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Abstract—The evaluation and measurement of human body All the works that have addressed the problem ofafa

dimensions are achieved by physical anthropométns research
was conducted in view of the importance of anthrogwic indices
of the face in forensic medicine, surgery, and weddimaging. The
main goal of this research is to optimization afidhfeature point by
establishing a mathematical relationship amongafaf@atures and
used optimize feature points for age classificatiBmce selected

feature point detection so far can be grouped saweral
categories on the basis of their inherent techmsiqugich will
be discussed in section Il. Since human facesigec lot of
information, and the subjects of human face arengbd
mainly due to three reasons viz. age, gender amidcegroup.

facial feature points are located to the area dfitmonose, eyes and As the age seems to be the main cause of the fd@alges, it

eyebrow on facial images, all desire facial feapoints are extracted
accurately. According this proposes method; sixtdguclidean
distances are calculated from the eighteen selefeteidl feature
points vertically as well as horizontally. The nwtfatical

relationships among horizontal and vertical disésnare established.

Moreover, it is also discovered that distanceshef fiacial feature
follows a constant ratio due to age progressione Histances
between the specified features points increase reitpect the age
progression of a human from his or her childhoottbe ratio of the
distances does not change = 1.618) . Finally, according to the

proposed mathematical relationship four independéeature

distances related to eight feature points are welefrom sixteen
distances and eighteen feature point’s respectifélgse four feature
distances are used for classification of age uSogport Vector
Machine (SVM)-Sequential Minimal Optimizatiq®MO) algorithm

and shown around 96 % accuracy. Experiment reshdivs the
proposed system is effective and accurate for Egsification.

has come to the forefront. That is because thegdsof the

facial appearance due to the aging show some unique

characteristics when compared with other reasonshab
founded that the facial changes can happen within periods
of a human’s lifetime. That is during the period infancy,
childhood, youth hood and old age. It may be difficco
identify these people by examining their old phoagips,
because their facial appearance might have changedly
due to the natural aging process. One goal ofrisisarch is to
find out whether a conclusion can be arrived atoalsow the
appearance of a face changes subject to age l&welchieve
this goal, some objectives must be accomplished Brto
identify the facial features which are changingjeabto time
according to the age [2] [3].

There are a lot of researches have been done ifietdeof
facial feature extraction and analysis by this timeer the

Keywords—3D Face Model, Face Anthropometrics, Facial Feature§,orid. There are many techniques are applied teaexthe

Extraction, Feature distances, SVM-SMO

I. INTRODUCTION
ETECTING and tracking facial feature points frondeo

features of the face during that time [1-10]. Hoeg\a little
number of papers discussed or discovered how #tergs of
a face are related to each other for a specifisquerAlthough
anthropometric measurement of face provides

sequences has been attracted significantly 'nweaﬁﬁformation about the location of facial featuriédias already

interests in recent years [1-10]. Facial featurentsoare
usually located on the corners, tips or mid poaftshe facial
components. Identification of facial feature peiqiays an
important role in many facial image applicationsslihuman
computer interaction, video surveillance, face ciéte and
recognition, age grouping, expression classificgtidace
modeling and animation, face anthropometric, 2D 3Ddace

design, robotics and so on[3-5]. Many approachesge ha

already been attempted towards addressing thidgmmbbut
complexities added by circumstances like inter-peas
variation (i.e. gender, race), intra-personal clean@.e. pose,
expression) and inconsistency of acquisition coowt (i.e.

lighting, image resolution) have made the taskegdifficult

and challenging.
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been used in their detection and localizationhla paper, we

have explored the approach of using a mathematicall

developed, reusable anthropometric face model
localization of the facial features as well as gk&ction of the
18-most important facial feature points on the fdeeclidean
feature distances are calculated from the selef#atlres.
Additionally, mathematical relationships are estdigdd
among calculated feature distances. Finally, wel usgy four
feature distances for age classification that almekted to
eight feature points. The main concern of this paeto
optimize of facial feature points by establishing
mathematical relationship among facial features aseéd
optimize feature points for age classification gssupport
vector machine (SVM)-Sequential Minimal Optimizatio
(SMO) algorithm.

The subsequent discussion has been organized leto t

following six sections: Section Il presents relatedrks,
Section Il explains the proposed method, Sectibdiscusses
on age classification using optimized facial feagiiiSection V

useful
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shows experimental
discussion, and finally Section VI describes cosiclos and
future works of this study. The related works dEtresearch
are discussed in the next sections

Il. RELATED WORKS

The related researches of the above mentioned ptnaee
as follows: In [1] presented the anthropometricefanodel
base on 18-feature points. Also automatic extragbimcesses
of their selecting facial features points and dffemess of
points to design a face anthropometric model hagenb
discussed. The facial appearance might have chduméo the
nature of aging process is discussed in [2]. Tlaeeedifferent
types of horizontal and one vertical distance dists between
the selected features like height of face, widthpsf, height of
forehead etc as horizontal distance, the lengthetornea as
vertical distance are considered in this paper.edeer, the
proposed system only conducted to synthesize tlogalfa
images of people whose age is beyond to 30 yeaventy
selected facial feature points based on expressioognition
system are proposed in the paper [3]. Thirteenzbatal and
vertical distances among the selected featuresarsidered.

In [4] an expression recognition system was progose

considering 26 automatic fiducial point of humamedalt is
also mentioned the fiducial points are consideoeeixtract the
facial salient points are usually located on theneos of the
eye, corners of the eyebrows, outer corners ofipise and so
on. Adaboost classifier is considered as a clasgifin tool in
this paper. There are twenty selected facial feafwints
based facial action detection system using suppedtor
machine is proposed in [5]. Ramanathan and Chelldpp
proposed a modeling of age progression in youngsfarsing
24 landmarks of facial images. This paper demotestran
age separated face images of individual less tapears of
age. In [7] proposed a face anthropometric modséthan 57
landmarks of facial images.

Geometrical shapes of facial features have beeptadan
several works for facial feature point localizatemd detection
[8] [9]. Each feature is demonstrated as a geonatshape;
for example, the shape of the eyeball is a cirole the shape
of an eyelid is ellipse. This method can detectafafeatures
very well in neutral faces, but fails to show gqmetformance
in handling the large variation in face images ooz due to
pose and expression [10]. Due to the inherentcdities of
detecting facial feature points using only a singieage,
spatio-temporal information captured from subsetjfimes
of video sequence has been used in some other foork
detection and tracking facial feature points [12][1Some
works have also used image intensity as the mogobriant
parameter for detection and localization of fadieatures
[13][14].Finally, we have considered some othegference
related to the other’s relevant topics like datebersd software
of this research work. However, according to abadigeussion
we found some papers are related to facial feapmiat’'s
extraction and face anthropometrics model but thaee no
information of those reference papers on how theafa
features of a person are related to each othertbemetically
or statistically and how to change of facial featudue to age

results of the propose systemd aprogression of human. Most of the previous researaked at

least eighteen facial feature points for their sgal system
model.

The research in age estimation (age determinatioage
classification) has increase significantly sinced2(q17, 18,
19, 20, and 21]. There huge numbers of researclksnare
already done and still running on age classificatiteld
because of its dynamicity. In the next section we going to
represent our propose method in details.

Firstly, according to this proposed method 18 fafg@ature
points and 16 facial features distance betweertsgldeatures
points are calculated. Most of the selected feapmiats are
related to the mouth, nose, eye, eye brow.

PROPOSED METHOD

(@) (b)
Fig. 1 (a) 18 selected feature points (b) Exampmasarements of
proposed model.

The Fig.1 (a) and Table.1 shows the selected 1®irfea
points and description of the feature points of grepose
method respectively. The proposed distance measmtem
among the selected facial feature points is repteddn Fig.1

(b).

TABLE |
DESCRIPTIONSOF SELECTED FEATURE POINTS

Point No. Points Descriptior
1 Top of the head
2 Left eyebrow outer corn
3 Left eyebrow inner corner
4 Right eyebrow inner corn
5 Right eyebrow outer corner
6 Left eye outer corni
7 Left eye inner corner
8 Right eye inner corn
9 Right eye outer corner
1C Left most point of fac
11 Right most point of face
12 Left nose corne
13 Top of the nose
14 Right nose corn
15 Left corner of the mouth
16 Middle of the mout
17 Right corner of the mouth
18 Tip of the chii
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There are elevens distances respect to horizorislamd
five distances respect to vertical axis on thedlathage are
represented in this section. The descriptions aizdwotal and
vertical distances of selected feature points hosva in Table
Il and Table Ill respectively.

The selected 18 feature points of a facial imagmfA to R
are shown in Fig.1 (b). According to Fig.1 (b), wwave
assigned alphabet horizontally and selected hawd@oints
to calculate horizontal distances for establishielgtionship
among the distances first. The horizontal distarares their
relationship according to Fig.l1 (b) as
BC, DE, FG, HI, FI, GH, CD, LN, LM, OQ and

JK are distances of the horizontal selected points dace.

Respect to the calculated distances we establistiomeship

among these feature distances, where

BC =DF and FG = HI
BC/FG=1618,GH/CD = 1618

also,
FI/OQ=0Q/LN =LN/LM = 1618
TABLE I
HORISONTAL DISTANCE BETWEEN THE FEATURESPOINTS
Direction  No. Features Definition

1 Width of left eyebrow wleb = x. —xg

2 Width of right
eyebrow

3 Width of left eye
4 Width of right eye

wreb = Xg — Xp

wle = Xg = Xg
wre =X, =Xy

5 Eye outer cornet €0C =X, —Xg
. distanc
Horizontal g Eye inner cornet eic=Xy —Xg
distanci
7 Eyebrow inner cornet ebc = xp — X¢
distance
8 Nose corner distance ncd = X — X,
9 Nose corner and ncmpd = Xy, — X,

middle points distance

10  Width of mouth wom = Xg = Xo
11 Width of the face wof =Xy —X;
TABLE III
VERTICAL DISTANCE BETWEEN THE FEATURESPOINTS
Direction No. Features Definition
1 Top of head and chin  thed = yg —y,
points distance
2 Top of head and nose thnmd =y,, -y,
middle points distance
) Nose and mouth nmmd = yp =Yy
Vertical middle points distance
4 Mouth middle and mmed =y —Yp
chin points distance
5 Nose middle and chin  nmed = y; -y,

points distance

follows:

According to these relationships Fig 2 shows thecsed
three horizontal distances likeG, GH, OQ are enough to
calculate remained seven distances those areddtatsther’s
selected feature points. In this study we haveidensd OQ

from LN orOQ.

Fig. 2 Finally selected and used feature distannéspoints from
intra-feature distances relationships

On the other hand there are five vertical distamedsulated
from the selected feature points and relationsimpreg the

distances as follows: AR, AM, MP, PR, andMRare
distances between selected vertical feature points.

Fig. 3 Measured Horizontal and Vertical distanceighit and width
of face of a boy in (a) age 14 and (b) 9 years old
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Selected attribute
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Selected attribute

Where,
AR/AM = AM /MR=MR/PR=PR/MR= 1618
Fig.2 shows that the final considered vertical stasice

is PR, We have also discovered that the relationship bertwe

height and width of face exist as follows.
AR/JK = 1618
Among the five vertical distances only one distanse
calculated between middle mouth points to chin pdither’s
distances are calculated from the represented matfl
relationships among the selected vertical featucéntg.

Name: Attributel
Missing: 0 (0%)

Type: Numeric Name: Attribute2

i Type: Numer
Distinct: 27 Unigue: 0 (0%) Missing: 0 (0%} Distinct: 33 Unique: 0 (0%)

Statistic Value Statistic Value
Minimum 0.08 Minmum .13
Maxinum 0.58 Maximum 0.505
Viean 0.202 Fiean 0.28
Stdev 0.13 |StdDev 0.08

Class: Class (Nom)

v [ Visualize Al v [ Visualize Al

Among the selected 16 distances and from establishe (@) (b)

relationships among the selected feature pointsoptenized
feature points and finally used only eight poimtstéad of 16
points. As the selected facial features distaneefeltows a
mathematical relationship. Finally, only four feau

distanced~G, GH, OQ, andPR are used to classify of age

in this study. In Fig 3 (a) and (b) shows horiadnvertical
distances and face height and width relationshig @erson
for 14 years and 9 years respectively.

According to the relationship mentioned abovegsitiear
that four feature distances are enough to calcalatbe others
distances for facial image to extract the desiredtures
according to this proposed method. Finally, Insteeighteen
feature points we used only eight feature pointthis study.
The main concern of this paper is to optimizatidnfazial
feature point by establishing a mathematical retesthip
among facial feature and used optimize featuretdoinage
classification. We have used only four featureatise for age
classification that represented in Fig.2. The neatagraph
represents effective experimental study of this ppeed
feature optimization method.

IV. AGE CLASSIFICATION USING OPTIMIZED FACIAL FEATURES
Matlab-7.9 and WEKA 3.6.3 are used in this studgam

Selected attribute Selectad attribute

Name: Attribute3

Name; Attributed Types Numeric
Missing: 0 (0%) sing: 0 (0%

Type: Numeric
Distinet: 20 Unique: 0 (0%) wissing: 0 (0%) Distinct: 36 Unique: 0 (0%)

Statistic value Statistic value
Mirimum 0.25 0.17
Maximum 0654 1059
Mean 0.458 tean 0
StdDev 0.136 StdDev 0.228

Classi Class (Nom)

- [ visuaiize Al

s Fl

i
4

e
050 0.7 ¥ 1

©) (d)

Fig. 4 Individual four facial feature distance chaeristics

Finally, SVM-SMO algorithm is applied to the finddta set
to classify data according to age using WEKA maghin
learning tools.

V. RESULTS AND DISCUSSION

All experiments have been made using S8MO
algorithm from WEKA machine learning loots develdpia
the JAVA language. The results for age classificatiising
WEKA of this propose system is as follows: numbdr o
instances: 149, Test mode: 10-fold cross-validatidime

Windows-7 environment on Intel® Core™ 2Duo CPU EF20taken to build model: 0.02 seconds.
@ 2.53GHz (2CPUs) desktop with 4096MB RAM. In this

section age classification method is discussectiaild respect
to above mathematical facial features relationshgithod as
an effective application of this proposed optimifaial
feature reduction system. We have collected firadial
datasets from FG-NET Aging Database [22], whichtaims
1,002 face images from 82 subjects. For this cdsdys
around 150 faces for 50 persons are consideredsevhge
ranges are from 3 to 45 years. Class 1 represgetsaage 1 —

10. Class 2 represents age range 11 — 23. And dass

represents ages above 24.Firstly; selected 8 fdemture
points are marked with green points in final faciedage
database. We have marked with selected eight guearts
with identity due to calculate the distances pédijedatlab-
7.9 is used to calculate the Euclidean distancevesst the
selected mark points. Secondly, calculated fourtufea
distances for individual person are stored in skfile as csv
format. The excel file contains around 600 caladatacial
feature distances. Individual distance is consideas an
attributes of final excel file. Here we are reprasg
attributes characteristics in the following Fig 4.

=== ary ———
correctly Classified Instances 143
Incorrectly Classified Instances &

Kappa sTatistic 0.9384
Mean absolute error 0.2312
Root mean squared error 0.2881
Relative absolute error 53.305 %
Root_relative squared error 61.88 %
Total Number of Instances 149

95.9732 %
4.0268 %

——= petailed Accuracy By class ——
Rate FP Rate Precision Recall F-Measure ROC Area Class
o 1 0.935 0.967 0.995 Classl

1 0.021 0.963 1 0.981 0.99 class3
0.943 0.035 0.892 0.943 0.917 0.954 class2
wght Avg.  0.96 0.015 0.962 0.96 0.96 0.982
=== confusion Matrix ===
a ¢’ < classified as
58 0 4 | a=classl
052 0] b=class3
0 "2 33| c=class2

Fig. 5 WEKA outputs for age classification

According to the result it represents around 96%uETy
with correct classification and 4% incorrect cléisation.
From the confusion matrix it can be seen that ato&8
belongs to classl and 4 miss classified. Aroundl&&sified
as class2, 33 classified as class3 and miss-étab&ifshows in
Fig 5. The main advantage of this proposed mettod i
reduction of time complexity and also it is reqdiréess
memory with respect to other proposed method.
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VI. CONCLUSION AND FUTURE WORKS

In this paper, we have proposed optimized faciatuie
based age classification model by establishing emastical
relationships among selected feature points duedace the
computational time. It is also discovered thatrfdistances
calculation among selected facial feature pointsrisugh to
calculate other twelve horizontal and vertical alistes among
18 feature points. As selected features pointsrelated to
mouth, eye, eyebrow, and chin so it is easier teaierom
facial images. The relationship between height wittih of a
face is also represented. The main goal of thisares is find
out whether a conclusion can be arrived at as to tie
appearance of a face changes due to age progreskian
human. Therefore, in order to accomplish this targeis
research used an approach of classified the exdetsdl
feature distances using SVM- SMO algorithm and lfina
classifier shown around 96 % accuracy. The experiahe
results shows that the propose system is robusaecutate to
age classification. This research was conducteg fuml the
FG-NET database for age classification. Furthermaoinés
methodology which happens in a similar way canygiad to
draw conclusions on the aging process in the fagiabes for
each and every ethnic group based on the diffexgat and
various facial expressions. Automatic facial featyroint’'s
detection and extraction will be applied to makepwose
system more perfect and automatic in the futurealli, we
are going to apply this propose facial feature meament
system to design 2D or 3D facial model perfectlg avbustly
in the near future.
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