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Abstract 
Face recognition is an active research area because of the importance of its application 
areas. Face recognition as almost all image processing based systems begin with acquired 
images elementary processing. The elementary processing is to enhance and/or highlight 
features. The elementary processing phase sets up ceiling on the recognition ability since 
any lost feature cannot easily recovered in consequent steps. Also, false features add 
ambiguities to the problem and may lead to wrong conclusions. This study proposes basic 
filters oriented towards face feature extraction. The proposed filters are basic natural non-
square, BANAN, directive-symmetric filters. So, at each typical pixel point the filters 
provide four readings (North, South, East, and West).The readings measure the divergence 
from the point of study between the interior and the exterior in the specified direction. The 
filters experimental results show competitive performance compared to the Sobel and the 
Prewitt filters.  
KEYWORDS: Face Recognition; Biometric Identification; Feature extraction; Surveillance; 
still image; Image processing; Derivative filters; Face Detection. 
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"Face Recognition" is an active area in Computer Vision and Biometrics 
fields. Face recognition technologies significantly impact security, robotics, 
human-computer-interfaces, digital cameras, games, entertainment, 
authentication and image indexing applications. It is one of the most visible 
and challenging problems in computer vision and pattern recognition. Face 
detection and recognition is anonymous by nature. The digital image is not 
matched against a database of known individuals. In contrast, face detection 
and recognition is the science of facial features finding and recognizing. The 
problem has been extensively studied in the past two decades [1-12], many 
representative methods such as: Eigenface [2], Fisherface [1], 3-D based 
methods [13], and many others have been proposed. The challenges in face 
recognition include scale, illumination, pose, occlusion, clutters, orientation, 
computational complexity, and expression variations. To deal with the 
challenges in practical face recognition system, active shape model and 
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active appearance model were developed for face alignment; LBP [14] and 
its variants were used to deal with illumination changes [6] and probabilistic 
local approach [9] were proposed for face recognition with occlusion. 
Although much progress has been made, robust face recognition is still 
challenging issue. The recognition of a query face image is usually 
accomplished through two phases: image processing for feature extraction 
followed by classification process. The most popular classifier includes the 
nearest neighbor (NN) classifier due to its simplicity and efficiency. In order 
to overcome NN’s limitation that only one training sample is used to 
represent the query face image, Li and Lu proposed the nearest feature line 
(NFL) classifier [15], which uses two training samples for each class to 
represent the query face. Chien and Wu [16] proposed the nearest feature 
plane (NSP) classifier, which uses three samples to represent the test image. 
Later on, classifiers using more training samples for face representation 
were proposed, such as the local subspace classifier (LSC) [18] and the 
nearest subspace (NS) classifiers, which represent the query sample by all 
the training samples of each class. The use of the neural networks and 
Genetic algorithms in face recognition has taken much of interests from the 
researchers [19-24]. 
 In the search for facial features many methods are considered such 
as: edge detection, transformations, templates, and moments. The edge 
detection is the closest to our study however it is not the aim of the study to 
find edges but rather highlight facial features for further processing.  Edge 
detection techniques attempt to capture discontinuities in photometrical, 
geometrical and physical characteristics of the objects. An edge detector 
takes an enhanced image to produce edges with attributes like: position, 
strength, orientation, and scale. Detectors could process the image with a 
priori knowledge of the scene and about the edge to be detected or without. 
The process of edge finding includes core processing step such as: 
differential filters and labeling. The edge definition cannot be easily inferred 
from that basic processes but rather requires an extensive search to find out 
the edges properties and avoid false edges. From the edge detectors 
techniques, Marr-Hildreth, Roberts Cross, Canny method, The Local 
Threshold and Boolean Function Based, Color Edge Detection Using 
Euclidean Distance and Vector Angle, Color Edge Detection using the 
Canny Operator, and Depth Edge Detection using Multi-Flash Imaging [27-
28].   
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 The shortage of features extraction phase definitely limits the ability 
and sets a boundary on the final outcome of the system query. The first 
phase of the process, normally, is a set of filters to extract/ highlight the 
features of the face. In this study, face oriented filters are proposed. The 
proposed filters are basic natural non-square, BANAN, directive-symmetric 
filters.  At each typical pixel point the filters provides four readings (North, 
South, East, and West).The filters measures the divergence between the 
interior and the exteriors from the reference pixel in the specified direction. 
The study is confined to the proposal and performance comparison of the 
filters (operators) with the well-known one’s through applying widely used 
segmentation methods. The proposed filters provide a core data that could 
be used in the face detection and recognition process.    

The remaining of this paper organized as following: Section 2 
presents the proposed filters.  Section three is a comparative study with 
the Prewitt and Sobel filters. Multiplicity of operators is pointed out in 
section 4. Finally, the conclusion of the study is in section 5. 
2� ���������
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The proposed BANAN filters operates in the four basic directions, 
North, South, East, and West, from the pixel under study.  Figure (1) 
shows the four filters. The position of the point under computation is 
marked by the underline. The filters measure the directional difference 
between the interior and the exteriors of the region next to the point in 
the specified direction. The four filters are a rotational version of each 
other’s at right angles.  To be more specific let us assume that the point 
under computation is at coordinates ),( yx , the origin is the top-left and 
the direction of the y is the east and the direction of the x is the south 
direction then the operators for that typical pixel are governed by the 
following equations:- 
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 The filters shape matches most of the face natural cavities. The 
values given by the filter provides elementary measures to the shape of the 
surface around the pixel under the study. The four signed values of the 
filters on regional bases can assist in taking the right decisions for both face 
detection and recognition phase.  
 To make our point we will run the filters on standard faces taken 
from [25]. Figure (2) presents the results of applying the above filters on a 
face randomly selected from the former mentioned standard library  figure 
(2)-a. Figure (2)-b,c,d represent the measurements of the East positive, 
negative, and absolute consequently. It is clear from the figure that the filter 
highlighted the features in the East direction.  Figure (2)-e-f-g depicts the 
same results for the West direction. The same conclusion could be easily 
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drawn by visual inspection of the figures. It could be easily noticed that the 
filter highlighted the same main features of the East one. However there are 
slight differences could be easily noticed between the two operators.  Figure 
(3) show the results of applying the South, North operators on the same 
face. The results points to the same conclusion of the above operators. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
 

Figure (2) East-West Filters 
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Figure (3) results of North-South operators 
 
Zero-crossing [26] is one of the wildly used methods for edge detection. 

So, we will consider computation of the zero-crossing after applying the 
proposed operator. Figure (4) represents the results of zero crossing after the 
four operators. It could be easily noticed that the process marked out the 
facial features that could be easily seen as well as that could be hardly 
noticed in the original image. The zero-crossing results show that there is no 
significant differences between the opposite directions results, however they 
are not the same. 
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Figure (4) Zero Crossing in the four basic directions 
 

 Another famous method for segmentation is Otsu's method 
[26].  Otsu's method searches for the threshold that minimizes the intra-class 
variance (the variance within the class), defined as a weighted sum of 
variances of the two classes:- 

 
Weights  are the probabilities of the two classes separated by a 
threshold  and variances of these classes. 
The results of applying the applying Otsu's method on the absolute values of 
the proposed filters depicted in figure (5).  
 

 
Figure (5) Result of applying the proposed filters followed by 

Otsu's method 
The figure shows that the basic face feature pointed out by the 

process. To highlight more features of the face the threshold could be 
.Otsu'sdecreased. Figure (6) depicts a threshold of 0.5  
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Otsu's threshold(6) 0.5  Figure 
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 This section presents the results of Sobel and Prewitt filters versus 
the proposed filters using, the segmentation methods mentioned in the 
previous section, zero-crossing and Otsu’s method. 
 Figure (7)-a original standard image is taken from the library 
mentioned before. Figure (7)-b, c are Sobl-X,Y consequently. Figure (7)-d 
,e are Prewitt-X, Y. Figure (7) –F,G is the proposed North, East. From the 
figures, we can easily notice that the proposed operators highlighted more 
features compared to the other two. 
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Figure (7) Prewitt, Sobel, and Proposed filters outcomes. 

(a)  (b)  (c) 

(d) (e)  
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  Figure (8) for the same standard face Otsu’ method for 
Prewitt (a, b), Sobel (c, d), and proposed is (e,f). The results indicate the 
stability of the detection and the ability to detect more features compared to 
the others.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure (8) Otsu’s method :Prewitt, Sobel, and proposed. 

(C)  (D) 
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 Figure (9) presents the application of the Zero-Crossing: Sobel 
((x),(y)),  Prewitt ((x),(y)), and the proposed (east, west, north, south). The 
results are consistent with the previous ones. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  
  
  
  
  
  
  
  
  
  
  

Figure (9) Zero-Crossing: Prewitt, Sobel, and proposed.  
4. Multiple operators. 
In this section, we will examine the possibilities of making use of 
combinations of the proposed operators. We will limit the study to the use 
of two cases we ff −   and sn ff − which is the divergence in one direction and 
the negative of divergence of the opposite. The same two methods, Otsu’s 
method and zero-crossing, previously used are considered. Figure(10) 

Proposed: East                       West          North          South 
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summaries the results. The figure shows more sold pointing to the face 
features compared to use of single operator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (10) North-South operator’s results 
5. CONCLUSION 

 A proposed basic directional filters presented in this study. The 
proposed filters are directive and direction-symmetric. The proposed filters 
provide per pixel four measurements. The measurements are in the four 
basic directions (north, south, east, and west). The filters measure the 
divergence between the interior pixels and the exteriors from the reference 
pixel in the specified direction. The filters experimental results indicated 
that it is capable of pointing out the facial features. The study included the 
use of zero-crossing and Otsu’s method. The performance of the filters 
compared in its simplest form with the well-known Sobel and Prewitt filters. 
In the comparison Otsu’s method and the zero crossing are used. The results 
indicated that the proposed filters have the potential of sold highlighting to 
face features as well as more stability in its outcome.  The results of using 
multiple operators combined showed improve in the performance compared 
to single operator. The filters real utilization requires processing of the four 
values all together over regions in more complicated process.  We believe 
that utilizing the four values could  position the key face features accurately 
as well as answer the questions of:  is there a face or not?, and if exist, 
where? As well as where are the features of that face?. 
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