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ABSTRACT 
 
The objective of this thesis work, is to propose an algorithm to detect the faces in a digital 

image with complex background. A lot of work has already been done in the area of face 

detection, but drawback of some face detection algorithms is the lack of ability to detect faces 

with closed eyes and open mouth. Thus facial features form an important basis for detection. 

The current thesis work focuses on detection of faces based on facial objects. The procedure 

is composed of three different phases: segmentation phase, filtering phase and localization 

phase. In segmentation phase, the algorithm utilizes color segmentation to isolate human skin 

color based on its chrominance properties. In filtering phase, Minkowski addition based 

object removal (Morphological operations) has been used to remove the non-skin regions. In 

the last phase, Image Processing and Computer Vision methods have been used to find the 

existence of facial components in the skin regions.  

 
This method is effective on detecting a face region with closed eyes, open mouth and a half 

profile face. The experiment’s results demonstrated that the detection accuracy is around 

85.4% and the detection speed is faster when compared to neural network method and other 

techniques.  
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CHAPTER 1 
 

Introduction 
 
Face detection is the essential front end of any face recognition system, which locates and 

segments face regions from still images. Over the past decades, the problem of human face 

detection has been thoroughly studied by the computer vision community for its fundamental 

challenges and interesting applications, such as video surveillance, human computer 

interaction, face recognition and face data management [1]. Most face recognition algorithms 

assume that the face location is known, however, in reality, most images are complicated and 

may contain extraneous visual information or multiple faces [2]. Given an image, the goal of 

face detection algorithm is to identify the location and scale all the faces in the image. The 

task of face detection is so trivial for the human brain, yet it still remains a challenging and 

difficult problem to enable a computer to do face detection. This is because the human face 

changes with respect to integral factors like facial expression, beard and mustache, glasses 

etc., and it is also affected by external factors like scale, lighting conditions, contrast between 

faces and background and orientation of the face [3]. Numerous approaches have been 

proposed for face detection [4, 5, 6], however, in most of the algorithms the computational 

time is very high. 

 
1.1  Importance of Face Detection 
 
Automatic face detection is the first major step in a face recognition system. The success of a 

face recognition technique depends, on the detection scheme used to extract the face area 

from an image. For instance, consider a situation where the person focused in the image in 

Figure 1 is to be identified.  

 
Figure 1 Image containing a face 
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If there is no way to accurately locate and extract the face area from the rest of the image, it 

becomes difficult to carry out the recognition. One way that some researchers on face 

recognition get around this problem is to manually crop the face area from every image that is 

to be recognized. However, manual cropping is not appropriate for the use in many practical 

systems. 

 
1.2  Problem Definition 
 
Many face detection techniques are only good for detecting and extracting one face from an 

image. Others can handle multiple face detection, but require too many training images before 

a good percentage of the faces in the test images can be detected. A system is required which 

will detect, locate and segment faces in images, so that these segregated faces can be given as 

input to face recognition systems. 

 
1.3  Proposed Approach 
 
In this thesis work, a face detection algorithm that can detect human faces with high speed 

and high detection rate has been described. Moreover this method gives good performance if 

faces with complex background, half profile face, and some facial variations. Initially color 

segmentation technique has been used to segment the skin color region and non-skin color 

region. Followed by skin segmentation where some morphological operations have been used 

to remove noises from the image. Finally by applying feature based technique, the facial 

features according to human eyes, mouth and height to width ratio of face have been 

extracted. The experiment’s results demonstrated that the detection accuracy is around 85.4% 

and the detection speed is faster when compared to neural network method and other 

techniques. 

 
1.3.1 System Architecture 
 
The approach of detecting faces in digital image consists of five methods: (1) Skin 

Segmentation based on color model, (2) Morphological based image filtering for discarding 

non-face pixel, (3) Determination of height to width ratio detection, (4) Existence of mouth in 

a region, and (5) Existence of eyes in a region. The first two methods are performed on the 
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entire image. The remaining three methods are focused only on the region that is suspected to 

be a face. The system architecture of face detection is presented in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 System Architecture of Face Detection 

Original Image 

Preprocessing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

RGB to YCBCR Color 
Model 

Skin Segmentation 

YCBCR to RGB Color 
Model 

 

Morphological 
Operations 

 

Determining Facial Features 
 
 
 
 
 
 
 
 
 
 
 
 

Height to Width Ratio 

Existence of Mouth 

Existence of Eyes 

Resultant Image 
(Face Detected Image) 

Non-Face Regions 



Rolance Chellakumar Kripakaran Degree Project June, 2011 
E4040D 

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

4 

1.4  Previous Work 
 
Various approaches to face detection are discussed in [7, 8]. These approaches utilize 

techniques such as Principle Component Analysis, neural networks, machine learning, 

information theory, geometrical modeling template matching, Hough transform, motion 

extraction and color analysis. The neural network based approaches [9, 10] and view based 

approaches [4] requires a large number of faces and non-faces as training samples. 

Schneiderman and Kanade [11] proposed a face detector based on the estimation of the 

posterior probability function, and in this profile images were added to the training set so as to 

detect side-views. Viola and Jones [12, 13] were the first to develop a real-time frontal-face 

detector that achieves comparable detection and false-positive rates. Instead of designing a 

complex classifier, a cascade of simple classifier is employed. An input patch is classified as a 

possible face if and only if it passes tests in all of the nodes. Most non-face patches are 

rejected quickly by the early nodes. Cascade detectors have demonstrated an impressive 

detection speed and high detection rates. There are three contributions in the Viola-Jones face 

detection algorithm: the integral image representation, the cascade framework, and the use of 

AdaBoost to train the cascade nodes. Li Xiaohua, Kin-Man Lam, Shen Lansun and Zhou Jiliu 

in [14] have mentioned the problem with AdaBoosting for face detection. However, during 

the Ada-Boost-based cascade training, they empirically found that the complexity level 

increases quickly, while the generalization error of non-face examples decreases slowly with 

an increase in node depth larger than a certain number. There author has used simplified 

Gabor feature and hierarchical regions in a cascade of classifiers to detect faces. 

 
Recently, many researchers detect faces by combining feature and color based methods to 

obtain a high performance and high speed results [15, 16]. The advantages of these methods 

are fast, high detection rate, and can handle faces with complex background,  therefore color 

and feature based face detection is being focused in this thesis work which gives efficient 

results as shown in Table 1. However these typical methods have some defects. First, color 

based method is hard to detect the skin color under different lightning conditions [17], which 

has been overcome in this current thesis work, in Section 3.1.1. Second, many researches find 

the features of eyes by detecting eyeball, the white of the eye, or the pupil of the eye. It will 

result in false detection when the human closes eyes or wearing glasses, thus modified feature 

existence has been used in the current thesis work, which has been described in Section 3.2.3. 
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Third, the feature based detection has large computation and operates slowly, thus rather than 

checking for the entire feature, the existance alone is verified which improves the 

computational speed  of the algorithm, which has been discribed in Section 3.2.2. 
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CHAPTER 2 
 

Vision and Mission 
 
2.1  Face Detection 
 
An automated face recognition system is the urgent and most in need of development for 

today’s world, where there are so many ways to mimic a human’s identity. Before 

recognition, face detection plays a vital role as in every important destination like airports, 

railway stations, shopping malls etc., there are vigilance cameras and there may be problems 

in the image thus captured. Thus, the analysis of human versus machine perspective is 

important before proceeding further. 

 
2.1.1 Human Perspective 
 
The human brain is an amazing organ. It works so intuitively that many scientists have been 

working and trying to explore the cognitive knowledge of human brain. In most of the cases, 

it is difficult for a human to explain for his actions, but when it comes to face detection, how 

the brain detected the face can be given a thought. The rationale behind is the existence of 

features like eyes, nose, mouth, hair, ears and many more. In fact, human brain is so talented 

that it can even detect a face with any one of these mentioned features. The challenge lies in 

giving this intelligence to a system and that is the next generation of computers, Artificial 

Intelligence. 

 
2.1.2 Machine Perspective 
 
For a machine to solve such real world problems, its intelligence lies more in the software 

also called as Computer Vision. A computer views an image as a set of pixels with little or no 

information about its content. Thus the development of a robust algorithm which enables the 

computer to detect faces in every circumstance would be the ultimate goal of every researcher 

in the field of face detection. The brain of such an algorithm lays in the way it came to a 

conclusion thus it must be able to justify the results and for this purpose Computer Vision is 

used. 
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2.2  Computer Vision 
 
The goal of computer vision is to make useful decisions about real physical objects and scenes 

based on sensed images [28], in other words, it is concerned with artificial systems that 

extract useful information from images. When Computer Vision is used for face detection, the 

algorithm needs to ensure that the detected area is a face with the rationale of how human’s 

detect that is lightening, closed eyes, complex background and such other difficulties must not 

mislead the algorithm. To ensure such robustness, skin segmentation and features such as 

eyes, mouth etc based technique is to be used. 

 
2.2.1 Color Spaces and Segmentation 
 
Skin segmentation separates pixels representing skin from background pixels. Skin 

segmentation plays one of the major roles in the process of face detection. If incorporated 

properly, color segmentation based on skin tone can be a very powerful tool for facial 

detection. By initially narrowing the detection field to areas representing human skin, 

segmentation saves valuable time and increases the success rate of other methods. As now a 

days digital color images are used, it is assumed that the face is not white, green, red or any 

unnatural color of that nature. The range of colors that human facial skin takes on, is clearly a 

subspace of the total color space. In pursuing this goal, three color spaces were looked at, that 

have been reported to be useful in the paper [18], HSV and YCBCR color spaces, as well as 

the more commonly seen RGB color space.  

 
The second step in the face detection algorithm is skin segmentation to reject as much non-

face of the image as possible, since the major part of the images consists of non-face color 

pixels. There are two ways of segmenting the image based on skin color: converting the RGB 

picture to YCBCR space or to HSV space. An YCBCR space segments the image into a 

luminosity component and color components, where HSV space divides the image in to the 

three components of hue, saturation and color value. The main advantage of converting the 

image to YCBCR domain is that influence of luminosity can be removed during image 

processing. In the RGB domain, each component of the picture (red, green and blue) has 

different brightness. However in the YCBCR domain all information about the brightness is 
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given by the Y-component, since CB (blue) and CR (red) components are independent from 

the luminosity.  

 
In this thesis work YCBCR and HSV color space for skin segmentation were tried. Compared 

to HSV in YCBCR space, CB and CR components give a good indication on whether a pixel is 

part of skin or not which has been justified in Section 3.1.1. However, that even with proper 

thresholds, images containing other parts of the body, such as exposed arms, legs and other 

skin will be captured and most will be removed in the following image processing steps. 

Compared to YCBCR space, in HSV color space computational time is very high, so for this 

thesis work, it was decided to proceed with YCBCR color space, even many researchers have 

found that skin can be accurately represented independent of luminance with a small range of 

chrominance [19, 20]. 

 
2.2.2 Morphological Operations 
 
Morphology is a broad set of image processing operations that process images based on 

shapes. Morphological operations apply a structuring element to an input image, creating an 

output image of the same size. In a morphological operation, the value of each pixel in the 

output image is based on a comparison of the corresponding pixel in the input image with its 

neighbors. By choosing the size and shape of the neighborhood, a morphological operation is 

constructed that is sensitive to specific shapes in the input image. 

 
The most basic morphological operations are dilation and erosion. Dilation adds pixels to the 

boundaries of objects in an image, while erosion removes pixels on object boundaries. The 

number of pixels added or removed from the objects in an image depends on the size and 

shape of the structuring element used to process the image [21]. 

 
Skin segmentation which separates face, non-face (e.g. arms, legs, etc.) and many other skin-

like objects (i.e. those with similar skin color) could leave many orphan pixels that have no 

connectivity with other pixels and are concentrated in small region. Similarly, large pixel 

regions that do not conform to facial characteristics may also be found. In the image 

processing realm, these kind of regions can be considered as noise because it will give false 

positive detection result. To alleviate this problem, a mathematical-based morphological 
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technique is utilized in Section 3.1.2. The method employs a union-intersection set concept, 

also known as the Minkowski’s addition and subtraction [22].  

 
2.2.3 Feature-based Technique 
 
The methods that were discussed till now, were used to pre-process the input image. This 

section plays the major role in face detection. As mentioned earlier to perform this task many 

researchers have proposed several techniques and algorithms, but not all the techniques are so 

efficient. In some techniques the computational time is very high and some techniques require 

more training images. For the classical technique like template matching, the template needs 

to be prepared, for that more training images are needed, and these training images will be 

cropped manually to uniform size. It is also important that these images be properly aligned 

and scaled with respect to one another. However, this manual cropping is not appropriate for 

use in many practical systems.  

 
In general every object has some unique features, for example if a fish is considered its 

features can be length and width of each fish, similarly human face has some unique features 

like eyes, mouth, nose, etc. It is easy to classify the objects by using its features and that has 

been done in Section 3.2 of this thesis work to classify the image regions whether it is a face 

or not. By applying this feature based technique, the facial features according to human eyes, 

mouth and height to width ratio of face are extracted. 
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CHAPTER 3 
 

Implementation 
 
For face detection, the proposed algorithm is based on color and feature based method, so 

detections can be fast and accurate. In real time many researchers have combined these two 

methods to obtain accurate human face in an image. However, in traditional color based 

method it is hard to detect the skin color in different lighting condition and in typical feature 

based method it has high computation complexity, so the skin segmentation method and 

feature based detection have been simplified to overcome this problem. The details of these 

proposed methods are explained as follows. 

 
3.1  Preprocessing  
 
Before extracting the features the images are preprocessed in order to differentiate the skin 

and non-skin regions. For this purpose the RGB to YCBCR color model is used followed by 

skin segmentation.  

 
3.1.1 Skin Segmentation 
 
As now a days,  digital color images are used, where detection of a face depends on the major 

factor of skin detection. This method is very useful to remove the pixels that do not hold skin 

color. However, it is hard to detect the skin color in different lighting conditions, so to 

overcome this it was decided to proceed with YCBCR color space, because in RGB color 

space each component of the picture (red, green and blue) has different brightness. However 

in the YCBCR domain all information about the brightness is given by the Y-component, since 

CB (blue) and CR (red) components are independent from the luminosity.  

 
So as an initial step, an RGB image is converted to YCBCR image. The conversion can be 

done in two methods. Firstly, the following conversions may be used to convert an RGB 

image into Y, CB and CR components [23]: 

 
  Y = 0.257 * R + 0.504 * G + 0.098 * B + 16 
  CB = 0.148 * R – 0.291 * G + 0.439 * B + 128 
  CR = 0.439 * R – 0.368 * G – 0.071 * B + 128 
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Secondly, matlab toolbox can be used for conversion. The matlab toolbox function has been 

used for converting an RGB image to YCBCR image. After the conversion is performed, two 

Chroma components CB and CR have been taken to segment the pixel in the entire image. 

After experimenting with various thresholds, it was found that the best results were obtained 

by using the following rule: 

(cr > 136 && cr < 158 && cb > 102 && cb < 128)          Skin, 
 
and otherwise assume that it is not skin and may be given for further consideration. Once the 

segmentation is performed, the segmented image can be converted back to RGB color space. 

The implementation result of skin segmentation can be seen in Figure 3. 

 

      
(a) (b) 

 

      
                (c )    (d ) 
      

Figure 3 Result of Skin Segmentation.  
Image (a) and (c) Shows the Original Image.  

Image (b) and (d) Shows the Skin segmented Image. 
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3.1.2 Blob Analysis 
 
Blob analysis or Morphological Operations as discussed in Section 2.2.2 are used to remove 

the noise from an image. The resulting image that is obtained after color segmentation would 

still contain some noise, which is made up of scattered skin pixels and may be some arbitrary 

pixels of other objects that share similar tones to that of the skin. It is also possible that some 

pixels are missing within regions of a face because the segmentation was too strict, thus 

removing some pixels which are actually real skin. However,  an image that is clean such that 

face detection algorithm will be able to run without difficulties is needed. To accomplish this, 

a combination of morphological operations is performed on the color segmented image to fill 

up the holes in between skin regions, as well as removing irrelevant noise.  

 
For all of these operations, a skin segmented RGB image is converted in to a binary image 

with luminance value of 0.2, because these operations can be performed only on gray-scale 

and binary images. Initially, small black holes that are present in the face regions are wrapped 

up. Next, two flat disk shaped structuring element with a radius of 6 and 8 have been created. 

The structuring element with a radius 6 is used to perform erosion operation in an image, and 

the structuring element with a radius 8 is used to perform dilation operation in an image. The 

erosion operation will contract an image border such that structuring element fits inside the 

image. The dilation operation will expand an image border in area such that structuring 

element overlaps its edges. These morphological operations of dilation and erosion can be 

used in different combination. In this thesis work erosion has been used first, followed by 

dilation operation. This opening operator combination will help in smoothing the contour of 

an object.  

 
The final step of morphological operation is performed by using “bwareaopen” function 

which eliminates the region whose area is less than 500. This step will eliminate the regions 

that are very small. The resultant image after all these above mentioned processes will be a 

binary image. This binary image is converted to RGB image for further processing. So at the 

end of morphological operations, two images (i.e.) RGB and binary image, are got. The 

implementation result of morphological operations can be seen in Figure 4. 
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                (a)    (b) 
 

      
                (c)    (d) 
     

Figure 4 Results of Blob Analysis.  
Image (a) and (c) Shows the Result in RGB Image.  

Image (b) and (d) Shows the Result in Binary Image. 
 
3.2  Determining Facial Features 
 
3.2.1 Determination of Height to Width Ratio 
 
After performing morphological operations, there are several skin-like regions that may be or 

may not be a human face. Two output images are obtained after the process of morphological 

operation; the two images are RGB and Binary image. In this method, binary image is taken 

for further processing. In the binary image there are several blocks of white pixels, each block 

need to be segmented as a region. This can be done by applying “bwlabel” function; the 

output of this function gives a number of regions in an image. Next  dimensions of height and 

width of every region is found. This data will be used in current and upcoming methods. Now 

each region will be processed in a queue. If the region does not satisfy this method then 

corresponding region will be discarded and it will not be taken in to account for further 
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processing. This condition will be followed for the remaining two methods as well. The 

region that satisfies the current and remaining two methods will be considered as a face. This 

process will reduce the computational complexity too.  

 
In this step, height to width ratio will be determined by using ”BoundingBox” property, which 

finds the ratio of height and width for each region. If the value of this ratio lies in the range of 

0.75 and 2.50 then it is considered to be a face region and taken for further processing else 

discarded as a non-face region. The range of this threshold was determined by experiment. 

 
3.2.2 Existence of Mouth in a Region 
 
After determining the height to width ratio for the regions, a more complex detection has been 

applied to find the existence of mouth, in order to do so, the specific region needs to be 

cropped. This can be done by using the dimensions, height and width of the regions that was 

calculated in the previous method by using ”BoundingBox” property. In this method, the 

RGB image output got from morphological operation is used as an input.  

 
When compared with other regions of human face, there is more concentration of red color 

near the mouth or lips (in case if mouth is open) and for this reason RGB image has been 

used. To find the mouth pixel accurately, the color components (R,G and B) are seperated for 

each pixel. Then these color component values are processed to calculate θ that was proposed 

in another paper [24]. Color spaces are transformations of RGB cube. There are many 

different color spaces each with its own rationale. In order to find the existence of mouth HIS 

color space has been used. Its stands for Hue, Intensity and Saturation. The colors R,G and B 

change angles according to HIS color space. This corresponds to viewing the colors in the 

direction of the diagnols. The Hue is defined as shade of a color, in order to check for the 

existence of mouth or lips, the shades of red color needs to be detected. Therefore Hue or θ, 

value is calculated for all of the pixels in every cropped region which gives the angle at which 

the color is located: 

 Ģ Ö cos能囊纂 0.5纵2观石剐石顾邹税纵观石剐邹挠十纵观石顾邹纵剐石顾邹嘴 
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The output image of Hue θ will be in a range of [0, 1]. Now the mean for θ is calculated. The 

pixel will be determined to be part of mouth by a binary matrix MouthMap: 

 Ho8 闺H̜s Ö 	逝				1,					Ģ 矢ĢŖȖ̜Ϝ/4	0,								o 闺Ȗ辊TheȖ  

 
Where “1” means that pixel is mouth. Figure 5 is an example for mouth pixel detection. In 

Figure 5(c), the mouth pixel is presented by black points. 

 

           
                     (a)         (b)                      (c) 
 

Figure 5 Results of Mouth Detection.  
Image (a) Shows the original region. 

Image (b) Shows the result of mouth detection in binary image  
Image (c) Shows the result of mouth detection in gray-scale Image. 

 
In this step, the existence of mouth in a region will be found. To perform this task, the white 

pixels are traced in the binary image, row wise (i.e. Y - coordinates). Here the count of white 

pixels that are there in y-coordinates is calculated, and one maximum value will be taken for 

further processing and it is denoted as “MouthMax” which is define as:  

 

 
 
Here “width” denotes the current width of the region image. The image is further divided in to 

seven regions (width / 7) and with a heuristic that the mouth or lips occupy more than one 

region. Therefore from the above equation if the value of ”MouthMax” is lesser than that of 

one region (width / 7) then the chances for existence of mouth are rare. With this method, the 

existence of mouth in a region can be detected and the speed of the algorithm is fast and this 

method will reduce the computational complexity too. 
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3.2.3 Existence of Eyes in a Region 
 
After mouth detection, the y-coordinates of mouth are known. Here a heuristic is applied to 

reduce the false detection. In human face eyes exist above mouth so when eyes need to be 

detected, the mouth and the area beneath mouth is not needed. So the system may crop the 

region up to mouth by using y-coordinates of mouth. This activity will help to detect the 

human eyes in the smaller region. The result of cropping can be seen in figure 6(a). Due to 

deeper lineaments around human eyes,  the existence of human eyes can be detected by the 

luminance which is slightly darker than average skin color. Therefore the Y component 

(luminance) of YCBCR is seperated and it is denoted as ”YEye” in this thesis work. The 

existence of human eyes is verified using the ”YEye” value. If it lies with in the range of 65 

and 80 then the pixel is around human eyes and assigned a value of 1 in the resultant binary 

image. The pixels which are around our human eyes are defined as: 

 

 
 
Figure 6(b) is an example that where the pixel around human eyes is found. In Figure 6(c) the 

pixel around eyes is presented by black points in gray-scale image. 

 

           
                 6(a)       6(b)                    6(c) 

 
Figure 6 Results of Eye Detection.  

Image (a) Shows the original region. 
Image (b) Shows the result of eye detection in binary image  

Image (c) Shows the result of eye detection in gray-scale Image. 
 
In this step the existence of eyes in a region will be found. To perform this task, the white 

pixels are traced in the binary image, row wise (i.e. Y - coordinates). Here the count of white 

pixels that are there in y-coordinates is calculated and it is denoted as “EyeYCoordinate”. In 

this method, the value of “MouthMax” that was found while tracing existence of mouth is 
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used in the threshold which is defined as α = 0.3 * MouthMax. Then the existence of eye is 

verified with the following equation: 

 

 
 
From the above equation, if the value of ”EyeYCoordinate” is greater than α  then we can 

confirm the existence of eyes in a region. Once eyes are detected, the regions which satisfy 

feature detection methods are considered as human face. If any one feature detection step fails 

to satisfy then that region will be rejected. 
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CHAPTER 4 
 

Experiment and Performance Evaluation 
 
Several experiments have been conducted to evaluate the performance of the proposed 

approach. The dataset used in the experiment, contain images with single face and multiple 

face objects. Most images were obtained from Georgia Tech Face Database [29], SCface - 

Surveillance Cameras Face Database [30, 31],  and some of them were manually captured 

using digital camera. All images in the data set possess the following characteristics: (1) Non-

uniform background, (2) face object with various positions, size and orientation. Figure 7 

shows the result of proposed face detection algorithm.  

 
 
 
 
 
 
 
 
 
 
 
 
 

(a ) Image_001   (b) Image_003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) Image_004   (d) Image_005 

 
Figure 7 Result of proposed face detection algorithm 
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 (e) Image_009   (f) Image_010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (g) Image_011   (h) Image_013 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (i) Image_014   (j) Image_016 

Figure 7 Continue 
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 (k) Image_025   (l) Image_026 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (m) Image_027   (n) Image_028 
 

Figure 7 Continue 
 
The performance of algorithm is measured in terms of detection accuracy and detection speed. 

Accuracy can be defined as a statistical measure of how well an algorithm correctly identifies 

or exclude a condition, as defined in the following: 

 故̊̊8辊̜̊裹Ö 	 棺8Ŗ瑰Ȗ辊	o归	馆官棺8Ŗ瑰Ȗ辊	o归		馆官十瓜官十瓜棺 
 
Where, TP denotes True Positive, FP denotes False Positive and FN denotes False Negative. 

The detection speed is defined as, the time required for an algorithm to produce the detection 

results since it receive the input image. The proposed algorithm was evaluated by 28 still 
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images with 137 human faces. Table 1 shows the analysis of experiment that was conducted 

by using 28 still images. 

 
Table 1 Analysis of proposed algorithm on images 

 
Image 
Name 

Number of 
Faces 

True 
Positive 

False 
Negative 

True 
Negative* 

False 
Positive 

Time in 
Seconds 

Image_001 16 13 3 3 0 2.23 

Image_002 5 5 0 0 0 2.40 

Image_003 5 5 0 8 1 5.65 

Image_004 3 3 0 11 1 5.58 

Image_005 2 2 0 3 0 5.55 

Image_006 5 5 0 2 2 0.87 

Image_007 4 4 0 1 1 2.88 

Image_008 5 4 1 6 0 0.66 

Image_009 2 2 0 8 2 0.73 

Image_010 2 2 0 2 0 0.69 

Image_011 6 6 0 4 3 3.44 

Image_012 6 4 2 3 1 3.44 

Image_013 6 6 0 4 1 3.43 

Image_014 6 6 0 6 0 3.45 

Image_015 10 10 0 0 0 0.72 

Image_016 2 2 0 2 0 1.54 

Image_017 5 4 1 3 0 0.65 

Image_018 9 7 2 7 0 1.60 

Image_019 10 8 2 8 1 1.34 
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Table 1 Continue 
 

Image_020 6 3 3 4 1 2.10 

Image_021 6 4 2 1 0 0.89 

Image_022 1 1 0 0 1 0.67 

Image_023 6 3 3 1 1 1.12 

Image_024 5 4 1 6 0 0.65 

Image_025 1 1 0 0 0 2.19 

Image_026 1 1 0 3 0 0.74 

Image_027 1 1 0 6 0 0.69 

Image_028 1 1 0 2 0 0.68 

* Obtained after pre-processing 
 
4.1  Result Analysis 
 
The above table shows that, the experiment is conducted on 137 faces and proposed algorithm 

can identify 117 faces in test images. Algorithm fails to identify 20 faces and there are 16 face 

detection errors.  

 
From the above table an interesting observation can be made. Few non-face but skin-like 

regions are obtained after pre-processing stage. These skin-like regions are verified by the 

facial feature extraction algorithm and neglected if it is not a face, considering them as true 

negative. If we compare the count of true negatives to that of false positives, the algorithm 

shows good efficiency in discarding the non-face regions. The false positives are very rare 

and obtained in very few images. The reason behind this is, in some images, few objects have 

same skin-like color, so that object cannot be removed at the time of skin segmentation. The 

skin segmentation algorithm assumes that it may be a skin region. Even then these objects can 

be removed at the time of morphological operation because at the end of morphological 

operation, the regions that have lesser than 500 pixels are filtered. If the false positive region 

contains lesser than 500 pixel it will be removed, otherwise it will escape from the 

preprocessing operation and carried over to next method. 
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Now, these false positive objects enter in to facial feature localization part. If the false 

positive regions are analyzed, the color in the image region is not uniform. Firstly, ratio of 

these regions lies between the threshold values that were assigned for face ratio. Secondly, 

there is no uniform color in these regions to check existence of mouth as color based 

technique has been used. Some color in the false positive region satisfies the mouth color and 

the minimum width that has been assigned while checking existence of eyes the luminance of 

some false positive regions satisfies the threshold that has been assigned for pixel value 

around the eyes. So algorithm assumes that eye exists.  

 
The tricky part of this proposed method is that if all the three localization methods are 

satisfied, only then the algorithm will assume that it is a face. In very rare cases, a non-face 

region satisfies all the above mentioned three methods and a false positive is obtained. In eye 

localization method a heuristic was used to avoid false prediction of eyes below mouth, if 

similar efficient heuristic is found, it will be helpful to avoid the false positive. 

 
Table 2 summarizes the experiment results. Based on the result the accuracy of proposed 

algorithm is 85.4% and average speed of face detection is less than 3 seconds.  

 
Table 2 Performance result of Face Detection algorithm 

 

Number of 
Faces 

Face 
Detected 

Detection 
Accuracy 

Time 
(Seconds) 

137 117 85.4% 2.15 

 
4.2  Comparison with other methods 
 
In general, some face detection methods fail to detect faces due to some facial expression like 

open mouth and closed eyes. To detect mouth they concentrate on the shape of the mouth. In 

case if the mouth is opened in the image, then the shape will be changed and it will lead to 

failure. To detect eyes, the existing algorithms try to identify the eye pupil or white area 

around the eyes so if the eye is closed then we cannot identify the existence of eyes, which 

also leads to failure. In this thesis work, the proposed method, the algorithm tries to identify 

mouth based on the color so even if the mouth is open, it will easily identify the mouth. 
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Similarly to identify eyes, the concentration is on the area that is darker around the eyes, so 

irrespective of closed eyes or if person is wearing glasses, the eyes are identified. 

 
Also some existing methods fail due to lighting condition. So the YCBCR color model was 

adopted to avoid luminance and this method works very good even for images with complex 

background.  

 
Table 3 Comparison of face detection methods 

 

Method Detection Rate (%) Resources used 

Proposed Method 85.4 
No training samples used 

(Automated process) 

Neural Network Method 90.5 
Face Samples: 1050 Images 
Non-Face Samples: 1000 Images 

View based stastical system 
method 

90 Face Samples: 11,580 Images 
Non-Face Samples: 4500 Images 

AdaBoost for Feature Selection 
Method 

93.1 Training Samples: 4916 Images 

Template Matching Method 83 Training Samples: 30 Images 

* Comparative face detection performance of the existing methods and the proposed method 
based on detection rate. 
 
The comparitive analysis is not done on the basis of results obtained as same set of images 

were not used by each of the methods mentioned in the table. Therefore comparison is based 

on the detection rate of how efficient each method is provided the amount of resources used. 

The neural network based methods tend to use higher number of images for taining (face and 

non-face samples) while the adaboost for feature selection and template matching, both 

methods require extensive amount of work with respect to tightly cropping the face. Thus 

compared to the existing methods, the proposed method requires no training samples and is a 

fully automated process which works on the entire input image irrespective of face or non-

face sample. The algorithm is intelligent enough to check for the face based on existence of its 

features. 
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CHAPTER 5 
 

Conclusion and Future work 
 
5.1 Conclusion 
 
With most of the face detection algorithms, having a constraint of either manual cropping of 

image or complete visibility of facial features, effort has been made in this thesis work to 

overcome the constraint. This study has developed an automatic face detection algorithm 

using facial features like eyes, mouth etc., based approach. The proposed system preprocesses 

an image and uses facial feature technique to detect faces in the given image. To enhance the 

performance and speed of the proposed system, some heuristic has been used in the detection 

of facial feature approach. The major contribution of this thesis work is that the proposed 

method can also detect faces with open mouth, closed eyes, half profile faces, tilted faces and 

wearing glasses. The performance of algorithm is very good in complex background and face 

has been correctly detected with various positions, size and orientation. On an average, the 

system can successfully function under above conditions with the accurate detection rate of 

85.4%. Additionally, the experimental results have shown that average speed of detection is 

less than 3 seconds. 

 
This thesis work gave me an opportunity to explore the various face detection algorithms, 

their working methodology and how the results could be improved upon. It gave me an 

opportunity to understand computer vision in practical aspects with implementation to real 

world problems and solution development. Also it gave me the knowledge of how human 

intelligence can be converted into artificial intelligence when applied to a particular domain. 

 
5.2 Future Work 
 
The foremost future work will be to concentrate on the false negatives where in a face exists 

and is not detected by the algorithm. Therefore a learning ability using neural networks if 

added to the existing algorithm, will help in understanding the face in a better way so that it 

remembers the features and would reduce the number of false negatives.  

 
The entire idea behind such a concept is to enable to know or find someone by their face even 

if name or address is forgotten. In future, the limitations of the current system itself can be 
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enhanced as follows: by using this system a digital image can be converted to user clickable 

image. The initial step of face detection has been currently taken up in this thesis work. By 

developing some new techniques that allows user to click the detected (tagged) faces, the face 

that is selected by user can be promoted to face recognition system and the person can be 

identified, this will lead to the profile or information about the identified person. In order to 

retrieve the information, a database must be managed and it needs to be updated regularly to 

get the correct information. A useful application of this concept can be done to our university 

website itself where the lecturer’s faces get detected and if a student needs to know about the 

lecturer’s contact details or any other information; he can directly click on the face to navigate 

to the teacher’s profile. This makes the digital image to interrogate with the users and that 

serves the purpose of artificial intelligence. Rather than having an image as a group of pixels, 

with little or no information, intelligence is imparted to the image in the form of the faces 

contained, navigation link to who the person is etc.  

 
In search engines, a person or person’s profile or details can be found, by using the person’s 

digital photo. Efforts are being taken by researchers in order to enable such face based search, 

which would be the next generation of search engines. Such an image based search engine 

could be highly beneficial in tracking cyber criminals, who may have different names and use 

fake profiles on social networking websites. On the other hand if all details are forgotten or 

unavailable, with only the image as a proof, it can be used to track down a person. In such 

case, the system needs to accept a face as input, process it and match it with all the photos 

available, even if the photo contains multiple faces along with the face that needs to be 

searched then the proposed face detection system can be used to detect the faces and the 

image is forwarded to the previous approach which has been mentioned in future work.  
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APPENDIX 
 
Appendix A: Image list 
 

S.No Image Name Size Courtesy of 

01 Figure 1 2182 * 3045 Georgia Tech Face Database 

02 Figure 3(a) 2812 * 1896 Dalarna University 

03 Figure 3(c) 3648 * 2736 Master’s student Sriram 

04 Figure 7(b): Image_003 5184 * 3456 
Master’s student Xiaoyuan 

Zhong 

05 Figure  7(c): Image_004 5184 * 3456 
Master’s student Xiaoyuan 

Zhong 

06 Figure 7(d): Image_005 5184 * 3456 Master’s student Xiaoyuan 
Zhong 

07 Figure 7(e): Image_009 720 * 540 Master’s student Fahim Jan 

08 Figure 7(f): Image_010 720 * 540 Master’s student Fahim Jan 

09 Figure 7(g): Image_011 3648 * 2736 Master’s student Magesh Kumar 

10 Figure 7(h): Image_013 3648 * 2736 Master’s student Magesh Kumar 

11 Figure 7(i): Image_014 3648 * 2736 Master’s student Magesh Kumar 

12 Figure 7(j): Image_016 2080 * 1368 Master’s student Rolance 

13 Figure 7(k): Image_025 2048 * 3072 
Surveillance Cameras Face 

Database 

14 Figure 7(l): Image_026 640 * 480 Georgia Tech Face Database 

15 Figure 7(m): Image_027 640 * 480 Georgia Tech Face Database 

16 Figure 7(n): Image_028 640 * 480 Georgia Tech Face Database 

 
Appendix B: Discussion and Criticism 
 
Critical analysis of the algorithm proposed leads to a discussion focused on images such as 

“Figure 7(a): Image_001”, where the existence of few faces is not detected. In particular one 

of the faces in the image mentioned above is not detected due to the absence of mouth region 

as the person has covered it with his hand. Secondly the face on the top right is not detected as 
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at the time of preprocessing the mouth region gets removed as shown in Figure 4(a). Finally 

the third false negative result is due to higher concentration of black pixels, literally there is 

no evidence of presence of eyes. While in some images like “Figure 7(g): Image_011”, false 

detection results were obtained. Possible reasons of such failure could be inadequate 

luminance in the detected region. The detection of eyes by applying a heuristic that once the 

face region is detected the existence of eyes is definitely expected above the mouth region 

could be critically acclaimed as the best part of this algorithm. Such a heuristic or idea could 

be coined in order to overcome the above mentioned failures. These discussions can be taken 

to next level by considering its possible solutions in future work. 

 


