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Abstract— Face recognition from an image is a popular
problem in biometrics research. In the last decade, a lot of
research has been done in this area. The advantage of face
based identification over other biometrics is its wide
acceptability as it does not require any keys, tokens, smart
cards, PINs, plastic cards or passwords etc. In this work, face
recognition has been done using several feature based
approaches. Two new methods are presented in which simple
yet useful new features are proposed and evaluated. The main
contribution of this paper is usage of a slope table along with
other features for face recognition. The slopes of different
fiducial points of facial components (left eye, right eye, nose
and lips) are computed to fill the slope table. These two
methods are compared with the existing approaches based on
popular features like principal components and ratios of facial
components. The results show that our proposed methods
outperform these existing approaches.

[. INTRODUCTION

VER the last decade or so, a very popular area of

interest undoubtedly is the face recognition. This
reputation has been established in multiple domains
including computer vision, image processing, pattern
recognition, networks, neuroscience, cognitive
science, psychology and physiology. In recent years
Biometric-based systems have become the most skillful
preference for recognizing personnel and, one of the
imperative Biometric technique is, face recognition in which
passwords, smart cards, PINs, plastic cards, tokens and keys
are not obligatory for authentication. Passwords and PINs
are sturdy to remember; keys, tokens, cards can cause
if misplaced, stolen, duplicated or become
unreadable. On the other hand, an individual’s biological
personality cannot be misplaced, forgotten, stolen or
fictitious. What lays down facial recognition apart from
other biometrics is that it can be used for the intention of
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surveillance. All the way through the past few years, face
recognition has acknowledged an immense level of interest.
There are two reasons for this vigorous growth in biometric
systems, first is the wide range of commercial and law
enforcement applications and second is the easy availability
and feasibility of required hardware resources.

II. RELATED WORK

The idea of face recognition was implemented in 1960
with semi-automated system. A photograph was marked to
locate the major features such as ears, eyes, mouth and nose.
Ratios and distances of the facial features were computed
from common reference point as marked in the image and
then compared with other data. Lesk, Harmon and Goldstein
created a system of finding 21 points including lips thickness
and hair color. Although, these points proved difficult to be
identified automatically [5].

Another approach known as Eigen faces was founded by
Kirby and Sirovich at Brown University [33]. Since then
many people have developed and extended the Eigen faces
on the basic ideas described in the original paper. Fisher et
al. explained to measure different features of the face and
mapped them all onto a global shape, although later it was
found that these features do not contain enough unique data
to represent an adult face [3].

Ping Du et al. [21] proposed an approach for face
recognition in which SVM was combined with nearest
centre classification (NCC). The principal component
analysis (PCA) was used to reduce dimension and extract
features. Then support vector machine based classifier was
applied in combination with the nearest centre classifier for
the task of classification. The experimental results show that
the combination of SVMs with nearest centre is a better
discriminative algorithm than the individual BP neural
network [26], sole SVMs or the nearest centre classification
approach for face recognition. The philosophy behind this is
based on the idea that their discriminative capabilities are
not totally overlapped so NCC may work on the samples
where SVMs fail.

Hua Gu Guangda Su Cheng Du [22] presented an approach
that could automatically locate the feature points with high
accuracy. Although its accuracy was not good in scenarios
having large angle rotation, yet the method provided a
feasible way to locate the positions of two eyeballs, near and
far corners of the eyes, the midpoint of nostrils, and the



corners of mouth from a face image. By using this approach
it could be helpful to extract useful face features of the
human face automatically and improve the accuracy of face
recognition.

Gregory et al. [1] described techniques in unevenly
sequential order that identify and analyze linear and non-
linear subspaces of the facial features. They applied the
Eigen faces and the Bayesian methods [27] for probabilistic
data analysis, and discussed the results of these techniques.
Practical issues related to the application of subspace
methods for expression varying pose and illuminations were
also discussed.

Shivani Gupta et al. [19] investigated Support Vector
Machines (SVMs) in their paper. They explained the
working of SVMs on the Cambridge ORL face dataset [28]
that comprises of 400 images of 40 persons, which contained
a high amount of inconsistency in pose, expression, and
other facial details. Face recognition system comprised of
two key phases, an automation of facial feature extraction
process and an approach to choose the finest feature among
the measured ones that considerably increases face
recognition effectiveness of SVM. James Peters introduced,
Near Set approach, as an outcome of generalization of rough
set theory [29]. They have also presented that by consuming
SVM with face feature selection by near set approach on
ORL face database has error rate of 0.2% which is
comparatively very less as compared to the error rates found
in the previous works done on the ORL face database [19].

Irene Kotsia et al. [20] presented two approaches for face
expression recognition in sequences of facial images. The
user physically places some of Candide grid nodes to face
breakthroughs showed at the first frame of the image order
in analysis. By using the deformation and grid-tracking
system, which is typically based on deformable models that
tracks the grid in successive video frames over the period,
facial expression are changing, up until the frame resembles
to the highest facial expression strength. As the definite
selected Candide nodes make a geometrical displacement,
this displacement is well-defined as the dissimilarity of the
node matches among the first and the highest facial
expression strength frame. This is then used as an input to a
multiclass Support Vector Machine. The results when
concluded for facial expression recognition using the
suggested multiclass SVMs, Cohn—Kanade database [30]
show a recognition accurateness of 99.7% and facial
expression recognition on FAU detection showed 95.1%
accuracy.

Ce Zhan et al. [23] proposes that restraining of facial
feature points locally is a significant phase for numerous
successive facial image studies. A method for extracting 20
facial feature points from image sequences is presented that

works from abstract to finer direction. Specifically, the
Viola-Jones face detection method is extended to detect
small-scale facial components with wide shape variations,
and linear Kalman filters are used to smoothly track the
feature points by handling detection errors and head
rotations. The proposed method achieved higher than 90%
detection rate when tested on the Bio ID face database [31]
and the FG-NET facial expression database [32]. Moreover,
the method shows robust performance against the variation
of face resolutions and facial expressions.

Vinay Hiremath et al. [17] presented that it is superior to
study only a subspace with lesser dimensionality to signify
the face space. Whereas the current system represents some
face space with advanced dimensionality and it is not that
effective.

Another algorithm Principal Component Analysis (PCA)
that is based on an Eigen Face approach which represents a
small set of significant features has been used to describe the
variation between face images. The Principal Component
Analysis (PCA) algorithm has been applied to the face
recognition problem. Experimental results for different
numbers of Eigen faces are shown to verify the viability of
the proposed method. The method was proposed by M.
Slavkovi¢ et al. [18].

Different approaches of face recognition can be divided
into different categories. These categories are as follows:

e Holistic e.g., Eigen Faces

e Machine Learning

e Statistical e.g., PCA, ICA, LDA
e Feature Based

In this paper, we propose different interesting features that
outperform many existing feature based approaches for face
recognition.

A. Feature Based Recognition

Feature-based approaches first process the input image to
identify, extract and measure distinctive facial components
such as the eyes, mouth, nose, etc., as well as other fiducial
points, and then compute the geometric relationships among
those facial points, thus reducing the input facial image to a
vector of geometric features. Standard statistical pattern
recognition techniques are then employed to match faces
using these measurements.

The procedure used for feature based recognition is semi-
automatic [33]. In literature, some of the experimental
results determine that feature based technique is 100%
independent of brightness and contrast. The zoom factor of
the input image is handled by 90% and blurriness up to 95%.
The angle orientation of image can be managed up to 10%
[33]. Table I summarizes this information.



TABLE |
FEATURE BASED FACE RECOGNITION [33]

Criterion Experimental Results

Procedure Semi-automatic

Same image with different name 100% accuracy

Same image with different
brightness

Independent of brightness - 100%

Same image with different contrast Independent of contrast -100%

Different image of same person With same posture & head
orientation- 85%

cannot work if features are not
visible

Zoom and Blur zoom factor handled up to — 90%
Blur - 95%

Angle Orientation Can manage the rotation up to 10%

III. OUR METHODOLOGY

A. Existing and Proposed Approaches

We elaborate the 4 approaches that we implemented and
compared.

1) Existing approaches
Two existing approaches that we discuss are brute force
approach and feature based approach using ratios.

a) Brute Force
In this approach, brute force method is used for
comparison purposes. If there are two frontal images and we
want to check both images are either same or not then we
compare all the pixel values (Fig. 1). If pixel values are
different more than a given threshold, it will not recognize
the image.
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Fig. 1. (Working of Brute Force)

b) Feature based approach using Ratios
In this approach, Ratios are used for comparison. Ratios
of the boundary points of eyes, nose and lips are used.
Ratio between eyes, nose and lips can be obtained by
using this formula
vi=[ Y@ P17 (D)
v=[YPc-P’ 1" (2

Ratio=v,/ v, 3)

Whereas P4 and Py are the left and right points of the eye,
Prand Pg are the upper and lower mid points of the lips
respectively.

2) Our Proposed Approaches
In our experiments, features are extracted using BoRMaN

method [15]. BoRMaN iteratively uses support vector
regression and local appearance based features to provide an
initial prediction of 22 points like eyes, mouth, eyebrows
etc. The methodology presented in this research paper is
taken by an idea of Caricature research paper by Jiye Lee et
al. [13]. Hence, ratio of different invariant features was
calculated and we formulated two approaches as following:
i) Feature based approach using Angles (with BoRMaN),

ii) Feature based approach using Slope Table (with
BoRMaN), it also uses ratios.

a) Feature based Approach using Angles (with
BoRMaN)

BoRMaN extracts 22 facial points on a face, these points
are used to detect facial features; it gives three files with
following formats:

1) .mat file
2) .png files with features
3) Xml file which gives you coordinates Info.

Fig. (2a) shows the distribution of these 22 points in face
organ. Five points are used for the left eye and five points
mark the right eye. Similarly, two points are used for each
eyebrow, three for nose, four for lips and one point is used to
spot chin.

Algorithm of this approach works in the following way;
run BoRMaN and detect all 22 face points for database
images as shown in Fig.4a. Using these facial points
calculate the ratios and angles between facial features
(Fig.2b). Give input image from testing phase and repeat
step 1, 2 and 3. Find Euclidean distance of calculated ratios
and angles between database images and input image. Sum
of Absolute difference (SAD) can also be used rather than
Euclidian distance for this purpose. Results have been
generated using both of these measures. Apply the threshold.
If Euclidean distance or (SAD) < threshold, then recognize
otherwise report that the current image does not exist in our
database.



Fig.2b. (Calculating angles and ratios from the detected facial feature
points)

Angles between eyes, nose and lips are obtained by using
these formulae:

Vi =Pq-Pp “)
v, =Py - Pp (5)
0 =cos” (vi.v2/ [vi|.[v2]) (©)

Whereas Pg and P, are the left points of both the eyes and
Py is the left point of the nose.

Standard Absolute difference is measured by:
SAD = 100 * (actual — calculated) / actual @)
Euclidean distance is measured by the formula:

Euclidean distance = ["Y;-; (Q; — P;)*]"?

b) Feature based approach using Slope Table

We have designed a novel approach in which a slope table
is used as a feature for face recognition along with the other
features. The slopes of different fiducial points of facial
components (left eye, right eye, nose and lips) are computed
to fill the slope table.

For each face, four boundary points (obtained from ASM
or BoRMaN) of left and right eye are extracted. Centroid of
each facial component such as (left eye, right eye, nose and
lips) are computed. Euclidean distance is calculated between
centroid and the rest of the points which were detected by
(ASM and BoRMaN). The slope of each point of left eye is

computed and the slope table is filled. Similarly, slope table
of right eye is computed. Four boundary points (obtained
from ASM and BoRMaN) of lips are extracted. The slope of
each point of lips is computed and the slope table is filled.
Slope table for nose is also computed similarly.

Centroid of a facial component is calculated as:

C=(2xi/n, Yyi/m) ®)

Where (x;,y;) are the two coordinates of i-th point of a
facial component.

We calculate distances between the points and the
centroid of each facial component using Euclidean distance.

Let P, and P, be the distance along x-axis and distance
along y-axis of the boundary point to the centroid i.e. if we
draw a line P from boundary point to centroid then P, is the
x component of that line P. P, is the y-component of the line
P. These P, and P, are used to compute the slope as below.

m=tan 6 =P, /P, )

The SVM classifier is trained using these face features
and testing is performed. The results show that this approach
outperforms all the other approaches discussed in this paper.

B. Dataset

Our proposed feature based approaches are evaluated on
two datasets. First is the UMT face database and the second
is a part of the PUT Face database publicly available [25].
UMT face database contains 180 face images. We divide the
dataset into two parts: one is the training set containing 150
face images; the other is the testing set containing 30 face
images. Some original sample images of UMT dataset are
shown in Fig. 3. After preprocessing by a face detecting
system the detected face images serve as the inputs to the
proposed algorithm.

The part of PUT face database which we selected, contains
154 face images. Data Set was divided into two parts: one is
the training set containing 112 face images; the other is the
testing set containing 42 face images. Some original sample
images of PUT dataset are shown in Fig. 4.

More description of both the Datasets is given in the Table
IT and Table III respectively.

A28
44

Fig. 3. (Some images from UMT Face Dataset)



TABLE II
UMT FACE DATA SET DESCRIPTION

TABLE IV
FACE RECOGNITION ACCURACY (USING BORMAN)

Properties Description
Number of subjects 5
Number of images/ Videos 180 (150 training and 30 testing)
Static/ Videos Static
Single/ Multiple faces Single
Gray/ Color Color
Resolution 500*375
Face Pose Various Pose

Facial Expression
Illumination

Various Expression
Constant Illumination

Features UMT Face Data (%  PUT Face Data
(using BoRMaN) Accuracy) (% Accuracy)
Ratio 64.00% 58.00%

Angle 66.67% 61.67%

All features (without 88.00% 84.41%

slope table)

Slope table 80.00% 72.70%

All features (with slope 97.33% 92.85%

table)

Percent accuracy for two data sets using BoRMaN and computed
features. SVM is used as the classifier.

TABLE V

FACE RECOGNITION ACCURACY (USING ASM)
Features UMT Face Data (%  PUT Face Data
(using ASM) Accuracy) (% Accuracy)
Ratio 40.00% 36.00%
Angle 30.00% 27.27%
Area 30.67% 26.00%
All features 58.67% 53.24%

3D data -
fl - ‘.
\‘ . d
Yae ')
( )
A
v
Fig.4. (Some images from PUT Face Dataset)
TABLE 11l
PUT FACE DATA SET DESCRIPTION
Properties Description
Number of subjects 7
Number of images/ Videos 154 (112 training and 42 testing)
Static/ Videos Static
Single/ Multiple faces Single
Gray/ Color Color
Resolution 520%390
Face Pose Various Pose

Facial Expression Various Expression
Ilumination Various Illumination
3D data -

IV. RESULTS AND DISCUSSION

Table IV and Table V summarize the results of our
experiments. The percentage accuracy is reported on two
data sets using various features. Table IV shows results for
features that are computed using BoRMaN whereas Table V
shows the results for features computed using ASM. It is
clear from the results that slope table is working as a very
useful face recognition feature, achieving highest accuracy
in both of the data sets.

Face recognition percentage accuracy for two data sets using ASM and
different features. SVM is used as the classifier.

The same individual image with the same camera appear
dramatically different with changes in the lighting conditions
so to solve this problem every image has been normalized
using this formula:

(Imagepixel - Minpixel) / (Maxpixel - Minpixel) *255

After getting invariant features we have calculated the
width and height of eyes, nose and mouth. This information
was not sufficient because images are scaled according to
their height and width. Hence system fails to recognize same
images to solve this problem we have calculated the ratios,
angles and slopes between facial features such as eyes, nose
and mouth, to perform face recognition than just taking
length of eye or width of eye etc.

Selecting the distance threshold value is a critical point for
face recognition. Cross validation was done to select the
threshold value that gave the best accuracy.

Experimental evaluation on other data sets will be carried
out in future to test the error rate in challenging and varying
conditions including situations when facial characteristics
are changed like wearing glasses or grown beard etc.

V. CONCLUSION

In this paper, we experiment with various features for face
recognition problem and propose the use of BorMaN and
slopes. BorMan gives important points of the facial
components. Results prove that feature based face
recognition using BoRMaN and the slopes is the best
approach among all the discussed approaches. BoRMaN
gives 22 invariant face features by which we can easily
calculate features like ratios, angles etc. and match faces.
Besides other extensions, implementing a complete and
accurate attendance system is our future direction in which a
camera is placed on the wall. User will stand in front of the



camera for a moment and if her photo exists in the database,
her attendance will be marked.
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