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Abstract— This paper deals with detection of face region from a given image using HSV model. The proposed model works 
with an equal efficiency even if the input image has multiple faces. The algorithm is independent of any resolution when 
compared to algorithms like Haar based feature extraction which deals with smaller resolution images. The morphological 
operations play a vital role in reducing the Region of Interest (ROI) and smoothening the image. The Histogram bin 
approach further reduces the number of contours by eliminating the contours which do not have much intensity variation, 
thereby leaving only the face part and in some situations other non-facial contours, to confirm the presence and detection of 
face, we go for eye detection by minimal distance maximum variation method.  
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I. INTRODUCTION  
 
Face Detection is an important step in face 
recognition which is used in wide range of 
applications like identity, surveillance, access control 
etc. The present paper detects a face from a given 
image based on skin color  detection. The purpose of 
face detection is to locate the face in an image and to 
extract that face. In general, the face detection suffers 
several problems like illumination, pose and 
rientation. In the previous papers, they used the 
algorithms based on Principal Component Analysis  
(PCA), geometric analysis, neural network, Linear 
Discriminator analysis, Skin color and Wavelet to 
rectify those problems which occur during face 
detection [5]. But the computation increases to a very 
large scale if haar-adaboost algorithm is being used 
and also which works for lower dimension. 
 

 
 Figure 1: (a) shows the original image, (b) shows the 
output of HSCbCr color space, (c) shows the output 
of HSV color space The above figure shows that the 
skin region is effectively visible in HSV color space 
than HSCbCr [3] thus indicating the better 
performance of the later.  The performance of HSV 
color space model is better than the performance of  

 
HSCbCr [3] because the skin region is detected more 
effectively. 
 
II. ACQUIRING THE IMAGE FROM THE 

DIGITAL CAMERA  
 
The Digital camera is used to capture the image. The 
resolution of the image can be of any dimensions and 
the input image is converted to RGB color space in 
case if it is in any other color space for further 
processing.  
 
III. SKIN DETECTION PROCESS USING 

HSV MODEL  
 
The input image is converted to HSV color Model to 
extract the values of Hue, Saturation and Value. The 
threshold values for H, S and V are set in such a way 
that, the respective values which adhere to the 
threshold boundary values correspond to the Skin part 
in the image. The threshold values are selected after 
working on the results of a large number of samples. 
The pixels of the entire image, which are bound to 
these threshold conditions are converted to logical 
one s and all the other pixels are made to logical 
zero s which results in a binary Image. In the binary 
image all the logical one s correspond to the skin 
and other objects (background, t-shirt, etc.) which 
have same color, hue and saturation as that of the 
skin. The result of this process gives various contours 
indicating different skin regions in the image.  
 
IV. MORPHOLOGICAL PROCESSING  
 
Because of the variation in the illumination at 
different parts of the image, sometimes particular 
region of the skin goes beyond the threshold value 
and are lost. So, to overcome this problem, 
Morphological Operations like Dilation and Erosion 
[6] are performed. Morphology is a broad set of 
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operations that process images based on shapes and 
sizes. Erosion and Dilation [6] are used to smoothen 
the images without changing their respective area and 
they help in improving the efficiency. Addition or 
removal of pixels depend upon the adjacent pixel 
values. The structuring element can be varied 
depending on the KNN for better morphological 
operation. The operation which is being performed in 
Morphological Processing includes the elimination of 
small contours (connected regions) that occurs due to 
illumination variance on the binary image. The non-
connected regions inside the contour are filled. So, 
the result of the Morphological Processing is a 
smooth connected region. The connected regions give 
the region of interest (ROI) present in various parts of 
the binary image. Each pixel of a connected region is 
labeled with a number and this number is the same 
for all the pixels in a connected region. For all 
connected regions in a binary image the same 
procedure is followed and the resulting image is 
called as labeled image. The numbers are assigned 
depending upon the total number of connected 
regions. Hence the number in the labeled image gives 
the total number of connected regions. Some of these 
connected regions may have the face and the other 
may have the skin part or its resemblance. In some 
cases, the two contours may be connected at point P 
as shown in Figure 2(a).To avoid these situations, a 
structuring element is defined in a way that if „x  
pixels above and „x  pixels below a dark pixel is 
detected, then center pixel is made dark. This 
enhances the efficiency of the later processing. 
 

[A] 

[b] 
Figure 2: (a) shows the binary image having 
connected contours of three different people, (b) 
Shows the separated contours of three different 
people on application of morphological process.  

V. HISTOGRAM BIN CONCEPT  
 
Histogram [1] calculates the variation in the intensity 
levels of a particular image. The motive behind using 
histogram bin concept procedure is to separate the 
face part from the other skin part or its resemblance. 
The face region consists of maximum variation in 
intensity due to the presence of features like eyes, 
ears, nose, eyebrows etc. Hence on applying the 
histogram for all the connected regions, we can 
possibly find only the face.  To educe the Region of 
Interest (ROI) (connected regions), Histogram Bin 
Concept is chosen which eliminates all the Non-
Facial connected regions. The Histogram method 
usually starts with defining an ellipse. A particular 
contour is chosen and the centroid of the respective 
contour is found out. Now, with the help of the 
centroid, we traverse along the horizontal direction to 
find out the first black pixel in both the directions and 
define this distance between these two pixels as „a . 
Now, with the major axis of the ellipse as „a/2  and 
the minor axis of the ellipse as „1.55*(a/2) , an 
ellipsoid region is considered with centroid being the 
center for the ellipse. The region under the ellipse is 
converted to gray level over which the histogram 
equalization is applied. The histogram equalization is 
applied by creating Histogram Bins of certain suitable 
width. Each bin will have the count of number of 
pixels of its respective gray scale intensity limits. The 
percentage of each bin with the number of pixels is 
calculated and stored. On defining a suitable 
condition on these histogram bins, we either discard 
the corresponding connected region for which this 
operation is applied or we declare this as a Region of 
Interest (ROI). This process is applied to each and 
every contour in the image. 
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Figure 3 : (a) shows the original color image, (b) is 
the binary output of the HSV color space, (c) is the 
output after the application of morphological 
processing, (d) is the output after passing the binary 
image to the histogram, (e) is the image after 
mapping the binary image to the RGB color space. 
The above figure shows that the number of connected 
objects in (d) has been reduced only to two from five 
as a result of histogram bin concept to detect the face 
parts. The two connected objects have two faces thus 
emphasizing the importance of histogram 
equalization in detecting the faces.  To even further 
reduce the Region of Interest (ROI) and to detect the 
eye in particular once again the morphological 
process is applied on the modified connected regions 
in a binary image obtained from the histogram. The 
structuring element is now redefined such that it is 
made to traverse through a suitable number of pixels 
above and below the center of the structuring element 
and if it finds any of the pixel in between the course 
of travel to be white in above and below of that pixel, 
the center pixel is replaced with the logical one. 

 

 
Figure 4: (a) shows the original image, (b) shows the 
output from the histogram, (c) shows the image after 
applying the morphological process, wherein the 
structuring element is made to transverse such that 
the eye comes into the connected region  
 
VI. EYE DETECTION  
 
Thus with the result of the above two processes, the 
face part is most likely to be detected along with a 
minimum possibility of detection of other non-facial 
parts. Hence to rule out the possibility of detecting 
other non-facial parts, we detect the presence of eyes 
in each connected region (Labeled image) which are 
accepted by the histogram. The process followed for 
eye recognition is based on a concept (Minimal 
distance maximum variation) that the dark part of the 
eye, the pupil and the bright part of the eye are 
separated by a very minimal distance.  
 
VII. PROCESS  
 
All the connected regions which still exist are 
mapped to the original RGB image and the rest of the 
binary image which is black is retained as it is. The 
bright and dark pixels of the face having sum of RGB 
intensities which follow the threshold  300< R+G+B 
<600, for bright regions and 30< R+G+B <100, for 
dark regions are obtained and their co-ordinates are 
noted.  The distance between the bright and dark 
regions of the face is set a threshold such that the 
regions that change intensity values drastically over a 
small distance are only taken into consideration. For 
all the regions obeying the threshold distance 
regulation, the dark pixel for that corresponding 
bright-dark regions, is noted.  Once the co-ordinates 
of the dark pixels are known, each pixel which are 
first level and second level adjacent to the dark pixel 
is compared with the neighborhood pixels in the same 
level. The comparison is done in a way that, if 
maximum number of adjacent pixels is within a very 
small intensity variation, that corresponding dark 
pixel is noted. The same is done for all the dark 
regions that obey the threshold distance. 
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Figure 5: the first, second and third level adjacent 
pixels to the dark pixel (x, y) at the center is 
illustrated. All the dark pixels that satisfy the criterion 
for very small intensity variation in the first and 
second level adjacent pixels are then subjected to 
intensity variation in the third level after which, if the 
corresponding dark pixels surpasses it, then one can 
conclude that the particular dark pixels corresponds 
to an eye and the respective co-ordinates are noted.  
To separate the co-ordinates belonging to two 
different eyes, the pixel co-ordinates of the obtained 
dark pixels after they surpass the third level pixel 
intensity variation are subtracted. When the 
difference obeys a threshold, we identify those 
corresponding co-ordinates to be of two different 
eyes.  
 
VIII. EXPERIMENTAL RESULTS  
 
The above mentioned algorithm has been 
implemented on various images and the results 
obtained on one particular image is as follows: 

 

 

 

 
Figure 6: (a) shows the original image of the girl. (b) 
shows the HSV color space image. (c) is the binary 
image obtained from the HSV color space model. (d) 
is the result obtained after the morphological 
processing. (e) is the result obtained after histogram 
bin processing. (f) is the mapped color image of only 
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face. (g) shows the detected face after detection of 
eye. Due to the perfect morphological operation on 
the image, the background is completely eliminated 
and hence due to the presence of only one connected 
image, the histogram output retains the same as that 
of the binary image obtained from the histogram. 
Once the eye is detected, the face region of the image 
is highlighted and in case of absence of the eye, the 
face is not detected. 
 
CONCLUSIONS  
 
The eye detection part can be performed on the image 
directly but it suffers not only from the computational 
costs, but also, if there is a maximum variation of 
intensities in the background that particular region 
may be detected as an eye. Hence the background is 
completely eliminated and then the eye detection is 
done to save time and computation. Each connected 
region is separately fed to the eye detection algorithm 
and hence it can be applied to image having multiple 
faces.  
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