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ABSTRACT: The face is one of the best methods to distinguish the character identification of every other. Face focus
is a private identification device that makes use of non-public traits of a character to become aware of the person's
identity. Human face attention method essentially consists of two phases, particularly face detection, the place this
technique takes vicinity very hastily in humans, without underneath stipulations the place the object is positioned at a
brief distance away, the subsequent is the introduction, which apprehend a face as individuals. Stage is then replicated
and developed as a mannequin for facial photo consciousness (face recognition) is one of the much-studied biometrics
technological know-how and developed by using experts. There are two types of techniques that are presently famous
in developed face attention sample namely, Eigenface technique and Fisherface method. Facial photograph cognizance
Eigenface technique is based totally on the discount of face- dimensional house the usage of Principal Component
Analysis (PCA) for facial features. The predominant reason of the use of PCA on face awareness the usage of Eigen
faces was once shaped (face space) with the aid of discovering the eigenvector corresponding to the greatest eigenvalue
of the face image. The vicinity of this challenge face detection gadget with face awareness is Image processing. The
software program necessities for this undertaking is matlab software.

KEYWORDS: Face detection, Eigen face, PCA, Matlab
L. INTRODUTION

Face Recognition is the venture of figuring out an already detected object as a recognized or unknown face.Often the
hassle of face focus is stressed with the trouble of face detectionFace Recognition on the different hand is to determine
if the "face" is anybody known, or unknown, the usage of for this reason a database of faces in order to validate this
enter face.

FACE RECOGNIZATION:

Different Approaches Of Face Recognition:

There are two predominant techniques to the face focus problem: Geometric (feature based) and photometric (view
based). As researcher pastime in face consciousness continued, many exclusive algorithms have been developed,
three of which have been properly studied in face cognizance literature.

Recognition algorithms can be divided into two essential approaches:

Geometric: Is based totally on geometrical elationship between facial landmarks, or in different phrases the spatial
configuration of facial features. That skill that the essential geometrical facets of the face such as the eyes, nostril and
mouth are first placed and then faces are categorized on the groundwork of a number of geometrical distances and
angles between features. (Figure 3)

Photometric stereo: Used to get better the form of an object from a wide variety of pix taken beneath one-of-a-
kind lighting fixtures conditions. The form of the recovered object is described by using a gradient map, which is made
up of an array of floor normals (Zhao and Chellappa, (2006) (Figure 2)

Popular awareness algorithms include:
1. Principal Component Analysis the usage of Eigenfaces, (PCA)
2. Linear Discriminate Analysis,
3. Elastic Bunch Graph Matching the usage of theFisherface algorithm,
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Figure 2 -Photometric stereo image.
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Figure 3 - Geometric facial recosnition.

1.1 FACE DETECTION:
Face detection entails isolating photo home windows into two classes; one containing faces (tarning the history
(clutter). It is tough due to the fact though commonalities exist between faces, they can range notably in phrases of age,
pores and skin color and facial expression. The trouble is in addition tricky by way of differing lighting fixtures
conditions, photo features and geometries, as properly as the opportunity of partial occlusion and disguise. An perfect
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Fig: Face detection algorithm
face detector would consequently be in a position to observe the presence of any face underneath any set of lights
conditions, upon any background. The face detection undertaking can be damaged down into two steps. The first step is
a classification project that takes some arbitrary photo as enter and outputs a binary fee of sure or no, indicating
whether or not there are any faces existing in the image. The 2d step is the face localization undertaking that targets to
take an photo as enter and output the region of any face or faces inside that photograph as some bounding field with (x,
y, width,height).
The face detection machine can be divided into the following steps:-
1.Pre-Processing: To minimize the variability in the faces, the snap shots are processed earlier than they are fed into the
network. All advantageous examples that is the face pictures are received by using cropping

images with frontal faces to consist of solely the the front view. All the cropped photos are then corrected for lighting
fixtures thru popular algorithms.

2.Classification: Neural networks are carried out to classify the pictures as faces or nonfaces through education on these
examples. We use each our implementation of the neural community and the Matlab neural community toolbox for this
task. Different community configurations are experimented with to optimize the results.

3.Localization: The educated neural community is then used to search for faces in an photograph and if existing
localize them in a bounding box. Various Feature of Face on which the work has achieved on:- Position Scale
Orientation Illumination.

II. LITERATURE SURVEY

Face detection is a laptop science that determines the area and measurement of human face in arbitrary (digital) image.
The facial facets are detected and any different objects like trees, constructions and our bodies and so on are left out
from the digital image. It can be viewed as a specific‘ case of object-class detection, the place the project is discovering
the area and sizes of all objects in an picture that belong to a given class. Face detection, can be viewed as a greater
general‘ case of face localization. In face localization, the project is to locate the areas and sizes of a recognized range
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of faces (usually one). Basically there are two kinds of procedures to become aware of facial phase in the given
photograph i.e. characteristic base and photo base method . Feature base strategy tries to extract aspects of the photo
and healthy it in opposition to the know-how of the face features. While photo base strategy tries to get pleasant in
shape between coaching and trying out images.

2.1 FEATURE BASE APPROCH:

Active Shape Model Active form fashions center of attention on complicated non-rigid aspects like real bodily and
greater stage look of elements Means that Active Shape Models (ASMs) are aimed at routinely finding landmark
factors that outline the form of any statistically modelled

object in an image. When of facial elements such as the eyes, lips, nose, mouth and eyebrows. The coaching stage of an
ASM includes the constructing of a statistical

(a)facial mannequin from a education set containing pix with manually annotated landmarks.

ASMs is categorised into three organizations i.e. snakes, PDM, Deformable templates

b) Snakes :The first kind makes use of a well-known lively contour known as snakes, first delivered by using Kass et
al. in 1987 Snakes are used to perceive head boundaries [8,9,10,11,12]. In order to reap the task, a snake is first
initialized at the proximity round a head boundary. It then locks onto close by edges and due to this fact count on the
form of the head. The evolution of a snake is completed with the aid of minimizing an power function, Esnake (analogy
with bodily systems), denoted asEsnake = Einternal + EExternal WhereEinternal and EExternal are inside and exterior
electricity functions.Internal strength is the section that relies upon on the intrinsic houses of the snake and defines its
herbal evolution. The traditional herbal evolution in snakes is shrinking or expanding. The exterior power counteracts
the interior strength and allows the contours to deviate from the herbal evolution and finally expect the form of close by
features—the head boundary at a nation of equilibria.Two primary consideration for forming snakes i.e. choice of
strength phrases and strength minimization. Elastic electricity is used often as inner energy. Internal electricity is differ
with the distance between manage factors on the snake, via which we get contour an elastic-band attribute that motives
it to cut back or expand. On different aspect exterior strength relay on photo features. Energy minimization system is
performed by way of optimization strategies such as the steepest gradient descent. Which desires very best
computations. Huang and Chen and Lam and Yan each rent quickly new release strategies by using grasping
algorithms. Snakes have some demerits like contour frequently turns into trapped onto false photo aspects and some
other one is that snakes are now not appropriate in extracting non convex features.

2.1.1  Deformable Templates:

Deformable templates had been then added by way of Yuille et al. to take into account the a priori of facial elements
and to higher the overall performance of snakes. Locating a facial function boundary is now not an effortless mission
due to the fact the neighborhood proof of facial edges is challenging to arrange into a good international entity the
usage of customary contours. The low brightness distinction round some of these aspects additionally makes the area
detection process.Yuille et al. took the thought of snakes a step similarly with the aid of incorporating international
statistics of the eye to enhance the reliability of the extraction process.

Deformable templates methods are developed to remedy this problem. Deformation is primarily based on local
valley, edge, peak, and brightness .Other than face boundary, salient function (eyes, nose, mouth and

eyebrows) extraction is a extremely good task of face recognition.E = Ev + Ee

+ Ep + Ei + Einternal ; the place Ev , Ee , Ep, Ei, Einternal are exterior power due to valley, edges, height and picture

brightness and interior energy

2.1.2 PDM (Point Distribution Model):

Independently of computerized photo analysis, and earlier than ASMs had been developed, researchersdeveloped
statistical fashions of structure . The thinking is that as soon as you symbolize shapes asvectors, you can follow popular
statistical strategies to them just like any different multivariateobject. These fashions research allowable constellations
of structure factors from education examplesand use important factors to construct what is known as a Point
Distribution Model. These havebeen used in various ways, for instance for categorizing Iron Age broaches.Ideal Point
Distribution Models can solely deform in approaches that are attribute of the object. Cootes and his colleagues have
been in search of fashions which do precisely that so if a beard, say, covers the chin, the structure mannequin can
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\override the image" to approximate the role of the chin underneath the beard. It used to be consequently herbal (but
possibly solely in retrospect) to undertake Point Distribution Models. This synthesis of thoughts from photo processing
and statistical form modelling led to the Active Shape Model.The first parametric statistical structure mannequin for
photograph evaluation primarily based on foremost elements of inter-landmark distances was once introduced with the
aid of Cootes and Taylor in. On this approach, Cootes, Taylor, and their colleagues, then launched a sequence of papers
that cumulated in what we name the classical Active Shape Model.

2.2 LOWLEVEL ANALYSIS:

Based on low degree visible points like color, intensity, edges, action etc.Skin Color BaseColor is avital function of
human faces. Using skin-color as a function for monitoring a face has various advantages. Color processing is a whole
lot quicker than processing different facial features. Under positive lighting fixtures conditions, colour is orientation
invariant. This property makes movement estimation a good deal simpler due to the fact solely a translation mannequin
is wanted for action estimation.Tracking human faces the use of colour as a function has various troubles like the shade
illustration of a face received by means of a digicam is influenced by way of many elements (ambient light, object
movement, etc.

Majorly three unique face detection algorithms are reachable based totally on RGB, YCbCr, and HIS coloration area
models.In  the implementation of the algorithms there are three fundamental steps viz.
(1) Classify the pores and skin location in the colour space,

2) Apply threshold to masks the pores and skin location and
3) Draw bounding field to extract the face image.
Crowley and Coutaz recommended easiest pores and skin shade algorithms for detecting pores and skin pixels.
The perceived human coloration varies as a characteristic of the relative route to the illumination.
The pixels for pores and skin area can be detected the use of a normalized coloration histogram, and can be normalized
for modifications in depth on dividing with the aid of luminance. Converted an [R, G, B] vector is transformed into an
[r, g] vector of normalized coloration which affords a quick capacity of pores and skin detection. This algorithm fails
when there are some greater pores and skin location like legs, arms, etc. Cahi and Ngan [27] advised pores and skin
colour classification algorithm with YCbCr coloration space. Research discovered that pixels belonging to pores and
skin place having comparable Cb and Cr values. So that the thresholds be chosen as [Crl, Cr2] and [Cb1, Cb2], a pixel
is categorized to have pores and skin tone if the values [Cr, Cb] fall inside the thresholds. The pores and skin shade
distribution offers the face component in the shade image. This algorithm is additionally having the constraint that the
photo ought to be having solely face as the pores and skin region. Kjelds on and Kender described a coloration
predicate in HSV colour house to separate pores and skin regions from background. Skin shade classification inHSI
colour area is the equal as YCbCr colour spacebut right here the accountable values are hue (H) and saturation (S).
Similar to above the threshold be chosen as [H1, S1] and [H2, S2], and a pixel is classified to have pores and skin tone
if the values [H,S] fall within the threshold and this distribution offers the localized face image. Similar to above two
algorithm this algorithm is additionally having the equal constraint.

III. FACE DETECTION

The problem of face recognition is all about face detection. This is a fact that seems quite bizarre to new researchers in
this area. However, before face recognition is possible, one must be able to reliably find a face and its landmarks. This
is essentially a segmentation problem and in practical systems, most of the effort goes into solving this task. In fact the
actual recognition based on features extracted from these facial landmarks is only a minor last step.

There are two types of face detection problems:

1)Face detection in images and
2)Real-time face detection
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3.1 FACE DETECTION IN IMAGES
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Most face detection systems attempt to extract a fraction of the whole face, thereby eliminating most of the background
and other areas of an individual's head such as hair that are not necessary for the face recognition task. With static
images, this is often done by running a across the image. The face detection system then judges if a face is present
inside the window (Brunelli and Poggio, 1993). Unfortunately, with static images there is a very large search space of
possible locations of a face in an image

Most face detection systems use an example based learning approach to decide whether or not a face is present in the
window at that given instant (Sung and Poggio,1994 and Sung,1995). A neural network or some other classifier is
trained using supervised learning with 'face' and 'non- face' examples, thereby enabling it to classify an image (window
in face detection system) as a 'face' or 'non-face'.. Unfortunately, while it is relatively easy to find face examples, how
would one find a representative sample of images which represent non-faces (Rowley et al., 1996)? Therefore, face
detection systems using example based learning need thousands of 'face' and 'non- face' images for effective training.
Rowley, Baluja , and Kanade (Rowley et al.,1996) used 1025 face images and 8000 non-face images (generated from
146,212,178 sub-images) for their training set!

There is another technique for determining whether there is a face inside the face detection system's window - using
Template Matching. The difference between a fixed target pattern (face) and the window is computed and thresholded.
If the window contains a pattern which is close to the target pattern(face) then the window is judged as containing a
face. An implementation of template matching called Correlation Templates uses a whole bank of fixed sized templates
to detect facial features in an image (Bichsel, 1991 & Brunelli and Poggio, 1993). By using several templates of
different (fixed) sizes, faces of different scales (sizes) are detected. The other implementation of template matching is
using a deformable template (Yuille, 1992). Instead of using several fixed size templates, we use a deformable template
(which is non-rigid) and there by change the size of the template hoping to detect a face in an image.

A face detection scheme that is related to template matching is image invariants. Here the fact that the local ordinal
structure of brightness distribution of a face remains largely unchanged under different illumination conditions (Sinha,
1994) is used to construct a spatial template of the face which closely corresponds to facial features. In other words, the
average grey-scale intensities in human faces are used as a basis for face detection. For example, almost always an
individuals eye region is darker than his forehead or nose. Therefore an image will match the template if it satisfies the
'darker than' and 'brighter than' relationships (Sung and Poggio, 1994).

3.2 REAL-TIME FACE DETECTION

Real-time face detection involves detection of a face from a series of frames from a video- capturing device. While the
hardware requirements for such a system are far more stringent, from a computer vision stand point, real-time face
detection is actually a far simpler process thandetecting a face in a static image. This is because unlike most of our
surrounding

environment, people are continually moving. We walk around, blink, fidget, wave our hands about, etc.
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Frame 1 from camera Frame 2 from camera

Spatio-Temporally filtered image

Since in real-time face detection, the system is presented with a series of frames in which to detect a face, by using
spatio-temperal filtering (finding the difference between subsequent frames), the area of the frame that has changed can
be identified and the individual detected (Wang and Adelson, 1994 and Adelson and Bergen 1986).Further more as
seen in Figure exact face locations can be easily identified by using a few simple rules, such as,

1) the head is the small blob above a larger blob -the body

2) head motion must be reasonably slow and contiguous -heads won't jump around erratically (Turk and Pentland
1991a, 1991b).

Real-time face detection has therefore become a relatively simple problem and is possible even in unstructured and
uncontrolled environments using these very simple image processing techniques and reasoning rules.

1. FACE DETECTION ALGORITHM

= S 8
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Input Image
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Face detection algorithm
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4.1 PRINCIPAL COMPONENT ANALYSIS (PCA)

Principal Component Analysis (or Karhunen-Loeve expansion) is a suitable strategy for face recognition because it
identifies variability between human faces, which may not be immediately obvious. Principal Component Analysis
(hereafter PCA) does not attempt to categorise faces using familiar geometrical differences, such as nose length or
eyebrow width. Instead, a set of human faces is analysed using PCA to determine which 'variables' account for the
variance of faces. In face recognition, these variables are called eigen faces because when plotted they display an eerie
resemblance to human faces. Although PCA is used extensively in statistical analysis, the pattern recognition
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community started to use PCA for classification only relatively recently. As described by Johnson and Wichern (1992),
"principal component analysis is concerned with explaining the variance- covariance structure through a few linear
combinations of the original variables." Perhaps PCA's greatest strengths are in its ability for data reduction and
interpretation. For example a 100x100 pixel area containing a face can be very accurately represented by just 40 eigen
values. Each eigen value describes the magnitude of each eigen face in each image. Furthermore, all interpretation (i.e.
recognition) operations can now be done using just the 40 eigen values to represent a face instead of the manipulating
the 10000 values contained in a 100x100 image. Not only is this computationally less demanding but the fact that the
recognition information of several thousand.

4.2 UNDERSTANDING EIGENFACES
Any grey scale face image I(x,y) consisting of a NxN array of intensity values may also beconsider as a vector of N2.
For example, a typical 100x100 image used in this thesis will have to be transformed into a 10000 dimension vector!

49-dimension vector

7 face image
Figure 6.6.0 A 7x7 face image transformed into a 49 dimension vector

This vector can also be regarded as a point in 10000 dimension space. Therefore, all the images of subjects' whose
faces are to be recognized can be regarded as points in 10000 dimension space. Face recognition using these images is
doomed to failure because all human face images are quite similar to one another so all associated vectors are very
close to each other in the 10000- dimension space.

face spaI e

Faces in image space

The transformation of a face from image space (I) to face space (f) involves just a simple matrix multiplication. If the
average face image is A and U contains the (previously calculated) eigenfaces,

f=U*(1-A)

This is done to all the face images in the face database (database with known faces) and to the image (face of the
subject) which must be recognized. The possible results when projecting a face into face space are given in the
following figure.
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.There are four possibilities:

1. Projected image is a face and is transformed near a face in the face database 2.Projected image is a face and is not
transformed near a face in the face database 3.Projected image is not a face and is transformed near a face in the face
database

4. Projected image is not a face and is not transformed near a face in the face database While it is possible to find the
closest known face to the transformed image face

by calculating the Euclidean distance to the other vectors, how does one know whether the image that is being
transformed actually contains a face? Since PCA is a many-to-one transform, several vectors in the image space
(images) will map to a point in face space (the problem is that even non-face images may transform near a known face
image's faces space vector). Turk and Pentland (1991a), described a simple way of checking whether an image is
actually of a face. This is by transforming an image into face space and then transforming it back (reconstructing) into
image space. Using the previous notation,

I'=UT*U*(-A

With these calculations it is possible to verify that an image is of a face and recognise that face. O'Toole et al. (1993)
did some interesting work on the importance of eigen faces with large and small eigenvalues. They showed that the
eigen vectors with larger eigenvalues convey information relative to the basic shape and structure of the faces. This
kind of information is most useful in categorising faces according to sex, race etc. Eigen vectors with smaller
eigenvalues tend to capture information that is specific to single or small subsets of learned faces and are useful for
distinguishing a particular face from any other face. Turk and Pentland (1991a) showed that about 40 eigen faces were
sufficient for a very good description of human faces since the reconstructed image have only about 2% RMS. pixel-
by-pixel errors.

Faceinimagespace  Facein face space Reconstricted face in image space

4.3 IMPROVING FACE DETECTION USING RECONSTRUCTIN

Reconstruction cannot be used as a means of face detection in images in near real-time since it would involve resizing
the face detection window area and large matrix multiplication, both of which are computationally expensive.
However, reconstruction can be used to verify whether potential face locations identified by the deformable template
algorithm actually contain a face. If the reconstructed image differs greatly from the face detection window then the
window probably does not contain a face. Instead of just identifying a single potential face location, the face detection
algorithm can be modified to output many high 'faceness' locations which can be verified using reconstruction. This is
especially useful because occasionally the best 'faceness' location found by the deformable template algorithm may not
contain the ideal frontal view face pixel area.
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potential face locations that have been identified by the face detection system (the best face locations it found on its
search) are checked whether they contain a face. If the threshold level (maximum difference between reconstruction
and original for the original to be a face) is set correctly this will be an efficient way to detect a face. The deformable
template algorithm is fast and can reduce the search space of potential face locations to a handful of positions. These
are then checked using reconstruction. The number of locations found by the face detection system can be changed by
getting it to output, not just the best face locations it has found so far but any location, which has a 'faceness' value,
which for example is, at least 0.9 times the best heuristic value that has been found so far. Then there will be many
more potential face locations to be checked using reconstruction. This and similar speed versus accuracy trade-off
decisions have to be made keeping in mind the platform on which the system is implemented.

Similarly, instead of using reconstruction to check the face detection system's output, the output's correlation with the
average face can be checked. The segmented areas with a high correlation probably contains a face. Once again a
threshold value will have to be established to classify faces from non-faces. Similar to reconstruction, resizing the
segmented area and calculating its correlation with the average face is far too expensive to be used alone for face
detection but is suitable for verifying the output of the face detection system.

POSE INVARIANT FACE RECOGNITION

Extending the frontal view face recognition system to a pose-invariant recognition system is quite simple if one of the
proposed specifications of the face recognition system is relaxed. Successful pose-invariant recognition will be possible
if many images of a known individual are in the face database. Nine images from each known individual can be taken
as shown below. Then if an image of the same individual is submitted within a 300 angle from the frontal view he or
she can be identified. Nine images in face database from a single known individual Unknown image from same
individual to be identified

Fig: 6.8 Pose invariant face recognition.
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Pose invariant face recognition highlights the eneralisation ability of PCA. For example,when an individual's frontal
view and 300 left view known, even the individual's 150 left view can be recognized.

V. CONCLUSION

The computational models, which have been applied in this project, have been chosen after tremendous research, and
the profitable checking out consequences affirm that the preferences made by means of the researcher had been
reliable.The machine with guide face detection and automated face awareness did no longer have a awareness accuracy
over 90%, due to the confined variety of eigenfaces that have been used for the PCA transform. This machine used to
be examined beneath very strong prerequisites in this experimental find out about and it is envisaged that real-world
overall performance will be some distance greater accurate.The utterly automatic frontal view face detection gadget
displayed truly ideal accuracy and in the researcher's opinion in addition work want now not be performed in this area.
The absolutely computerized face detection and consciousness machine used to be no longer sturdy ample to attain a
high attention accuracy. The solely purpose for this used to be the face focus subsystem did now not show even a
moderate diploma of invariance to scale, rotation or shift mistakes of the segmented face image. This was once one of
the machine necessities recognized in part 2.3. However, if some type of in addition processing, such as an eye
detection technique, was once carried out to similarly normalise the segmented face image, overall performance will
expand to degrees similar to the guide face detection and attention system. Implementing an eye detection approach
would be a minor extension to the carried out machine and would no longer require a top notch deal of extra
research.All different applied structures displayed commendable effects and mirror properly on the deformable
template and Principal Component Analysis strategies.The most appropriate real-world functions for face detection and
cognizance structures are for mugshot matching and surveillance. There are higher strategies such as iris or retina focus
and face awareness the usage of the thermal spectrum for person get entry to and person verification purposes due to
the fact these want a very excessive diploma of accuracy.The real-time computerized pose invariant face detection and
attention device proposed in chapter seven would be perfect for crowd surveillance applications. If such a device had
been extensively carried out its plausible for finding and monitoring suspects for regulation enforcement groups is
immense.

The carried out totally automatic face detection and focus machine (with an eye detection system) may want to be used
for easy surveillance functions such as ATM person security, whilst the carried out guide face detection and automatic
cognizance device is best of mugshot matching. Since managed prerequisites are current when mugshots are gathered,
the frontal view face awareness scheme must show a attention accuracy a long way higher than the results, which had
been bought in this study, which was once performed below unfavourable conditions.

Furthermore, many of the check topics did no longer current an expressionless, frontal view to the system. They would
likely be greater compliant when a 6'5" policeman is taking their mugshot! In mugshot matching applications, best
cognizance accuracy or an precise healthy is no longer a requirement. If a face consciousness device can limit the range
of pictures that a human operator has to search via for a healthy from ten thousand to even a 100, it would be of
tremendous sensible use in regulation enforcement.

The computerized imaginative and prescient structures applied in this thesis did now not even approach the
performance, nor have been they as sturdy as a human's innate face awareness system. However, they provide an
perception into what the future may additionally preserve in laptop vision.
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