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Recognition of Human Faces

Abstract

This dissertation is devoted to the development of some image processing
algorithms and implementation of these algorithms in face recognition system. At
first face images were scanned and stored as windows bitmap file (bmp), in order
to extract features. In features extraction, the original face, edge-detected face and
thresholded-face were taken to extract three types of features. The face was
divided into small grids. Each grid of the face includes 10x10 matrix of gray level
values. Thus 100 data were taken from a grid and the average of these 100 data
were taken as a feature. The recognition systems include the template matching by
distance measurement (Hamming and Euclidean) between known and unknown
features and a neural network. Fifty faces of ten persons were used to test the
system. The highest recognition rate was 92%. Using features from thresholded

face and neural network as recognition tool achieved this result.



SUMMERY

Face recognition has been a difficult problem in the field of computer vision for
many years. Faceé recognition requires the ability to recognize identity despite
many variations in appearance that face can have in a scene. We propose a
recognition system capable of identifying human faces efficiently and with
invariance to rotation, deformation and illumination. The objective of this
research work was to develop a face recognition system based on visual face
features. In this dissertation, an analysis of some algorithms of Human Face
Recognition and implementation of these algorithms in recognition system has
been discussed. The recognition methods and results are studied and discussed.
The research has made it possible to conclude on the better feature extraction
method, as well as on the recognition method. It also made a suggestion for
future research on Human Face Recognition.

A lot of different theories and paradigms have already been developed for many
applications including security, surveillance, gaze-based control, affective
computing, speech recognition assistance, video compression and animation.
However, to date, no complete solution has been proposed that allows the
recognition of faces in real (un-contrived) images. These matters, which include
the discussion about the past and present status of Face recognition research,
have been given in chapter-1 of this thesis.

Face recognition is a part of image processing. Image processing deals with the
improvement of images for human perception, which is a general term for the
wide range of techniques that exist for manipulating and modifying images in
various ways. In the second chapter entitled “Image Fundamentals” describes
the basic terms 6f image, fundamentals of image processing related with this
dissertation as well as their various complexities, digital image representation

and image filtering. Until now various innovative methods to locate and track
I



faces have been proposed. Basically they used the visual cues. Some typical
systems are also introduced in chapter-2.

An Artificial Neural Network is used in this face recognition system. In the
third chapter entitled “Fundamentals of Artificial Neural network”, the
fundamentals of Artificial Neural Network are described.

Obviously a good feature may produce a good result for any recognition system.
A study of three types of face images from which meaningful feature may be
collected for face recognition are used in this research. These are Original face
images, Edge detected face images and thresholding face images. The steps
required to extract features are described in chapter-4. The recognition process
can be considered as a two-stage device. The first stage is feature extraction and
the second is classification. It is not necessary to know the formal mathematical
model of classification but suitable network architecture and a sufficient
training set are necessary to obtain a solution through experimentation. So the
use of distance measurement techniques in template matching and Neural

Networks has also been included in chapter-4.

The software developed for the analysis and recognition of Human Face
includes six separate program modules that are written to cover all the
operations. They are the Main Program, the Edge Detection Program, the Image
Thresholding Program, the Feature Extraction Program, the Recognition
Program and the Neural Network Program. The programs are written in C
language and compiled with Turbo C++ compiler. The techniques used in
deéigning the program, the algorithms of various modules and the flowchart of
the main program are described in chapter-5.

Chapter-6 of this dissertation explores the performance of the system for

various features and recognition methods. In first step, experiments were

I



conducted to find best parameters and target output pattern for neural network.

The target output patterns were Unit Matrix, Hamming code and 7-bit ASCII

code. This chapter also describes the experiments to find best features and

recognition methods. All of these tests were conducted with a reference

database of ten faces. Total 50 unknown faces were included to test the systems

performance.

The results of these experiments may be summarized as below.

The best performing (92%) net parameters includes features collected afier
threshold as input pattern and Unit Matrix as target output. Other parameters
are Hidden Unit=20, spr.=0.4, spread=0.25, etal=0.1 and eta2=0.2

This best performing net has also an average error of 0.000207 for Unit
Matrix as target output. This was one source of recognition error.

Neural Network and Template matching by Hamming and Euclidean
distance measurement perform nearly the same, Neural Network = 92%,
Euclidean=92% and Hamming = 90%.

For the same set of network parameters, features collected after threshold

proves better among the others.

After a comparative study of experimental results from different feature

extraction methods and recognition methods, analysis of sources of errors,

limitations etc, we concludes as below.

From our study, it is clear that the features collected from thresholded face

are proved stronger in recognition of human faces.

e The recognition of human faces is not so dependent on these methods but

Artificial Neural Network should be used as better future.
The recognition results are satisfactory and the developed system may be
used in any human or object identification system where reference database

is not so large.

IV



o For better result, Motion Field Histogram, Eigenspace Modeling or other
suitable features may be used and Convolutional Neural Network, Hidden
Markov Model (HMM) or any other suitable recognition tool should be used

in future research work.
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INTRODUCTION

1.1 Introduction

Face detection and recognition has been a difficult problem in the field of computer
vision for several years. Although humans perform the task in an effortless manner,
the underlying computations within the human visual system are of tremendous
complexity. The seemingly trivial task of finding and recognizing faces is the result of
millions of years of evolution and we are far from fully understanding how the brain
performs it.

Furthermore, the ability to find faces visually in a scene and recognize them is critical
for humans in their everyday activities. For a long time, the dream of computer
scientist is to develop the computer as an intelligent machine as human. The human
brain is so powerful that it can solve a wide variety of problems from thinking,
remembering, feeling and learning. In this time computer generation is known as fifth
generation computer and the computer scientist have come up to create intelligence in
these machines.

A lot of different theories and paradigms have already been developed for many
applications including security, surveillance, gaze-based control, affective computing,
speech recognition assistance, video compression and animation. However, to date, no

complete solution has been proposed that allows the recognition of faces in real (un-



Chapter-1 Introduction

contrived) images. This introduction begins with an outline of the main issues and
constraints that need to be addressed in face recognition.

The objective of this research work is to develop a face recognition system based on
visual face features. Face recognition and human civilization are related to each other
and it is a part and percel of every day life. The other names of Face Recognition are
Person Identification, Human Face Detection. As a part of the human civilization,
human face recognition as well as person identification is required. Human face
recognition is mostly required to solve many problems in our life such as information
retrieval, automatic banking, control of access to security areas and so on. In this
research a tiny effort has been carried out to develop the Face Recognition process.
This effort will reach this goal whenever it will be able to contribute something in the

Human Face Recognition system.

1.2 Importances and Motivation

Given the requirement for determining people's identity, the obvious question is what
technology is best suited to supply this information? There are many different
identification technologies available, many of which have been in widespread
commercial use for years. The most common person verification and identification
methods today are Password/PIN (Personal Identification Number) systems, and
Token systems (such as your driver's license). Because such systems have trouble with
forgery, theft, and lapses in users' memory, there has developed considerable interest
in biometric identification systems, which use pattern recoénition techniques to

identify people using their physiological characteristics. Fingerprints are a classic
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example of a biometric identification, newer technologies include retina and iris
recognition.

While appropriate for bank transactions and entry into secure areas, such technologies
have the disadvantage that they are intrusive both physically and socially. They require
the user to position their body relative to the sensor, and then pause for seconds to
declare themselves. This 'pause and declare' interaction is unlikely to change because
of the fine-grain spatial sensing required. Moreover, there is an ‘oracle-like' aspect to
the interaction: sihce people cannot recognize other people using this sort of data,
these types of identification do not have a place in normal human interactions and
social structures.

Face recognition from video and voice recognition have a natural place in the next-
generation -- they are unobtrusive (able to recognize at a distance without requiring a
‘pause and present' interaction), are usually passive (do not require generating special
electro-magnetic illumination), do not restrict user’s movement, and are now both low
power and inexpensive. So Human Face Recognition System 1s important for
controlling to secure facilities, personal information, services like banking and credit
checks etc.

Although some limited research works have been done in the field of Human Face
Recognition system, but these are not sufficient in the view of individual person
identification. Perhaps most important, however, is that humans identify other people
by their face and voice, therefore are likely to be comfortable with systems that use
face and voice recognition.

Recognition of Human Face System has a broad range of applications, as described

below.
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Person identification
Person identification has already been used in

¢ Forensic applications, such as in creating a composite sketch of a suspect and

then finding a match in a mug shot database.
¢ Personal identification for credit cards, driver’s license, passports, employee
ID.

¢ Access control, such as the access to check-cashing ATMs, buildings or rooms.
Video coding, video databases and teleconferencing system
It is well known that people are most sensitive to coding errors in facial features. The
coder would encode very precisely facial features (such as eyes, mouth, nose, etc) and
less precisely the rest of the picture.
Human—computer interaction
Currently some computer games can be played with head movement, instead of mouse
or keyboard (but the player must wear headgear).
Security monitoring
A face tracking system can be used as a security system in shopping malls, other
public areas, or private houses.
Banking system
In banking system, human face detection system is a much-used phenomenon.
Information retrieval
In information retrieval system human face recognition system plays a very important

role.
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1.3 Fundamental Issues in Face Recognition

Face recognition requires the ability to recognize identity despite many variations in
appearance that the face can have in a scene. The face is a 3D object, which is
illuminated from a variety of light sources and surrounded by arbitrary background
data (including other faces). Therefore, the appearance a face has when projected onto
a 2D image can vary tremendously. If we wish to develop a system capable of
performing non-contrived recognition, we need to find and recognize faces despite
these variations.

Additionally, our detection and recognition scheme must also be capable of tolerating
variations in the faces themselves. The human face is not a unique rigid object. There
are billions of different faces and each of them can assume a variety of deformations.
Inter-personal variations can be due to race, identity or genetics, while inter-personal
variations can be due to deformations, expression, aging, facial hair, cosmetics and
facial paraphernalia.

Furthermore, the output of the detection and recognition system has to be accurate. A
recognition system has to associate an identity or name for each face it comes across
by matching it to a large database of individuals. Simultaneously, the system must be
robust to typical image-acquisition problems such as noise, video-camera distortion
and image resolution. Thus, we are dealing with a multi-dimensional detection and
recognition problem. One final constraint is the need to maintain the usability of the
system on contemporary computational devices. In other words, the processing

involved, should be efficient with respect to run-time and storage space.
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1.4 History and Mathematical Framework

The subject of face recognition is as old as computer vision, both because of the
practical importance of the topic and also of theoretical interest from cognitive
scientists. Despite the fact that other methods of identification (such as fingerprints, or
iris scans) can be more accurate, face recognition has always remained a major focus
of research because of its non-invasive nature and because it is people's primary
method of person identification.

In following years many researchers tried face recognition schemes based on edges,
inter-feature distances, and other neural net approaches. While several were successful

on small databases of aligned images, none successfully addressed the more realistic
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