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Abstract: In this paper, we surveyed a facial recognition system using machine learning, especially support vector machine
(SVM). The first step required is face detection which we accomplish using a widely used method called the Local binary
pattern histogram algorithm. The LBPH algorithm is highly desirable due to its high accuracy rate and fast process time.
Then feature extraction is done using histogram of oriented gradients (HOG) which stores the faces as well as edges of face
which counts in unique features. HOG is a great form of feature extraction tool due to its high performance for normalising
local contrast. Finally, for training and classification basically for building a strong model of facial databases a multi-class
SVM (Support Vector Machine) where each unique face is defined by a class. We have used this face recognition system on
two sets of databases: AT&T face database and the YALE B face database and afterwards we will observe the result.
Keywords: Machine Learning, Support Vector Machine, Adaboost.
I. INTRODUCTION
Face recognition has become the popular topic in terms of Biometric identification recently due to increase in demand for
security and fastly development of smartphones. There have been many applications of face recognition such as action control,
identification, security systems, surveillance and social media. Access control includes offices, schools, phones, ATMs,
computers etc. Nowadays everyone is busy developing their own Face API and the big techno giant in field Apple has come up
with their finest model of face recognition in smartphone. It gained so much traction after setting passwords and fingerprint
scanner. Ever since the 26/11 attack there has been concerned security measures that ensures the safety of innocent citizens.
Places such as airport and border crossings these recognition systems are must required. They have potential to mitigate the
issue and ultimately prevent future attacks from occurring. As for surveillance, suppose any criminal is on the loose through
surveillance cameras we can find these individuals. Same thing can also be used to get the whereabouts of missing persons
although it is based on the vast database of faces. and lastly, face recognition is used in social media networks such as Facebook
get the suggestions for tagging and maintain a collection photo of individual in Apple smartphones. There are many applications
for face recognition. The main steps to achieve this are the following: face detection, feature extraction, and finally building the
model.
II. DESCRIPTION PROJECT
A. Face Detection
Face detection through Local binary pattern histogram algorithm is one the method used due to its high accuracy rate and
fast process time. The algorithm can be followed in four steps: feature selection, feature evaluation, to create classifier and from
that a cascaded classifier.
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Simple features are used, inspired by Haar basis functions, which are essentially rectangular features in various configurations.
A two-rectangle feature represents the difference between the sum of the pixels in two adjacent regions of identical shape and
size. This idea can be extended to the three-rectangle and four-rectangle features. To quickly compute these rectangle features,
an alternate representation of the input image is required, called an integral image. The integral image can be represented by the
following equation:
ii(x,y) = X i(x0,y0)

(1)

x0≤x,y0≤y
where the integral image is ii(x,y) and the original image is i(x,y). The addition of all the pixels to the left and above, is the
integral image at x,y. A single iteration is sufficient for entire input image and subsequently only four points to calculate
rectangular feature.

Figure 1. Four array references are required in order to determine the sum of rectangle D.

In reference to the Figure 1, the point 1 is equal to sum of pixel in A, 2 is equal to the sum of pixel in A and B, point 3 is
the sum of pixel in A and C, and lastly point 4 is the sum of pixels in A, B, C, D. Instead of adding all of the individual pixels
within the input image, we can make this computation easier and save time feature evaluation and extraction.
The learning portion of the face detection algorithmic program uses Adaboost that primarily uses a linear combination of
weak classification functions to make a robust classifier. Every classification perform is decided by the perceptron that produces
rock bottom error. However, this is often characterised as a weak learner since the classification perform doesn't classify the
info well. To boost results, a robust classifier is made when multiple rounds of re-weighting a group weak classification
functions. These weights of the weak classification functions reciprocally proportional to their errors. The goal of this stage is to
coach the foremost relevant options of the face and to disregard redundant options. The last step of the LBPH algorithmic
program may be a cascade of classifiers. The classifiers made within the previous step type a cascade. during this originated
structure, the goal is to attenuate the computation time and come through high detection rate. Sub-windows of the input image
are determined a face or non-face with classifiers of skyrocketing complexness. If a there's a positive result from the primary
classifier, it then gets evaluated by a second a lot of advanced classifier, so on so forth till the sub-window is rejected. By doing
this, the structure utilizes the first stages of the cascade to reject as several negatives as doable. Figure two below shows a
general diagram of the method.
As expected, there's associate associated trade-off between the detection performance and therefore the range of false
positives. The perceptrons created from the AdaBoost is tuned to deal with this trade-off by dynamic the edge of the
perceptrons. If the edge is low, the classifier can have a high detection rate at the expense of a lot of false positives. Conversely,
if the edge is high, the classifier can have a coffee detection rate but with fewer false positives.

Figure 2. Schematic of the classifier cascade process flow.
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Adjusting this threshold might not keep the guarantees and coaching from AdaBoost thus it's higher to deal with the

coaching method as a full. this point a trade-off exists between performance in terms of high detection with low false positives
and computation time. In general, higher detection rates and lower false positives are the results of classifiers that have a lot of
options. However, this conjointly will increase computation time. The detector is intended with specific constraints provided by
the user that inputs the minimum acceptable detection rate and therefore the most acceptable false positive rate. a lot of options
and layers are supplementary if the detector doesn't meet the standards provided.
B. Feature Extraction
Before we will establish faces, it's initial necessary to specify what options of the face ought to be accustomed train a
model. Once the LBPH face detection runs, the face portion of the image is then used for feature extraction. it's vital to pick
options that are distinctive to every face that are then accustomed store discriminant data in compact feature vectors. These
feature vectors are the key a part of the coaching portion of the identity verification system and in our work, we tend to propose
victimization HOG options. As mentioned before, HOG options perform well because of the store edges and edge direction.
prime quality native distinction social control, course spacial binning and fine orientation binning are all important to sensible
HOG results. Extracting HOG options is summarized with the subsequent steps: calculate gradient of the image, calculate the
bar graph of gradients, normalize histograms, and at last type the HOG feature vector.

Figure 3. (Left) Vertical edge detector kernel. (Right) Horizontal edge detector kernel.

The first step needs computing the gradient of the input face image in each the x and y directions victimization 1x3 and 3x1
edge detector kernels shown in Figure 3. The horizontal kernel is applied to the input image to provide a horizontal gradient
image that the vertical kernel is applied to manufacturing a gradient image. The order within which the kernels are applied
doesn't matter and therefore the vertical kernel may well be applied initial to get constant result. we will see associate example
of the gradient image in Figure four. As we will observe within the gradient image, the sides of the face are maintained and
might be used for additional process.

Figure 4. (Top left) Input image. (Top right) Vertical gradient image. (Bottom left) Horizontal gradient image. (Bottom right) Gradient image.

The next step within the process is to calculate the bar graph of the gradient image. The gradient image is jerky into a grid
of cells wherever every cell is usually of size 8x8 pixels as shown in Figure 5. for every cell, a bar graph of gradients is
computed. To cipher the bar graph gradient 2 items of data are required, the magnitude and direction of the gradient at every
element. For one cell, the bar graph has 9 channels with every channel resembling a variety of directions from zero to a hundred
and eighty degrees. Since we are using a range of directions from 0 to 180 and not 0 to 360, these are thought of unsigned
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gradients. every element within the corresponding cell selects a channel supported the direction of the gradient and votes for that
channel supported the magnitude of the gradient. This method is perennial for every element within the cell till the bar graph of
gradients feature vector is completed.
Now that we've got a HOG feature vector for every cell, subsequent a part of the strategy is social control. the aim of
normalizing the vectors is to confirm that the feature is invariant to any changes in lightweight and distinction. Before
normalizing the feature vectors, we tend to initial type blocks of cells in teams of 2x2. thus primarily, every block is of size
16x16 pixels which ends up in four 9x1 HOG feature vectors. These four HOG feature vectors will then be concatenated to
make one 36x1 feature vector for every block social control is

Figure 5. (Left) Input image of face divided into cells. (Right) Gradient image of face divided into cells .

Then performed on this 36x1 HOG feature vector victimization the subsequent equation:

(2)
where v is that the 36x1 HOG feature vector, kvk is that the norm of v, and e may be a little constant. This social control
method is perennial for every block, and blocks are emotional throughout the image overlapped specified each cell contributes
to the HOG feature vectors over once. In general, at least half a block size of overlap is desirable.
The last step within the feature extraction is to make the HOG feature vector. this is often accomplished by concatenating
the normalized 36x1 feature vectors within the previous step. thus if you've got a complete of a hundred distinctive block
positions that every manufacture a 36x1 feature vector, the ultimate concatenated HOG feature vector would be length (36)(100)
= 3600. Figure half dozen below shows associate example of a face and its corresponding HOG feature vector.

Figure 6. (Left) Input image. (Right) HOG feature of input image.

C. Training Model
Once the strategy of feature extraction for a face has been established, subsequent step is to coach a model victimization the
extracted feature vectors of already known faces in an exceedingly info. the strategy of coaching used tries to utilize multiple
instances of every distinct face within the gallery, specified the resulting model can best match associate input face to associate
identity from the gallery.
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Support Vector Machines (SVM are a widespread coaching tool which might be accustomed generate a model supported

many categories of knowledge, so distinguish between them. For the essential two-class classification downside, the goal of
associate SVM is to separate the 2 categories by a perform iatrogenic from on the market examples. within the case of identity
verification, a category

represents a novel face, and therefore the SVM tries to search out what best separates the multiple

feature vectors of 1 distinctive face from those of another distinctive face. If we have a tendency to represent all the feature
vectors of each categories as information points with constant dimensionality: (x1,y1),..., (xl,yl) wherever xi ∈ Rn,yi ∈ −1,1, and
l is that the total range of knowledge points, the SVM finds the hyperplane wx+b = zero that separates the most important
doable fraction of points of the same category on the same facet, whereas maximizing the distance from either category
to the hyperplane. In alternative words, the set of vectors is optimally separated by the hyperplane if they're separated while not
error and therefore the margin (distance between the hyperplane and therefore the nearest datum of every class) is maximal. This
is often incontestable in Figure 7.

Figure 7. (Left) Arbitrary hyperplanes. (Right) Optimal Separating Hyperplane.

To get the optimum separating hyperplane (OSH), we have a tendency to initial specify the constraints of the hyperplane:
yi[(w · xi) + b] ≥ 1,i = 1,....l (3) minxiyi(w · xi + b) = 1 (4)
The distance of a point x from the hyperplane is:

d(w,b;x) =

(5)

The margin can be obtained from the above expression and constraints as

. Therefore, the hyperplane that optimally

separates the data is the one that minimizes:

(6)
When this expression is optimized victimisation the Lagrange, the ensuing OSH for linearly dissociable coaching
information is given by:
w¯ = Xα¯iyixi
i=1

(7)

(8)
xr and xs are support vectors which satisfy α¯r,α¯s > 0,yr = 1,ys = −1. For a new data point x, the classification of that point is
f(x) = sign(w¯ · x + ¯b). When the training data is not linearly separable, slack variables are introduced into the optimization.
Now that we've got outlined the method for two-class recognition victimization SVM, this basic building block is extended
to implement multi-class face recognition. forward there are multiple categories within the information set, a bottom-up binary
tree is intended that applies a one-against-one strategy to classify between totally different pairings of categories. For the
instance shown in Figure eight, there are eight categories that should be evaluated given associate input take a look at face.
every branch of the tree represents a two-class SVM from which ends up one result that continues up the tree. Eventually, the
distinctive category the model decides the input image best corresponds to can seem on prime of the tree.
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Figure 8. Binary tree structure for 8 classes

From the on top of derivations, it follows intuitively that the unfold, quality, and quantity of coaching vectors used for every
SVM category pairing can influence however well the ensuing model identifies input faces. If the input face of a legendary
person within the gallery varies from the examples within the gallery accustomed train the model (i.e. angle, expression), it's
expected that the model can have a lot of problem properly recognizing the face. The extent to that this happens is explored in
our experiments with the ATT and Yale face databases.
III. EXPERIMENT
A. AT&T Dataset
The first dataset we trained and look at the identity verification algorithmic program was the AT&T dataset of faces. The
AT&T set consists of forty distinctive faces every with 10 totally different pictures with. The composition of the photographs is
generally frontal read, consistent lighting conditions, and a few varied expressions. once coaching the model victimisation
SVM, eight of the 10 pictures for every person were accustomed produce a category for every face whereas the remaining 2
pictures were reserved to check the model. Of the eighty pictures that were tested 73/80 faces were with success recognized
leading to associate accuracy of 91.25% that is fascinating. When analysing the cases which failed, we have acknowledged that
if the face wasn't facing forward and had a small rotation to either the left or right then it absolutely was a lot of vulnerable to
incorrectly identifying the face as shown in Figure 9 and Figure 10.
Figure 9. Incorrect facial recognition result.

Figure 10. Incorrect facial recognition result.

In Figure 9, once the question faces within the left column are inputted into the model, they're incorrectly matched to the
incorrect person from the gallery. For each input pictures, the topic isn't trying undemanding and directs each their gaze and face
to the left. This observation is incontestable a lot of clearly in Figure 10, wherever the primary input face is properly matched
because of the subject’s eyes and face are pointed forward. However, once the second input face is that the same subject
however they instead verify the camera sideways, the model fails to acknowledge the face properly once more. the explanation
for this needs to do with implementing a world approach or a component-approach to face recognition which can be explained
later.
B. Yale B Dataset
The second dataset we explored testing was the Yale B Dataset. The subset we tested on enclosed ten distinctive faces
every with twenty pictures. the photographs are frontal read with no changes in expression however have changes in lighting
intensity. once coaching the model victimization SVM, sixteen of the twenty pictures were accustomed produce a category for
every person whereas the remaining four pictures were used for testing. Of the forty pictures that were tested, 39/40 faces were
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with success recognized which ends up in associate accuracy of 97.5%, associate improvement from the previous dataset. This
improvement in accuracy is owing to 2 factors. the primary reason why the accuracy accrued is because of the photographs of
every face were consistent in position and facial expressions not like the AT&T dataset that has varied expressions. Secondly,
every distinctive face has a lot of pictures utilized in coaching therefore the model is a lot of strong and holds a lot of
discriminant data of every face within the gallery.

Figure 11. Incorrect facial recognition result.

In Figure 11, for the case that fails to acknowledge the face, we tend to notice that the amendment in lighting plays a
significant issue. For the test image located at the bottom of the left column, the lighting surroundings causes the left 1/2 the
subject’s face to be hidden within the shadows that drastically affects the feature vector that is extracted. thus, once trying to
match the face to a face within the gallery the face recognition system struggles to spot the proper face.
The reason for these errors from each dataset is tied closely towards the strategy of coaching we tend to apply to get the
model and the way we tend to utilize SVMs. once developing identity verification techniques, there's a world approach and a
component-based approach. the worldwide approach, that is employed during this experiment, uses one feature vector to
represent the full-face image, so use these vectors to coach the model. though international techniques work well for classifying
frontal views of faces, they're not strong against create changes since international options are sensitive to translation and
rotation. the opposite approach in the meantime, that is component-based, tries to cope with create changes by permitting a
versatile geometrical relation between the parts within the classification stage. as an example, by severally matching templates
of the eyes, nose, and mouth rather than the whole face as a full, the configuration of the parts throughout classification is free
and doesn't enforce a selected geometrical model of the face. In distinction to the worldwide approach wherever a face detector
extracts the face and propagates it to a group of SVM classifiers, within the part approach, the face detector instead extracts
native parts of the face. Then, these native parts are fed severally into a group of SVM classifiers.
Despite the benefits in strength that escort victimisation native options, they conjointly might need specialised classification
algorithms to handle cases wherever the amount of feature vectors came back by every image isn't constant. Thus, if it's already
legendary or created a demand that everyone input faces should be facing forward, the global-approach may be a less
complicated implementation of identity verification and proves to provide enough results.
Databases
AT&T Database
Yale Database

Accuracy
91.25%
97.5%

Table 1. LBPH Algorithm results for both Databases
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IV. DIFFICULTIES IS FACE RECOGNITION UNDER VARIED CIRCUMSTANCES

3.1. Lightning: Lightning is an important aspect when we consider difficulties in recognizing facial patterns. Different
lightning conditions affect the image for same object. Irrespective of the lightning condition the system must be capable to
provide best results.
3.2. Mirroring: The system should be capable to identify a mirror image.
3.3. Rotation: If the image is in rotated form, the system must be capable to identify the pattern.
3.4. Scale: A considerable change in size of the object should not be a problem for the system.
All the above stated aspects play an important role in defining the efficiencies and robustness of our system.
V. APPLICATIONS OF OBJECTS RECOGNITION WITH SVM
4.1. Biometric recognition: Biometric technology uses both human physical as well as behavioural traits to recognize a
person for security and authentication purpose [19]. Biometric identification consists of fingerprints, retina patterns, DNA, hand
geometry etc. For this analysis, object recognition techniques can be used.
4.2. Surveillance: Objects can be recognized and tracked for various video surveillance systems. Object recognition is
required so that the suspected person or vehicle for example be tracked.
4.3. Industrial inspection: Parts of machinery can be recognized using object recognition and can be monitored for
malfunctioning or damage.
4.4. Content-based image retrieval (CBIR): When the retrieval is based on the image content it is referred as CBIR. A
supervised learning system, called OntoPic, which provides an automated keyword annotation for images and content–based
image retrieval is presented in [9].
4.5. Robotic: The research of autonomous robots is one of the most important issues in recent years. The humanoid robot
soccer competition is very popular. The robot soccer players rely on their vision systems very heavily when they are in the
unpredictable and dynamic environments. The vision system can help the robot to collect various environment information as
the terminal data to finish the functions of robot localization, robot tactic, barrier avoiding, etc. It can decrease the computing
efforts, to recognize the critical objects in the contest field by object features which can be obtained easily by object recognition
techniques.
4.6. Medical analysis: Tumour detection in MRI images, skin cancer detection can be some examples of medical imaging
for object recognition.
4.7. Optical character/digit/document recognition: Characters in scanned documents can be recognized by recognition
techniques.
4.8. Human computer interaction: Human gestures can be stored in the system, which can be used for recognition in the
real-time environment by computer to do interaction with humans. The system can be any application on mobile phone,
interactive games, etc.
4.9. Intelligent vehicle systems: Intelligent vehicle systems are needed for traffic sign detection and recognition, especially
for vehicle detection and tracking. In [8], such a system is developed. In detection phase, a colorbased segmentation method is
used to scan the scene in order to quickly establish regions of interest (ROI). Sign candidates within ROIs are detected by a set
of Haar wavelet features obtained from AdaBoost training. Then, the Speeded Up Robust Features (SURF) is applied for the
sign recognition. SURF finds local invariant features in a candidate sign and matches these features to the features of template
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images that exist in data set. The recognition is performed by finding out the template image that gives the maximum number of
matches.
VI. CONCLUSION
In this project, we have a tendency to enforced a identity verification system employing a global-approach to feature

extraction supported Histogram-Oriented Gradient. After that we extracted the feature vectors for varied faces from the AT&T
and Yale databases and used them to coach a binary-tree structure SVM learning model. Running the model on each database
resulted in over ninetieth accuracy in matching the input face to the right person from the gallery. we conjointly noted one
amongst the shortcomings of employing an international approach to feature extraction, that is that a model trained employing a
feature vector of the whole face rather than its geometrical parts makes it less strong to angle and orientation changes. However,
once the variation in facial orientation isn't massive, the global-approach continues to be terribly correct and less complicated to
implement than component-based approaches.
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