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ABSTRACT:

Face detection which is the task of localizing faces
in an input image is a fundamental part of any face
processing system. The aim of this paper is to
present a review on various methods and
algorithms used for face detection. There are no. of
algorithms used in face detection i.e. Haar
cascade, adaboost, template matching etc. This
paper also includes the algorithms of eye blink
detection. Finally it includes some of applications
of face detection
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1. INTRODUCTION

Face detection is a computer technology that
determines the locations and sizes of human faces
in arbitrary (digital) images. It detects facial
features and ignores anything else, such as
buildings, trees and bodies. Human face perception
is currently an active research area in the computer
vision community. Human face localization and
detection is often the first step in applications such
as video surveillance, human computer interface,
face recognition and image database management.
Locating and tracking human faces is a prerequisite
for face recognition and/or facial expressions
analysis, although it is often assumed that a
normalized face image is available.

In order to locate a human face, the system needs
to capture an image using a camera and a frame-
grabber to process the image, search the image for
important features and then use these features to
determine the location of the face. For detecting
face there are various algorithms and methods
including  skin  colour  based,haar  like
features,adaboost and cascade classifier Colour is
an important feature of human faces.Using skin-
colour as a feature for tracking a face has several
advantages.Color processing is much faster than
processing other facial features [20].

Localization v/s detection:Face localization: Find
one and only one face assuming that it is shown in
an image or video.

Face detection: Find all visible faces in an image or
video.
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True-positive: also called hit or detection; a
correctly detected face.

.False-positive: also called miss- or false-detection
detecting a face where there is none actually.

False-negative: when missing a visible face

True-negative: describing non-face regions
correctly as non-face region
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Fig 1: Description of faces and non-faces [1].
2. METHODS OF FACE DETECTION

2.1 Methods using a skin colour model

e Normalize RGB colours and intensity values
in the image.

e Mark pixels that match an established skin
colour model.

e Remove regions (e.g. due to being ‘small’)
that are unlikely to represent faces.

e Confirm a face appearance by verifying
common features of a human face.

2.2 Feature-based methods

e Make explicit use of local face features (e.g.
eyes, nose, mouth) and of geometric
relationships between those.

e There should be only one face in the search
domain (face localization) for avoiding
geometric confusion.

e Method require good quality images.

e Potentially robust to most of the geometric
and photometric deformations.

e Method is computationally expensive.

2.3 Appearance-based methods

e Face detection as two-class pattern

recognition.
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e Apply a statistical learning method and use a
training data set to built a face/no-face
classifier.

e Applicable to low resolution images.

¢ Receive recently considerable attention.

e More  successful  than  feature-based
approaches.

Sliding Window Classification

Input : 1

npul j et Processmg Detection
b (I k y.. 8 M=~
2 VDV'L = I‘

Fig 2: Concepts of Appearance-Based Methods
[1].

Sliding Window: The basic idea of appearance-
based methods is the application of a sliding
window. A sliding window scans the input image at
different locations and resolutions.(Rotations are
considered later.) The aim of this sliding search is
to find the location of a face at some resolution. We
do not change the image resolution; instead we
change the size of the sliding window in a new
search iteration. The window increases by a factor
such as Az > 1.1.The figure below illustrates
increases by the lower bound factor Az = 1.1. A
sliding window is square, and there are rectangular
Haar-like wavelets in the sliding window. More
than this 10% increase in width and height of the
sliding window ensures time efficiency. On the
other hand, this may decrease the accuracy of
detection. The figure illustrates resulting increases
for rectangular wavelets:

Fig 3: Rectangular Haar-like wavelets in the
sliding window [12].

So a trade-off should be considered. Sliding
window explores locations either “exhaustively”
from top left corner of the image to the bottom
right, with a scaling factor of Az in x- and y-
direction, or randomly, or in zigzag or spiral scan
order, or by using some priority information (e.g.
skin colour, local features), or any combination of
above.

Classification:

Each placed window is passed to a classifier for
detecting either a face or no-face situation. This
classification is the core and the most important
part of the face detection system. After feature
extraction, features need to be compared and
matched by the classifier with desired features. The
classifier then decides whether there is a face in the
region or not (for more details, see below).

Image Feature

EXtFECtIOﬂ

Decision

Fig 4: Concept of classifier [15].

Post-processing:

After classification, usually there are multiple
overlapping detections at different locations and
sizes around a visible face. The goal of post-
processing is to return a single detection per face.
Methods applied for post-processing are usually
heuristic (e.g. by applying mean calculations, or
more advanced statistical methods).

24 TEMPLATE MATCHING

Template matching method that finds the similarity
between the input images and the template images
(training images). Template matching method can
use the correlation between the input images and
stored standard patterns in the whole face features,
to determine the presence of a whole face features
[22]. This method can be used for both face
detection and face locations. In this method, a
standard face (such as frontal) can be used. The
advantages of this method are that it is very simple
to implement the algorithm, and it is easily to
determine the face locations such as nose, eyes,
mouth etc based on the correlation values. It can be
apply on the various variations of the images such
as pose, scale, and shape. Sub-templates, Multi
resolutions, and Multi-scales have been proposed to
achieve the shape and the scale invariance and
localization method based on a shape template of a
frontal view face [17]. A Sobel filter is used to
extract the edges.

www.ijert.org

285



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Voal. 2 Issue 6, June - 2013

Faces & Non Faces

Line Feaue Edge feanes
Edi%ﬂm " && %% 14

’U Center surround featurss Diagonal features

Template Matching
i ol 24 EEW

Fig 7: Feature prototypes of simple Haar-like .
Detected Faces Black areas have negative and white areas
positive weights [12].

Fig 5:Block diagram of template matching Calculated features should be able to highlight
method [22] important value distributions in objects of interest
(e.g. in a face). For example, looking at the two
faces below, for such a frontal upright view we

3. ALGORITHMS OF FACE DETECTION may expect that faces have the following features:-
Eye regions are darker compared to the bridge of

3.1Haar like feature: the nose.

Haar-like ~wavelets are binary rectangular - Eye regions are darker compared to the cheeks.

representations of 2D waves. A common visual - The iris region is darker compared to the sclera.

representation is by black (for value ‘minus one’)
and white (for value ‘plus one’) rectangles. The
figure below shows a cut through a binary wavelet
between x = 0 to x = 1. The square above the 0-1-
interval shows the corresponding Haar-like wavelet
in common  black-white  representation.The
rectangular masks used for visual object detection
are rectangles tessellated by black and white
smaller rectangles. Those masks are designed in
correlation to visual recognition tasks to be solved,
and known as Haar-like wavelets. By convolution

with a given image they produce Haar-like . . .
features.[11],[12]. A Haar-like feature is determined by the

convolution with the defining mask, having values

-1 or +1 in its rectangular regions.Thus, this is

simply done by subtracting the average of the pixel

values in the black rectangles from the average of

the pixel values in the white rectangles. If the

2|y difference is above at threshold, that feature (or

" wavelet) is said to be present. Used thresholds are
specified during a training process.

Fig 7:Distribution of eye region [1].

1 0<x<1/2
Px)=4¢ -1 1/2<x<1

0 otherwise

3.2. Integral images:

To determine the presence or absence of hundreds
of Haar-like features at pixel locations and for
several scales efficiently, Viola and Jones used

integral images. In general, “integration” means
Fig 6: Representation of Haar-like wavelets adding s_mall units _together[l?]. In _thls case, the
[1].[12]. small units are the pixel values. For pixel p = (X; y),

the integral value:
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binary classification), they will improve the final
model. Even classifiers with an error rate higher
than would be expected from a random classifier
will be useful, since they will have negative
[19]. coefficients in the final linear combination of

classifiers and hence behave like their inverses[18].

Ipy= >  P(i.j)

1<i<eal<ji<y

is the sum of all the pixel values P(q), where pixel
g = (i; j) is not below and not on the right of p. For
the mean, simply divide | (p) by x.y. See the figure
on the left. TL stanq§ for’top left”.

Adaboost generates and calls a new weak classifier
in each of a series of rounds t = 1.1 s -T.For

each call, a distribution of weights Dt is updated
that indicates the importance of examples in the
data set for the classification. On each round, the
weights of each incorrectly classified example are
increased, and the weights of each correctly
classified example are decreased, so the new
classifier focuses on the examples which have so
far eluded correct classification.

Tl i I,

(3]

3.4. CascadedWeak Classifiers:

Fig 8: The Integral Image representation [17]. —
. _ _ _ (Al Sub-windows )

The integral image 1 is calculated as preprocessing. — -

In the feature calculation process, sums need to be Input

determined in rectangular areas such as for area D 'y _

below. Assume that pl is the lower right pixel in e VT 2\

region A, p2 the lower right pixel in region B, p3 | Llassmerw\ e T

Final stage
P '___.--'_ _-\-"‘-\._\ - = -
Ly RN TN
/ \_Eliruccﬁ.‘.ln_g/,/ \_/ Objec
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the lower right pixel in region C, and p4 the lower F F h P F|F F
right pixel in region D. The sum of all pixel values [ ......
in D equals v

I(D) = 1(p4) + 1(p1) - 1(p2) - 1(p3)

3.3. AdaBoost:
Adaboost is an algorithm for constructing a’strong”
classifier as linear combination.

(: E;jcuwd Sub-windt_}-\ED

Fig 9: Cascade classifier [15].

Each of the weak classifiers has the task to detect a
face [15][17]. They are performed in a cascade.A

T search window (sliding window) of 24x24 pixels

. X contains more than 180,000 different rectangular

H{}(] =i Z TR hﬁw{}” sub-windows of different size (isothetic or in 45
v degree rotation). Only a small number of weighted

f=1 Haar-like wavelets (usually less than 100)

Adaboost, short for Adaptive Boosting, is a
machine learning algorithm, formulated by Yoav
Freund and Robert Schapire[18]. It is a meta-
algorithm, and can be used in conjunction with
many other learning algorithms to improve their
performance. Adaboost is adaptive in the sense that
subsequent classifiers built are tweaked in favour
of those instances misclassified by previous
classifiers. Adaboost is sensitive to noisy data and
outliers. In some problems, however, it can be less
susceptible to the over fitting problem than most
learning algorithms. The classifiers it uses can be
weak (i.e., display a substantial error rate), but as
long as their performance is slightly better than
random (i.e. their error rate is smaller than 0.5 for

issufficient to detect a desired object in an image,
such as a face.The selection of such Haar-like
wavelets can use available a-prior knowledge (e.g,
the expected size of a face). A strong classifier is
generated by boosting from a selected set of weak
classifiers.

4 BLINK DETECTION

There are a number of image processing algorithms
for eye blink detection [4],[13],[5]. A brief
overview of three of these algorithms is provided.

4.1 Contour Extraction: In this technique, a set of
16 landmarks are created at regular intervals to
outline the contour of the eye. Eight points are used
to represent each eye.[6] The distance between the
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highest and lowest landmark is denoted by d1, and
the distance between the centroids of the two eyes
is denoted by d2. Now d1/d2 is computed, and
assigned to a variable D. Now the value of D is
used to distinguish between open eye and closed
eye. Generally, a value of D equal to 0.158 implies
open eye and a value equal to 0.016 implies closed
eye. These values have been experimentally
derived by [3].

4.2 Gabor Filter:

The Gabor filter is used to extract arcs of the eye.
Here, the eye region is first extracted and then the
filter is applied to obtain the arcs of the eye. Then
connected component labelling method is used to
detect the top-bottom arcs. The distance between
the arcs is measured to determine the blinking
[4].[8].

4.3. Median Blur Filtering:

In this method, the image of the eye is first
threshold and then a median blur filter is applied to
it. The resultant image obtained after applying the
filtering shows a clear difference between the open
and the closed eye, and hence helps in identifying
eye blinks [6].

Applications:

Face detection is used in biometrics, often as a part
of (or together with) a facial recognition system. It
is also used in video surveillance, human computer
interface and image database management. Some
recent digital cameras use face detection for
autofocus. Face detection is also useful. for
selecting regions of interest in photo slideshows
that use a pan-and-scale Ken Burns effect [23].

detection window, sums up the pixel intensities in
each region and calculates the difference between
these sums[11],[12]. This difference is then used to
categorize subsections of an image. The key
advantage of a Haar-like feature over most other
features is its calculation speed.

In order to be successful a face detection algorithm
must possess two key features, accuracy and speed.
There is generally a trade-off between the two.
Through the use of a new image representation,
termed integral images, Viola and Jones describe a
means for fast feature evaluation, and this proves to
be an effective means to speed up the classification
task of the system.

Adaboost, short for Adaptive Boosting, is a
machine learning algorithm. Adaboost algorithms
take training data and define weak classifier
function for each sample of training data. It can be
less susceptible to the over fitting problem than
most learning algorithms. Bad feature of adaptive
boosting is its sensitivity to noisy data and outliers.

The weak classifiers have the task to detect a face.
They are performed in a cascade. A search window
(sliding window) of 24x24 pixels contains more
than 180,000 different rectangular sub-windows of
different size.
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