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 Human face detection from videos has become a major field of interest. Face detection 

algorithms are used in a wide range of applications, such as security control, video 

retrieving, biometric signal processing, Human Computer Interface (HCI), face 

recognition and image database management. However, it is difficult to develop a 

complete robust face detector due to various light conditions, face sizes, face 

orientations, background and skin colors. The above mentioned constraints are 
overcome using the proposed algorithm. Initially, the input color video is converted into 

frames.  From the video database I, 19 frames are captured per second. Then, the color 

image is converted into lab format where the complications arising due to illumination 
variation are eliminated. Then using the method of thresholding, the image is converted 

into a binary image. Using the skin tone algorithm the face is detected from the video. 

The detection rate of the proposed method is around 98% and false positive rate is very 
less. When compared to the segmentation algorithm using the chrominance and 

luminance information, the proposed method performs well even under complex 

background and extreme lighting variations. The algorithm has been tested with more 
than three video databases and the system performs well. The performance is evaluated 

with real time captured video databases also and the performance is good. 
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INTRODUCTION 

 

Face detection is a computer technology that 

determines the locations and sizes of human faces in 

arbitrary (digital) images. It detects facial features 

and ignores anything else, such as buildings, trees 

and bodies. Face detection and localization is the task 

of checking whether the given input image contains 

any human face, and if so, returning the location of 

the human face in the image (Vijay Lakshmi and 

PatilKulakarni, 2010). Face detection plays an 

important role in the intelligent surveillance system 

in crossroads(Wu-Chih Hu et al., 2011). It can be 

regarded as a specific case of object-class detection. 

In object-class detection, the task is to find the 

locations and sizes of all objects in an image that 

belong to a given class. Examples include upper 

torsos, pedestrians, and cars. Detection of the human 

face is an essential step in computer vision and many 

biometric applications such as automatic face 

recognition (Sayantan Thakur et al., 2011). Detecting 

face is a crucial step in the identification applications 

like recognition or identification of faces, video 

surveillance, intelligent human-computer interface, 

face image database management and querying 

image databases. They are important in dynamic 

environments, such as videos, where noise 

conditions, illuminations, locations of subjects and 

pose can vary significantly from frame to frame. 

Among the various facial features, eyes and mouth 

are the most prominent features for recognition and 

estimation of head pose. 

 

1.1 Face Detection And Tracking: 

A large variety of video applications require 

objects to be detected, recognized and tracked in a 

particular scene in order to extract semantic 

information about scene activity and human 

behavior. In particular, most video surveillance 

applications rely on the detection of human activities 

captured by static cameras. In this domain, although 

cameras remain mostly fixed, many issues occur. For 

example, outdoor scenes can display varying lighting 

conditions (e.g. sunny/cloudy illumination, 

shadows), public spaces can be often crowded (e.g. 

subways, malls) and images can be obtained with a 

low resolution and can be highly compressed. Hence, 

detecting and tracking objects in such complex 

environment remains a delicate task to perform.  

Here, attention is focused on detecting and tracking 

faces in videos. Rather than to try to get better 

performances than state of the art face detection 
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algorithms the approach is designed to combine face 

detection with a tracking algorithm. 

The frontal views of faces means, tracking 

moving objects coming towards the direction of the 

camera observing them. These trajectories show 

unidirectional patterns of person's trajectory and 

occur in restricted scenarios such as in corridors. 

However, while a person moves across the camera 

field of view, both the person’s frontal and profile 

view of the face are likely to be captured. 

Face detection has been studied for many 

decades with a much higher interest this last decade 

since face detection and recognition algorithms are 

getting performed in terms of  processing cost and 

can be used for a large variety of applications such as 

in security or multimedia applications. The algorithm 

in the OpenCv library is widely used for face 

detection (Paul Viola and Jones, 2004). Haar features 

are used to represent faces and an Adaboost 

algorithm to build a cascade of fast classifiers. Great 

performances are generally obtained when Haar 

features are combined with boosting techniques for 

the detection of faces. Haar features take advantage 

of the grey level differences between regions of the 

face. Here the grey levels are further converted into 

binary image for the easy analysis of the system. The 

binary conversion can be carried by thresholding. 

Finally the image has been tracked with the help of 

the binary values after thresholding. Real-time face 

detection in grey level images using edge orientation 

information was illustrated (Bernhard Froba and 

Christian kublbeck, 2001). It was shown that edge 

orientation is a powerful local image feature to 

model object like faces for detection purposes. The 

system yields face detection performance comparable 

to the best previous AdaBoost learning algorithm 

systems. Implemented on a conventional desktop, 

face detection proceeds at 15 frames per second.  

Face detection techniques can be generally 

classified into four categories (Vladimir Vezhnevets 

et al., 2009) template matching-based methods, 

knowledge-based methods, machine learning-based 

methods and feature-based methods. Template 

matching-based methods use the similarity between 

an input image and the template. These methods are 

easy to implement, but they are scale-dependent, 

rotation-dependent, and computationally expensive. 

Knowledge-based methods use the knowledge about 

a basic face, such as the ellipse shape and the triangle 

feature, to obtain the final region of a face. 

Knowledge-based methods can greatly reduce 

computational cost, but they are rotation-dependent. 

Machine learning-based methods use a lot of training 

samples of faces and non-faces to learn to identity 

faces. Machine learning-based methods have high 

detection rates, but their accuracy depends on the 

training samples. Most of these methods focus on 

frontal faces or faces with fixed orientations. 

Feature-based methods use low-level features 

(such as color, edge, shape, and texture) to detect 

faces. Feature-based methods are scale-independent, 

rotation-independent and fast. Skin color, which is 

scale-independent and rotation independent, can 

greatly reduce computational cost of face detection. 

However, skin-color methods do not robustly detect 

skin regions in the presence of skin-color like 

backgrounds and varying illumination. Skin regions 

are obtained using skin-color detection, and then 

classifiers (AdaBoost algorithm) based on Haar-like 

features (local features) and/or Gabor features 

(global features) are used to detect faces from skin 

regions. The features are mainly based on the method 

that is mainly based on skin color and facial features. 

Lighting compensation, image resizing, the YCbCr 

skin-color model, morphological processing, and fast 

4-connected component labeling are used to obtain 

skin regions in the first stage. In the second stage, a 

face template is used to detect face candidates from 

the skin regions. Since non-face regions may be 

included in the obtained face candidates, such as 

necks and arms, a suitable face box is used to remove 

the non-face regions from the face candidates. In the 

third stage, a facial feature measure is used to detect 

faces from face candidates. In the facial feature 

measure, the luminance variation and the histogram 

bin-based skin distribution are used to identify face 

candidates as either faces or non-faces. 

 Face detection is a well-known pattern 

recognition problem (Aouatif Amine et al., 2003). 

Such task is the first fundamental step for many 

applications such as face recognition and 3D face 

reconstruction. Although many approaches have 

been proposed over the last few years, it still remains 

a very challenging problem today due to significant 

face appearance variations, such as pose (front, non-

front), occlusion, image orientation, lighting 

conditions and facial expression. The first algorithm 

consists of a template matching method based on the 

SVM(Support Vector Machine) technique where the 

template is the average of the face support vectors. A 

correlation between the determined template and the 

candidate skin regions is calculated to indicate the 

presence of the face(s). The second face detection 

algorithm is constructed based on a multi-layer 

Neural Network with back-propagation. Visual 

detection of objects, such as faces, has received 

significant attentions in the computer vision 

community (Chao Wang et al., 2001). A neural 

network system was proposed to detect faces of 

different sizes and rotations at each image position 

(Rowley et al., 1998). 

The skin pixel detection is performed with a 

simple color map, using the YCbCr color space 

(Emiliano Acosta et al., 2002).  Skin color has 

proven to be a useful and robust cue for face 

detection, localization and tracking (Thomas 

B.Moeslund and Kamal Nasrollahi, 2011). Image 

content filtering, content aware video compression 

and image color balancing applications can also 

benefit from automatic detection of skin in images. 
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Pixel-based skin detection methods, classify each 

pixel as skin or non-skin individually, independently 

from its neighbour. In contrast, region-based 

methods try to take the spatial arrangement of skin 

pixels into account during the detection stage to 

enhance the performance.  

Many face tracking algorithms take advantage of 

fast color segmentation of the skin to build a fast face 

tracking algorithm. However, the majority of these 

techniques deal with only one class of skin. In the 

proposed method, tracking the human faces is done 

with the help of skin tone algorithm. 

Recently, in the color-based approach to face 

detection, prior formulation of the proposed RGB-

Gray skin model is done. Three commonly known 

color spaces– RGB, Binary and Gray are used to 

construct the proposed hybrid model. Bounding 

planes or rules for each skin color subspace are 

constructed from their respective skin color 

distributions. In the first step of the detection stage, 

these bounding rules are used to segment the skin 

regions of input test videos. After that, a combination 

of morphological operations is applied to the 

extracted skin regions to eliminate possible non-face 

skin regions. Finally, the last step labels all the face 

regions in the image and returns them as detected 

faces. There is no preprocessing step as it is intended 

that the input images are thoroughly tested under 

different image conditions such as illumination 

variation and quality of image. 

 

Methodology: 

Face detection based on segmentation and the 

proposed face detection algorithm  are shown in 

Fig.1(a) and 1(b) respectively. 
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Fig. 1: (a )Block diagram of the existing method  (b)Block diagram of the proposed method 

 

The three steps of the proposed algorithm are given below: 

 conversion to lab format image 

 conversion to gray image  

 conversion to the binary image 

 

Skin Colour Based Face Detection In Rgb Colour 

Space: 

The simplest algorithm for detecting skin pixels 

is to use skin color algorithm. The perceived human 

color varies as a function of the relative direction to 

the illumination. The pixels for skin region can be 

detected using a normalized color histogram, and can 

be further normalized for changes in intensity on 

dividing by luminance. The  [R, G, B] vector is 

converted into an [r, g] vector of normalized color 

which provides a fast means of skin detection. This 

gives the skin color region which localizes face. Face 

detection is performed depending on the skin tone. 

The algorithm fails when there are some more skin 

regions like legs, arms, etc. 

 

Skin Colour Based Face Detection In Gray Colour 

Space: 

Color statistics gathered from gray color space is 

used to locate the skin regions. Furthermore, it has 

been shown that skin color model based on the 

threshold values can provide good coverage of 

different human races. The threshold values can be 

chosen and a pixel is classified to have skin tone if 
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the threshold values fall within the thresholds. The 

skin color distribution gives the face portion in the 

color image. The algorithm is also having the 

constraint that the image should be having only face 

as the skin region.  

Skin Colour Based Face Detection In Binary Space: 

Color prediction in binary space is performed to 

separate skin regions from background. Skin color 

classification in binary space partitioning is the same 

as gray color space but here the threshold values are 

more responsible. Similar to the above, threshold 

values of gray color space and the threshold values 

for binary space should be chosen, and a pixel is 

classified to have skin tone if the values fall within 

the threshold and this distribution gives the localized 

face image. 

By combining the detected regions from all the 

three algorithms explained above, skin region is 

extracted. Thus, the three algorithms are combined 

assuming that their combination gives the skin region 

from the image. From the skin detected image, face 

is extracted by first extracting facial features and 

then drawing a bounding box around the face region 

with the help of facial features. The theory can thus 

be stated as, if the skin image is detected by one or 

more algorithm(s) and for the same image other 

algorithm gives the false result, then also the face is 

extracted using the combination algorithm. This 

assumption is based on the basic idea of Venn 

diagram from Set Theory. If we state that the result 

from RGB colour space is “A”, the result from gray 

colour space is “B” and the result from binary space 

is “C” and if any of the result contains a skin image 

then the union of the three will surely be a skin 

image. This can be further explained as follows: let, 

A = {a, b, c, d}, B = {b, e} and C = {b, f}. If “a” = 

“skin image” then by the first algorithm, the result 

will be true but next two will fail. Similarly, if we 

take the case if “e” or “f” = “skin image”. But if we 

take the union of the three then D = (AUBUC) = {a, 

b, c, d, e, f} and if either of “a”, “e” or “f” is skin 

image then this algorithm can detect it. Now the case 

is that if all the three algorithms have the same result 

then this is the case if “b” = “skin image”, then also 

D will be having the element b. By this we can detect 

the skin region from a colour image. 

From the skin detected image, face is extracted 

and then a bounding box is drawn around the face 

region with the help of skin tone algorithm. The 

assumption can thus be stated as, if the skin image is 

detected by one or more steps and for the same 

image other segmentation algorithm gives the false 

result, then also the face is extracted using the 

combination algorithm. The video database has been 

converted into frames and the input color image is 

converted into lab image to avoid the light 

illumination effects and the background complexity 

of the image. Then, the image is converted into gray 

image and then to a binary image using thresholding. 

Then, a bounding box is drawn around the face 

region which refers to the binary values of peak 

white level. Finally the three steps are combined 

assuming that their combination gives the skin region 

from the image. 

 

2.1 Tracking The Human Faces From Videos: 

To track face(s) in a given video sequence, the 

detection step described above is performed over one 

frame. The detected positions and the bounding 

boxes around face components serve as markers for 

locating face(s) in the next frame. To project into the 

next frame, the dimensions of the bounding box are 

increased, both horizontally and vertically, by 10% 

of BB1 and BB2. Within this new bounding box 

region in the next frame, skin color analysis is done 

and a new bounding box for the skin colored region 

is computed. The newly computed bounding box 

dimensions serve as BB1 and BB2 for the next 

frame. In a scene, if the face is very near to the 

camera even a small amount of face movement 

causes a lot of motion from one frame to another. 

Whereas, if the face is far from the camera, even 

considerable movement which may not result in 

significant motion between adjacent frames.  

The adaptive increase in the bounding box 

dimensions while projecting into the next frame, 

depending on BB1 and BB2 values of the present 

frame, compensates for this differing amount of 

motion between frames when the face(s) in the scene 

are away or near to the camera. In order to locate 

face(s) in a video, the computationally expensive 

detection step need not be performed for every 

frame. Instead skin analysis and that too in localized 

regions is done to track faces. This reduces a lot of 

computational overhead and at the same time gives a 

robust tracking performance. This marker projection 

is repeated over several frames, N. Periodically the 

detection step is also performed so that the system 

does not miss new face(s) that may enter the scene. 

These steps of periodically detecting face(s) after 

fixed frame intervals followed by marker projection 

for the next several frames together track face(s) 

through a video sequence. The disadvantage of this 

tracking method is that, if a person enters and leaves 

a scene within this N number of frames, he/she is not 

detected/tracked. 

 

Results: 

Results show that RGB color space is not very 

much friendly with face detection based on skin 

color classification. The false detection rate and 

dismissal rate are very high, thus causing very low 

accuracy in detecting the face. The colored part 

shows the skin color detection in an image. This 

represents the image as a web and the colored part is 

represented as skin region. In RGB color space, it is 

found that it represents some non-skin region also as 

the skin region and hence false detection rate is quite 

high. Similar tests have been performed on the gray 

color space as on RGB. The accuracy is far better 
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than results from RGB color space. The false 

detection rate is high and dismissal rate is low, thus 

causing a bit low accuracy in detecting the face. 

Image representation in web form for gray color 

space is shown; it is found here that skin color region 

is more effectively extracted. This is because of the 

threshold values which have some distinct color 

range for skin region. Thus the accuracy of this 

algorithm is quite good. Experiments show that 

binary space is also good in classifying the skin color 

region. The accuracy is nearly equivalent to results 

from gray color space. Similar to gray, in this color 

space also false detection rate is high and dismissal 

rate is low. It is found that skin color region is more 

effectively extracted as in gray color space because 

threshold values which have some distinct color 

range for skin region.  

To show the efficiency of the proposed system 

in real-world situations, the system has been tested 

using different video  databases. People in these 

videos have been asked to move freely in front of the 

camera and look in different directions. The second 

database is a publicly available database containing 

10 low resolution video sequences of 10 test-

subjects. People in this database are sitting on a 

movable chair in front of a camera and change their 

head-pose, facial expressions, and distance to 

camera. The average length of the videos of this 

database is around 14 seconds. The experiments have 

been carried out on these video sequences.  The 

subsequent results are shown in Fig. 2 to 9.

 

 
 

Fig. 2: First nine frames from the video sequence 

 

 
Fig. 3: Frame sequences from 144 to 153 

 

      
(a)           (b)                        (c)                  (d) 

Fig. 4: (a) Original color input frame from the video (b) lab format frame (c) Gray level video frame (d) Binary 

image of the video sequence 

 

 

 

 

   

 

 

Fig. 5: Detected and tracked face and from the video sequence from the database I 

 

        
(a)           (b)                        (c)                          (d) 

Fig. 6: (a) Original color input frame from the video (b) lab format frame (c) Gray level video frame (d) Binary 

image of the video sequence 
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Fig. 7: Face detected and tracked from the video sequence from video database II 

          
(a) (b)                       (c)          (d) 

Fig. 8:  (a) Original color input frame from the video (b) lab format frame (c) Gray level video frame (d) Binary 

image of the video sequence 

 

 
 

Fig. 9:  Face detected and tracked from the video sequence from the video database III 

 

Comparison of Detection Rate For Different Databases: 

 
Table I: and Fig.10 shows the comparison of the various parameters for the various databases. 

Parameters Video Database I Video Database II Video Database III Real time captured video 

Duration of the Videos 
(Seconds) 

19 11 22 18 

Frames 378 228 448  344 

Frames /sec 19 20 20 19 

Frames Detected Successfully 376 198 426 310 

Detection Rate(%) 99.47 86.84 95.08 90.1 

                                                      

 

 

 

 

 

 

 

 

 

Fig. 10: Detection rate for different databases 

 
 Table II: and Fig.11 shows the  Detection rate (%) for existing and proposed methods 

Video Databases Existing Method Proposed Method 

Database I 84.54 99.47 

Database II 79.85 86.84 

Database III 88.61 95.08 

Real time Captured Video 82.35 90.1 
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Fig. 11:  Comparison of the Detection Rate for existing and proposed method 

 

Conclusion: 

Even though there are many modern face 

detection software today, a robust skin color model 

has been presented, to detect and track human faces. 

The skin region segmentation has been performed 

using combination of RGB, Gray and  Binary 

subspaces, which discriminates between skin and 

non-skin regions. The algorithm has been tested with 

three different video databases and also using a real 

time video database and the system performs well. 

Using the skin tone algorithm the face is detected 

from the video. The skin tone algorithm performs 

effectively well when compared to the segmentation 

algorithm. The comparisons are made in terms of the 

detection rate and better results are achieved. The 

system can be extended to perform face recognition 

in a face recognition system. 
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