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Abstract— Image feature detection is a fundamental issue in 

many intermediate level vision problems such as stereo, 

motion correspondence, image registration and object 

recognition. In this paper, we are going to present an 

approach to feature detection. We provide extensive 

experimental results to demonstrate its potential applications 

to several image analysis problems. Automatic recognition 

of people is a challenging problem which has received much 

attention during the recent years due to its many applications 

in different fields such as law enforcement, security 

applications or video indexing. Face recognition is a very 

challenging problem and up to date, there is no technique 

that provides a robust solution to all situations and different 

applications that face recognition may encounter.   
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I. INTRODUCTION 

Almost in any face recognition application, a face detection 

stage is needed. Although face detection poses also a very 

challenging problem, many techniques have been proposed 

with enough success to consider face detection a very 

mature field of research. Face recognition can be divided 

into two basic applications: identification and verification. 

In the identification problem, the face to be recognized is 

unknown and is matched against faces of a database 

containing known individuals. In the verification problem 

the system confirms or rejects the claimed identity of the 

input face. Although differences may exist, this position 

paper will address the general problem of face recognition 

and no particular distinction will be made among the two 

problems as the challenges and the used techniques are 

basically the same. 

Face recognition is a part of a wide area of pattern 

recognition technology. Recognition and especially face 

recognition covers a range of activities from many walks of 

life. Face recognition is something that humans are 

particularly good at and science and technology have 

brought many similar tasks to us. Face recognition in 

general and the recognition of moving people in natural 

scenes in particular, require a set of visual tasks to be 

performed robustly. That process includes mainly three-task 

acquisition, normalization and recognition. By the term 

acquisition we mean the detection and tracking of face-like 

image patches in a dynamic scene. Normalization is the 

segmentation, alignment and normalization of the face 

images, and finally recognition that is the representation and 

modelling of face images as identities, and the association of 

novel face images with known models. 

II. NEED OF FACE RECOGNITION 

Given the requirement for determining people's identity, the 

obvious question is what technology is best suited to supply 

this information? There are many ways that humans can 

identify each other, and so is for machines. There are many 

different identification technologies available, many of 

which have been in commercial use for years. The most 

common personal verification and identification methods 

today are Password PIN known as Personal Identification 

Number, systems. The problem with that or other similar 

techniques is that they are not unique, and is possible for 

somebody to forget loose or even have it stolen for 

somebody else. In order to overcome these problems there 

has developed considerable interest in "biometrics" 

identification systems, which use pattern recognition 

techniques to identify people using their characteristics. 

Some of those methods are fingerprints and retina and iris 

recognition. 

Though these techniques are not easy to use. For 

example in bank transactions and entry into secure areas, 

such technologies have the disadvantage that they are 

intrusive both physically and socially. The user must 

position the body relative to the sensor, and then pause for a 

second to declare himself or herself. That doesn’t mean that 

face recognition doesn’t need specific positioning. As we 

are going to analyze later on the poses and the appearance of 

the image taken is very important.  

III. FACE RECOGNITION AND FACE DETECTION 

Face recognition is a technique of recognizing faces but it is 

not necessary to "freeze" the user in order to take a picture. 

Though there is a problem with recognizing faces when the 

pose of the face is different, but in particular, there is a limit 

on face rotations in depth, which include left and right; and 

up and down rotations. Face recognition itself is difficult 

because it is a fine discrimination task among similar 

objects, once we can find faces, which are quite similar. 

Adding pose variation naturally makes the problem more 

difficult. This is because the appearance of a person's face 

changes under rotation since the face has a complex 3D 

structure. 

At this point we have to distinguish face 

recognition for face detection. Many people think that these 

two terms are the same. Though even they have many 

similar techniques, are based on the same idea and 

algorithms, are two different, systems. The main difference 

is the fact that face recognition is detecting faces and search 

through a dataset in order to find an exact match but on the 

other hand face detection is looking for any match and as 

soon as one is found then the search stops. This task of face 

recognition seems to be sequential and have traditionally 

often been treated as such. However, it is both 

computationally and psychophysically more appropriate to 

consider them as a set of co-operative visual modules with 

closed-loop feedback. In order to realize such a system, an 

integrated approach has been adopted which will perform 

acquisition, normalization and recognition in a coherent 

way. Images of a dynamic scene are processed in real-time 

to acquire normalize and aligned face sequences. In essence, 

this process is a closed-loop module that includes the 

computation and fusion of three different visual cues: 
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motion, color and face appearance models. Face tracking 

based upon motion and a face appearance model has been 

addressed in greater detail elsewhere. 

The visual cue of color is important but most of the 

face recognition algorithms, and also the one used for the 

project, are not really concerned about it. This project 

focuses upon person identification within such a framework. 

Complementary to recognition, appearance-based 

mechanisms for real-time face pose estimation have been 

developed which can be used to improve the robustness of 

detection and alignment. 

In general much research effort has been 

concentrated on face recognition tasks in which only a 

single image or at most a few images of each person are 

available. A major concern has been scalability to large  

databases containing thousands of people. However, large 

intra-subject variability casts doubt upon the possibility of 

scaling face recognition.  

 
Fig. 1: Fiducial points and component alignment. 

       Forehead Eye Brows 

 
Fig. 2:  

The tasks of face recognition mostly require 

recognition to be performed using sequences acquired and 

normalize automatically in poorly constrained dynamic 

scenes. These are characterized by low resolution, large-

scale changes, variable illumination and occasionally 

inaccurate cropping and alignment. Recognition based upon 

isolated images of this kind is highly inconsistent and 

unreliable. However, accumulating recognition scores over 

time can compensate the poor quality of the data. 

Face recognition is an active research area 

involving different fields such as physics, psychology, 

biology, mathematics, computer science and several others. 

A wide range of problems has been approached, resulting in 

many interesting applications. 

IV. FACE DETECTION ALGORITHM 

 Input: An image in BMP format 

 Output: Input image with denoted faces in it 

 
Fig. 3: Face Detection Algorithm 

A. Basic Steps Of Algorithm Are: 

[1] Firstly, completely unimportant colors are 

eliminated from image (those, which can't represent 

a face). All insignificant colors are replaced with 

white color. 

[2] Image is then converted into greyscale picture 

(PGM  format). 

[3] It is filtered with a median filter.  

[4] With the help of a “Region growth" algorithm      

white regions are segmented.  

[5] Regions which can't comprise an eye are eliminated 

as well. 

[6] Edges are traced in the image with significant  

greys. 

[7] Within preserved regions the algorithm searches  

for circles (eye candidates). 

[8] For each region the best possible circle is found. 

[9] Using geometric face characteristics the algorithm 

finds partner circles representing a pair of eyes. 

[10] For face candidate confirmation, color information 

of the whole face is used. With the help of this 

information the algorithm also (loosely) predicts 

the probability of a face. 

[11] Finally, using some heuristic rules, the algorithm 

tries to eliminate falsely classified faces [3]. 

V. APPROACHES 

A. Approaches to Face Recognition:  

Face recognition approaches on still images can be broadly 

grouped into geometric and template matching techniques. 

In the first case, geometric characteristics of faces to be 

matched, such as distances between different facial features, 

are compared. This technique provides limited results 
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although it has been used extensively in the past. In the 

second case, face images represented as a two dimensional 

array of pixel intensity values are compared to a single or 

several templates representing the whole face.  

More successful template matching approaches use 

Principal Components Analysis (PCA) or Linear 

Discriminant Analysis (LDA) to perform dimensionality 

reduction achieving good performance at a reasonable 

computational complexity/time. Other template matching 

methods use neural network classification and deformable 

templates, such as Elastic Graph Matching (EGM). 

Recently, a set of approaches that use different techniques to 

correct perspective distortion are being proposed. These 

techniques are sometimes referred to as view-tolerant [1]. 

B. Approaches to Face Detection: 

 The Top-Down Model-Based Approach assumes a 

different face model at different coarse-to-fine 

scales. 

 The Bottom-Up Feature-Based Approach searches 

the image for a set of facial features and groups 

them into face candidates based on their geometric 

relationship. 

 Texture-Based Approach faces are detected by 

examining the spatial distribution of the gray-level 

information in the sub-image (using Space Gray 

Level Dependency (SGLD) matrices). 

 The Neural Network Approach detects faces by 

sub-sampling different regions of the image to a 

standard-sized sub-image and then passing it 

through a neural network filter.  

 The Color-Based Approach labels each pixel 

according to its similarity to skin color, and 

subsequently labels each sub-region as a face if it 

contains a large blob of skin color pixels. 

 Motion-Based Approaches use image subtraction to 

extract the moving foreground from the static 

background. 

 At Depth-Based Approach primary facial features 

are localized on the basis of facial depth 

information.[3] 

VI. FACE RECOGNITION DIFFICULT SCENARIOS 

When the scenario departs from the easy scenario, then face 

recognition approaches experience severe problems. Among 

the special challenges let us mention: pose variation, 

illumination conditions, scale variability, images taken years 

apart, glasses, moustaches, beards, low quality image 

acquisition, partially occluded faces etc. An additional 

important problem, on top of the images to be recognized, is 

how different face recognition systems are compared. It is 

accepted that in these difficult scenarios, the face 

recognition problem is very far from being solved. 

A. A Possible Way Out For Difficult Scenarios 

In search of finding solutions for difficult face recognition 

scenarios, some help is found in two broad areas: video 

based face recognition and multimodal approaches. 

1) Video-Based Face Recognition: 

Initially, face recognition systems focused on still images. 

However, during the last years research on face recognition 

in image sequences has gained much attention, although 

nearly all systems apply still-image face recognition 

techniques to individual frames. In addition to its broader 

number of applications, video-based face recognition 

provides several advantages over still image based face 

recognition. Good frames can be selected on which to 

perform the recognition stage. 

Video provides temporal continuity which allows 

reuse of recognition information obtained from high quality 

images in processing low quality frames. Video allows 

tracking of images such that facial expressions and pose 

variations can be compensated for, resulting in improving 

recognition. Motion, gait and other features can help a video 

based face recognition system. On the other hand, before 

video-based face recognition techniques may be used, some 

other difficult issues need to be tackled: Video-base 

segmentation. Face tracking. Video-based feature extraction. 

Low quality compressed images depending on the 

application. 

In spite of these difficult issues, I am convinced 

that video based face recognition has a tremendous potential 

and will signify a step-ahead in the field. Up to date results 

look very promising. 

2) Multimodal Approaches: 

Video-based face recognition systems bring other features 

which can help to alleviate the problem: speech and audio. If 

the information is in the content, why not to use it? The 

fusion of different information brings new problems but 

brings new solutions as well. There has been already a big 

effort in this direction which is also very promising. 

VII. MATH IN FEATURE DETECTION 

Consider shifting the image W by (u,v) 

 

 How do the pixels in W change. 

 Compare each pixel before and after using the Sum   

of Squared Differences (SSD). 

 This defines an SSD “error” E(u,v): 

       ∑ [                 ] 

       

 

Tailor Series expansion of I: 

 I(x+u,y+v)=I(x,y) 
  

  
  

  

  
  higher order 

terms. If the motion (u,v) is small, then first order 

approximation is good 

                   
  

  
  

  

  
  

The eigen vectors of a matrix A are the vectors x 

that satisfy:  Ax =    

The scalar λ is the eigen value corresponding to x. 
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A. Principal Component Analysis (PCA): 

PCA is one of the most used and cited statistical method. It 

is a mathematical procedure that performs a dimensionality 

reduction by extracting the principal components of the 

multi-dimensional data. The first principal component is the 

linear combination of the original dimensions that has the 

highest variability. The n- th principal component is the 

linear combination with the maximum variability, being 

orthogonal to the n-1 first principal components. The idea of 

PCA is illustrated in the figure given below. 

 
Fig. 4: PCA. x and y are the original basis.   is the first 

principal component. 

B. Linear Discriminant Analysis: 

LDA is widely used to find linear combinations of features 

while preserving class separability. Unlike PCA, LDA tries 

to model the differences between classes. Classic LDA is 

designed to take into account only two classes. Specifically, 

it requires data points for different classes to be far from 

each other, while point from the same class are close. 

Consequently, LDA obtains differenced projection vectors 

for each class. Multi-class LDA algorithms which can 

manage more than two classes are more used. Suppose we 

have m samples   ,...,    belonging to c classes; each class 

has    elements. We assume that the mean has been 

extracted from the samples, as in PCA. The objective 

function of the LDA can be defined as.[4] 

     = argmax 
      

      
 

VIII. HISTORY OF FACE RECOGNITION 

Face recognition rises from the moment that machine started 

to become more and more "intelligent" and had the advance 

of fill in, correct or help the lack of human abilities and 

senses. The subject of face recognition is as old as computer 

vision and both because of the practical importance of the 

topic and theoretical interest from cognitive science. Face 

recognition is not the only method of recognizing other 

people. Even humans between each other use senses in order 

to recognize others. Machines have a wider range for 

recognition purposes, which use thinks such as fingerprints, 

or iris scans. Despite the fact that these methods of 

identification can be more accurate, face recognition has 

always remains a major focus of research because of its non-

invasive nature and because it is people's primary method of 

person identification.          

Since the start of that field of technology there 

were two main approaches. The two main approaches to 

face recognition are: 

 Geometrical Approach And 

 Pictorial Approach. 

The geometrical approach uses the spatial 

configuration of facial features. That means that the main 

geometrical features of the face such as the eyes, nose and 

mouth are first located and then faces are classified on the 

basis of various geometrical distances and angles between 

features. On the other hand, the pictorial approach uses 

templates of the facial features. That method is using the 

templates of the major facial features and entire face to 

perform recognition on frontal views of faces. Many of the 

projects that where based on those two approaches have 

some common extensions that handle different poses 

backgrounds. Apart from these two techniques we have 

other recent template-based approaches, which form 

templates from the image gradient, and the principal 

component analysis approach, which can be read as a sub-

optimal template approach. Finally we have the deformable 

template approach that combines elements of both the 

pictorial and feature geometry approaches and has been 

applied to faces at varying pose and expression. 

Since the early start of face recognition there is a 

strong relation and connection with the science of neural 

networks. Neural networks are going to be analyses in more 

detail later on. The most famous early example of a face 

recognition "system", using neural networks is the Kohonen 

model. That system was a simple neural network that was 

able to perform face recognition for aligned and normalised 

face images. The type of network he employed computed a 

face description by approximating the eigen vectors of the 

face image's auto-correlation matrix; these eigen vectors are 

now known as "eigen faces".  

After that more other methods that where 

developed based on older techniques. If we want to 

summarize the methods that the "idea" of face recognition is 

based we have a geometrical approach or pictorial approach, 

and after that we have methods like eigen faces, Principal 

Component Analysis (PCA), or other methods that process 

images in combination with neural networks or other expert 

systems. 

IX. PRESENT STATE OF FACE RECOGNITION 

With the rapid evolution of the technology and the 

commercialisation of technological achievements, face 

recognition became more and more popular, not only for 

research but also for the use of security systems. That gave 

the motive to many researchers, and also companies in order 

to develop techniques for automatically recognising faces 

that would find many applications, including security and 

human-computer interaction. For instance, a face 

recognising machine could allow automated access control 

for buildings or enable a computer to recognise the person 

sitting at the console. Most existing face recognition 

systems, however, work only for frontal or nearly frontal 

images of faces. By recognizing faces under varying pose, 

one makes the conditions under which face recognition 

systems operate less rigid. 
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X. FUTURE SCOPE OF FACE RECOGNITION 

Is there any hope for the difficult scenarios? The answer is 

YES. We all know of an image processing system that has 

an impressive performance for all kind of scenarios: the 

Human Visual System (HVS). If it can do it, a computer 

should be able to do it also. The problem is to find out how. 

The answer is to fully understand the HVS. Many face 

recognition researchers are doing a very good job in the 

pixel domain. However, I believe that much more effort 

should be put in knowing the HVS and its influence on face 

recognition. Although there has been a lot of work trying to 

understand the HVS, not enough cooperative research has 

been conducted between the computer vision, signal 

processing and psychophysics and neurosciences 

communities. A strong effort needs to be done sharing 

results experiences and planning future research within these 

three communities. 

XI. CONCLUSION 

Face recognition has been and will continue to be a very 

challenging and difficult problem. In spite of the great work 

done in the last 30 years, we can be sure that the face 

recognition research community will have work to do 

during, at least, the next 30 years to completely solve the 

problem. Strong and coordinated effort between the 

computer vision, signal processing and psychophysics and 

neurosciences communities is needed. 
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