ¥) is coordinste of i-th bouwndary point.
Distance bebtreen center poitd to i-th boundary poirt is
defined as:
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Fig 1. Shape representation with distance to center point
method of face shape

26

Fig 2: Centroidto howndary distance approach

where, (% v.) is cetter poirt. This represertation is
ohtaitied to achdeve translation irrrarisnee. A point with
otientation 180° from the center point is chosen as
starting point of shape representation to achiewe rotation
imvariance, To enmwe that 1 point from 10 shape
represertation is compared with the match poirt from
other then an angle based resampling point is accom plish

There are 2 drawbacks of centroid to boundary
distatice method that reduce retrieval performatice. First,
this tepresentation can not deseribe cotrectly  the
domminant characteristic of face shape shown by the
curvature of face shape curve at wup side and down side.
Second, difficudties onidentify the position of dominant
characteristic of fare shape in shape representation make
impossitle to apply weighting factor on similarity walue to
impr ove retrievd performance.

QUADRANT BASED VERTICAL DISTANCE
METHOD (PROPOSED)

In order to overcome the drawbacks of boundary to
cettroid distance method, there are 2 tecludgues can
be implemented First, To represent dominant
chatacteristic of face shape shown by the cwvatwre of
face shape ourve at wp side and down side then face
ghape must be represented with vertical lines connect a
point at face boundary to a reference horizortal line,
ie, hotizontal awis Becond dividing face shape curve
into 4 guadrart enswe that matching between shape
represertation is cotcacted in correct postition This
partitions alzo intended to accommodate condition that
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Fig 3: Quadrart based vertical distanice approach
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Fig 4: Face shape represertation using gquadrant based
vertical distance method

the left and right fraction of face shape does not always
symitiety. Quadrant also makes possible to implement
weighting on similarity walue A Larger weighting
factor can be applied to the fractions of face provide
tajor contritution in identify face type (e, downside
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fractions). Approach  that tring togather these 2
techricues so called gquadrant based vertical distance
method,

Quadrart based vertica distance method for shape
tepresentation is obtain by the following steps: First, find
the centroid of the face shape curve by Eg. 1. 2nd, make
hotizontal and wertica axis with the certroid as origin
These axiz iz used to devide face shape cuwrve into 4
quadrant (Fig 3. Shape representation of each quadrard
is obtan by calealate the distance hetween aty boundary
poitttothe horizontal avis The nearest point from vertical
avig at each cquadrard is choosen as starting point to
obtain rotaticn ivrariant. Thety a secuence of distance is
stored in a list. Figure 4 shows representation of face
shape in quadsart based vertical distance.

SIMILARITY MEASURE

The approach to provide rank to face itmages based
oty the shape similarity with respect to the query shape is
conducted by comparing the shape representation of face
ith age in database with shape representation of the query.
To achiewe the goal of retriewal system then similarity
walue between face shape must be related with sameness
in face type.

Fuzrzy euwclidean distance: Euclidesn distance or also
cotud dered as lindow i distanice with p=2 iz a common
distatice measiy e ent. Jimil arity measure bebween shape
tepresentation x and v is computed by distance fanction
G, where, similarity is defined as 1-&0x,%). Euclidean
distance between 2 point is defined as

3 (2= |z-7], = ;(Xj_yj )2 &

whete, x andyyisfeatire vector of compared image.

Fuzzy Euclidean distatice maps this Euclidesn
distatice to similarity walue [0, 1] use advardage of zmf
fuzzy membership funcion The main idea of this
ittplementati or is to map acceptable distance to similarity
1, unacceptable distance to similarity 0 atd moake smoooth
transition between 0 and 1. Similarity walue by a zmf
function is defined as:
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where, x is Euclidean distance between 2 compared
element, a and b is extreme of the slope of curve. Graphic
representation of zmf function shown in Fig. 5.

Mapping distance to certain similarity value by
taking adventage of a zmf function is aimed to resolve
fuzzyness of face shape type caused by variation on face
shape type. It also aimed to remove affect of the
inaccurateness of extraction result caused by fuzzyness
of face boundary. Similarity among face shape based on
face type is obtained by implementation of fuzzy
Euclidean distance function.

Fuzzy similarity measure: Fuzzy similarity measure is
applied to obtain global similarity measure between 2 face
shape. Fuzzy similarity measure is applied with adjusting
weighting factor of each quadrant. Fuzzy similarity
between face shape defined by equation:
l -
0.75
0.54

0.25

Fig. 5: a zmf function with [a, b] = [3, 7]
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where, Wy, W, W3, dan w, is weight factor for quadrant 1,
2, 3 and 4, respectively and w, + w,+ w;+ w, = 1.
Quadrant I and IV is assigned with greater
weighting factor than quadrant I and II because the
similarity between face shape is dominated by equality of
curvature on quadrant IIT and I'V. The assigning small
weighting factor on quadrant I and IT also aimed to reduce

S{q.t)= =l

inaccuracy on measurement caused by imprecision of
boundary extraction at up side. The difficulties on
boundary extraction caused by the face boundary
obscured by hair.

RESULTS AND DISCUSSION

To show performance of proposed method,
experiment is conducted to compare quadrant based
vertical distance-based face shape repesentation using
Fuzzy Euclidean distance as similarity measure function
(QbVD) and centroid to boundary distance-based face
shape representation using Euclidean distance (BtoCD).
The experiment is conducted on a database that contains
345 faces from 4 face shape categories (oval, round,
triangle and square).
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Fig. 6: Screenshot of face retrieval system based on face shape query
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The experiment is conducted on interface that
shown at Fig. 6. The user input the shape query
by select the shape from template at “sinyalemen
wajah”. At the next steps, user must choose the
extraction method and similarity measure from the
combo box “Deskriptor” and Kemiripan, respectively. To
start searching user must click button Search on
Database.

The testing is performed by using one sample of each
category as a query. Ideally, similar image (i.e., image from
the same category) should be retrieved m higher ranks.
The performance of the system 1s measured based on
computation time and recall precision. Computation time
defined as extraction time plus searching time. Recall
precision are the most common evaluation measure in
information retrieval.

Table 2: Computation time of face retrieval system based on shape query (on millisecond)

Method mee Data: 150—---=--  —=m--- Data : 200------  —===--- Data 250-----—-  —=meee] Data 300-------

Boundary to Centroid Distance 3485 31 4180 31 5047 31 6579 47

Quadrant Based Vertical Distance 2566 312 2852 422 4125 500 5000 688
1.2 . 1.2 5

(a)  Precision recall on triangle type

Precision

Precision recall on square type
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(b)  Precision recall on oval type

{g) Precisicon recall on round type
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Fig. 7a-e: Interpolation of precision recall of each query image 1, 2, 3, 4 and average precision recall
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Recall is the fraction of the relevant documents which
has been retrieved and precision is the fraction of the
retrieved documents which is relevant as define in
Equation (Manning et af., 2007):

Recall = Number of relevant retrived objects

(6)

Number of relevant objects

Number of relevant retrived objects

(7)

Precision =

Number of retrived objects

Then to get precision value on eleven standard recall
point nterpolation 18 conducted with (Mamning et al.,
2007):;

(8)

p(r,) =max,__, p(r)

where, precision at j-th standard recall is the maximum
precision at recall between j-th recall point and (j+1)-th
recall point.

To evaluate the retrieval performance of system over
all test query, average precision is calculated from
precision values at different recall levels. Figure 7 show
the interpolation of precission and recall of experimental
result. Precision and recall calculated just for top 10
retrieved image.

Figure 7a-d show the interpolation of precision and
recall from each query. Differentiation of recall point for
each query shows that shape representation 1s not
sufficent yet to represent all face type. Figure 7e shows
the average precision recall from over all test query.
Average precision of overall query with BtoCD method 1s
47% and QbVD is 75%. The average precision with QbVD
mcrease 28%. Improvement of average precision shows
that the goal of applying similarity measure based on
Fuzzy theory 1s obtained.

This achievement shows that fuzzyness on face
shape type caused by variation of face shape can be
handled with similarity measure based on Fuzzy theory.
Similarity as identical face type can be achieved by
mapping distance between 2 compared element of shape
representation to similarity value with zmf function.

Table 2 represent the computation time (feature
extraction and searching time) of the compared methods.
Although, searching time of QbVD-based method
increase significantly, the total computation time of
QbVD-based still faster then BtoCD-based. This
mncreasing of time consuming by QbVD method caused by
2 steps added on similarity measure, i.e., mapping
Euclidean distance to zmf function and applying fuzzy
similarity measure. Graphic representation of computation
time shown at Fig. 8.
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Fig. 8: Computation time of BtoCD-based and QbVD-

based method
CONCLUSION
Vertical quadrant distance-based face shape

representation is proposed to represent the fuzzyness of
face shape type. In this method, face shape is represented
with 4 list of distance between boundary pomnt to
horisontal line from 4 quadrant. To measure similarity
between face shape, Fuzzy Fuclidean distance method is
applied. A zmf membership function is used to map the
Euclidean distance of 2 descriptor component to a certain
similarity value [0, 1]. Global sunilarity i1s obtain using
fuzzy similarity measure. Similarity measure achieve by
similarity value represent similarity between face shape
based on face type. To show performance of the
proposed method, comparation with boundary to centroid
distance method is done.

Experimental result shows that computation time of
vertical quadrant distance method faster then boundary
to centroid distance method. The average precision of
boundary to centroid distance method achieve 47% and
average precision of quadrant based vertical distance
method achieve 75%. It can be concluded that quadrant
based vertical distance method can describe dominant
characteristic of face type and reduce fuzzyness of face
type.

The development of system based on the proposed
method demonstrates the real applicability of face retrieval
system. This result shows that quadrant based vertical
distance method improves retrieval performance and can
be used as the part of the component based face retrieval
system.
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