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Abstract
The human face detection from video sequences is an
important biometric component in the design of intelligent
human computer interaction systems for video surveillance,
face recognition, emotion recognition and face database
management. In this paper, an automatic and robust method
to detect human faces from video sequences and track the
same is proposed. A novel algorithm for segmentation of face
regions in video images based on fuzzy geometric face model
is developed. The sparse representation algorithm is used to
track the face along the video sequence. The proposed method,
which is developed as a simple face detection and tracking
approach, is implemented and evaluated with numerous
experiments on videos containing large variations of head
motion, light condition, and facial expressions. The
experimental results show that the proposed method is
effective in detecting and tracking human faces in videos.
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1. INTRODUCTION
The identification of objects and tracking their motion in a
video is a significant research area, which has many
important applications. The human face detection in a
video frame and its feature extraction are considered to be
essential requirements for intelligent vision-based security
surveillance systems. Further, it can be used as a
preprocessing mechanism for high-level applications, such
as face recognition, facial gesture recognition, face
liveness recognition, and so on. Since the human faces are
non-rigid and have a high degree of variability in color,
liveness and pose, several features of human face are not
common to other pattern detection issues. Hence, human
face detection is a more complex task in the computer
vision. In addition, face variability occurs in inter-spatial
relationship among facial features, namely, eyes, nose and
mouth, and also in facial expressions. Occlusion and
illumination conditions can also change the overall
appearance of a face. Such face variabilities often lead to
the large intra-class variations of the face distribution
being highly nonlinear and complex in any space, which
is linear to the original image space.
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An effective face detection system shall detect the
presence of all human faces in the image and give rough
estimation of the positions of all detected faces in real
time. The representation of face patterns, which strongly
affect the performance of an automatic face detection
system, is important for feature extraction and
classification. A good representation has essentially small
within-class variations, large between-class variations,
and is robust to transformations without changing the
class labels. Furthermore, its extraction shall be devoid of
manual operation.
The literature on methods of face detection in digital
images is abundant and can be found in [1-4,17-26]. The
feature-based approaches form one face tracking category.
Maurer and Malsburg [5] and McKenna et al. [6] used the
features extracted by Gabor filters as the cues for face
tracking. This approach is usually insensitive to global
intensity changes and illumination changes. However, it is
computationally expensive, and hence unsuitable for a
real-time application.
The second face tracking category consists of active
appearance model (AAM)-based approaches. AAMs are
the generative, parametric models of certain visual objects
that show both shape and appearance variations [7]. These
variations are represented by linear models such as
principal component analysis (PCA), which finds a
subspace preserving the maximum variance of a given
data. A face model can be constructed from training data
using the AAM, and the face tracking is achieved by
fitting the learned model to an input sequence. Recently,
the view-based AAM [8] and the background-robust AAM
[9,10] were proposed to handle the problems of face
rotation and cluttered background, respectively. However,
the fitting process of AAM fails occasionally and is not
apt for a real-time application.
The third face tracking category comprises skin-colorbased approaches. The property, that human facial colors
of different people are clustered in a certain transformed
2-D color space, is used by Yang and Waibel [11], Raja et
al. [12], Qian et al. [13], Jang and Kweon [14], Schwerdt
and Crowley [15], and Stern and Efros [16] for face
tracking. It is easy to implement, fast, and has a low
computational cost. However, when the illumination
Page 99

International Journal of Emerging Trends & Technology in Computer Science (IJETTCS)
Web Site: www.ijettcs.org Email: editor@ijettcs.org
Volume 4, Issue 6, November - December 2015
ISSN 2278-6856
condition changes drastically and the background image
has a skin-like color, it certainly fails to track the face.
Color adaptation methods have been proposed to
overcome this problem. Raja et al. [12] used a Gaussian
mixture model to represent the skin-color model and
updated the parameters over time as the illumination
condition changed. Qian et al. [13] collected pixel samples
whose filtering scores, based on the general color model,
exceed a prescribed threshold and updated the color
model. Jang and Kweon [14] proposed an adaptive color
model which used the basic structure of condensation.
Stern and Efros [16] used a number of different color
models and switched the models during the tracking
sequence. However, these approaches, which used only
skin color as tracking cue, invariably misidentify skincolored objects in the background as faces.
In the present paper, a novel algorithm is proposed for the
face detection in a video sequence of images based on
fuzzy geometric face model, and for face tracking using
the sparse representation based classification. The rest of
this paper is organized as follows. The Section 2 describes
the proposed method. The experimental results and
discussion are given in the Section 3. The Section 4
concludes the paper.
2. PROPOSED METHOD
The proposed method for face detection and tracking in a
video streaming comprises the following procedures: (i)
Face detection using fuzzy geometric face model, (ii)
Feature extraction using Gabor filter and HOG filter, (iii)
Feature optimization using PCA, and (iv) Face tracking
using sparse representation based classification (SRC)
algorithm, which are described below.
(i) Fuzzy geometric face model for face detection
Firstly, different frames of the input video sequence are
extracted. Then, select the first video frame as the key
frame. The fuzzy geometric face model for face detection
is applied[27,28] to the key frame as explained in the
following: The extracted frame image is preprocessed and
then the eyes are searched on the basis of geometrical
knowledge of the symmetrical relations between eyes. The
other prominent feature, namely, mouth, is searched with
respect to the detected eyes using fuzzy rules, which are
derived from the knowledge of the relative positions of the
facial features in the human faces and the trapezoidal
fuzzy membership functions to represent the uncertainty
of the locations of the facial features due to variations in
poses and facial expressions. A sample output of the face
detection algorithm using fuzzy geometric face model is
shown in the Figure 2.
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Figure 2: Face detection using fuzzy geometric face
model: (a) Original input image, (b) Skin
region extraction, (c) Construction of fuzzy face model,
(d) Detected face.
(ii) Feature extraction using Gabor filter and HOG
filter
In Gabor filter, the size of the input image is chosen in
such a way that the filter results have always the same size
after subsampling. Initially, all the training images are
loaded and converted to grayscale to obtain a single
sample in each pixel. Grayscale images have only black
and white color channels where black has high intensity
information and white color has the least. All the images
are resized to 160 ∗ 160 dimensions to obtain same
number of feature vectors for all the images. The variables
are initialized to calculate edge detection and rotation
values and then the feature vector is constructed. In the
best resolution level, Gabor filters extract fine image
structures of a small image region. In the lower resolution
levels, coarse image structures can be extracted over large
regions.

Figure 1. Block diagram of the proposed method
The HOG filters are used as a feature descriptor to extract
features from image. The descriptor counts the
occurrences of gradient orientation and magnitude in
localized portions of an image. The orientation binning is
performed to obtain rotation values. Each pixel within the
cell casts a weighted vote for an orientation-based
histogram channel based on the values found in the
gradient computation. The descriptor blocks are identified
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to perform normalization and to compute histogram, and
then histograms of all cells are concatenated.
(iii) Feature optimization using PCA
The features obtained from Gabor and HOG filters are
present in large dimensions, which often contain
insignificant features and reduce the prediction accuracy.
The dimensionality reduction of feature space is achieved
by employing the principal component analysis (PCA).
The feature vectors obtained by using PCA convert a set of
observations of possibly correlated variables into a set of
values of linearly uncorrelated variables.
(iv) Sparse representation based classification (SRC)
algorithm
In SRC algorithm, the training gallery is given from a set
of dictionary images and test face track is obtained from
video data[29]. The sparsity weight parameter λ is
initialized as 0.001. The description of the algorithm is as
follows. Initially the training sample vector and test face
track are given as an input. The feature vectors are
normalized to unit length to solve the convex optimization
equation. After normalization, the minimum coefficient
vector for each track in a frame is obtained. Once the
vectors are generated, the residuals are calculated for each
class and the residual distribution is evaluated using
sparsity index to predict the classes.
The main drawback of using convex optimization is that it
uses minimum coefficient vector for each frame in test
face track. Minimum coefficient vector may sometime
lead to improper residuals during distribution which may
lead to misclassification.
The algorithm of the proposed method is given below:
Algorithm:
Step 1. Input video sequence.
Step 2. Extract all the frames from the input video
sequence, and then select the first video frame as the key
frame.
Step 3. Apply the fuzzy geometric face model for
searching the face region in the key frame
using
prominent face features, namely, eyes and mouth, to detect
the face.
Step 4. Perform feature extraction using Gabor filter and
HoG filter. Apply PCA for feature optimization.
Step 5. Select the next video frame and perform the sparse
representation [29] algorithm to determine the object
motion from one video frame to the next frame.
Step 6. Draw the rectangular box for the detected face in
the next frame.
Step 7. Repeat the Step 5 and 6 till the end of the input
video sequence, which results in tracking the detected face
in the video sequence.

evaluating face detection, tracking and recognition
algorithms. Each video sequence is recorded in an indoor
environment at 15 frames per second, and each sequence
lasted for at least 15 seconds. The resolution of each video
sequence is 640x480. Every individual is recorded in at
least two video sequences. In each video, the person
rotates and turns his/her head in his/her own preferred
order and speed, and typically in about 15 seconds, the
individual is able to provide a wide range of different
poses.
The Honda/UCSD Video Database contains two datasets.
The first dataset is recorded by a SONY EVI-D30 camera
at Honda Research Institute in 2002. It includes three
different subsets, one each for training, testing, and
occlusion testing. For proposed experiment only first data
set is used. The implementation is done on Intel
Core2Quad PC @ 2.60 GHz machine using MATLAB
7.0. The different frames of the input video sequence are
extracted. The extracted frame image is preprocessed and
then the facial features, namely, eyes and mouth, are
searched by using fuzzy geometric face model, and then,
the detected face is tracked by using SRC algorithm.
The experimental results are analyzed in terms of the two
performance metrics, namely, precision and recall, which
are defined as:

A
100%
AC
A
R
100%
A B
Recall:

Precision: P 

where A is number of faces detected, B is number faces
not detected, and C is the number of non-faces detected.
The experimental results of the face detection using fuzzy
geometric face model are given in Figure 3. The
experimental results of tracking of face in video sequence
are given in Figure 4.

Figure 3. Face detection using Fuzzy geometric face
model

3. EXPERIMENTAL RESULTS AND
DISCUSSION
To illustrate and test the proposed method, the extensive
and representative experiments are performed using the
Honda/UCSD Video database. The Honda/UCSD Video
Database provides a standard video database for
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Figure 4. Face tracking in video sequence using Sparse
Representation based classification algorithm
The comparison of the tracking results obtained by the
proposed method and other methods in the literature are
shown in the Table 1.

4.CONCLUSION
In this paper, a novel method of the detection and tracking
of a face in a video is proposed. The detection of human
face is achieved by using fuzzy geometric face model and
face tracking is done by using sparse representation based
classification algorithm. The single frontal face in the
video frames with different motions, head tilts, lighting
conditions, expressions and backgrounds are considered.
The proposed approach yields better average detection and
tracking, which is robust and runs in almost real time. It
can be extended for multiple faces in a video sequence.
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Table 1. Comparison of the tracking results obtained by
the proposed method and other methods
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