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ABSTRACT Automatic face detection has been intensively studied for human-related recognition systems. To build fully automated systems that analyze the information contained in face images, robust and efficient face detection algorithms are required. In this paper, a new face detection algorithm is proposed. This speedy and robust solution developed, on the one hand is based on the segmentation of the color image to skin regions using a new approach to detect the pixels of the skin and the water shed segmentation method. On the other hand, using Gabor filters, combined with a proposed model of face, skin regions are classified into two classes: face and non-face. The integration of these tools in our algorithm permits to develop a face detector with very reasonable and efficient performances. Experimental results show that the method mentioned in this paper can achieve high detection rates and low false positives. To evaluate the detection speed of proposed algorithm, a comparison with a recent known algorithm is made too.



Keywords Human face detection, Skin detection, Watershed technique, Gabor filters.



1. INTRODUCTION Face detection, a particular case of pattern recognition is a very important research topic in the field of image processing: It’s a crucial step that comes before face recognition. It is pinpoints the location of every human face in a digital image or a video clip. The quality of a face detection algorithm has a direct impact on the reliability and robustness of vision systems such as: video control based on biometric technology, humancomputer interaction, indexing images, video telephony, etc.. Despite the advancement of research in this area, robust face detection is an open-ended difficult problem at present because of the great variability of conditions of image acquisition, including the pose, orientation and size of the face in the image, the presence or absence of structural components, occlusions by other objects, facial expressions and illumination conditions. To minimize or even eliminate these effects which degrade the performance of a face detection system, many techniques have been developed. Most of these approaches can be categorized into four main categories [1]. Among these, the class of methods based on invariant characteristics such as skin color, whose analysis turns out to



be a good basic tool for multiple systems of face detection [26]. The algorithm proposed is in this category, because primarily uses a skin detector that covers the entire image. This choice is justified by the robustness of the color of the skin relative to geometric variations of the face model [7]. On the other hand its use as segmentation information improves the speed detection by reducing the search space of the face region in the image in comparison with other detection systems that run the image exhaustively, in all positions and for all possible sizes [8, 9]. This superiority in terms of speed is demonstrated in the experiments section. The common point between face detection systems that use skin color approach is the use of a skin detector. The construction thereof is made by a suitable color space and a definition of the distribution skin color model. Several popular color spaces have been proposed in the literature. The RGB system is widely used because of its simplicity and the good results it produces [10-12]. Many researchers also recommend the normalized RGB system [13, 14]. The HSV color space is used frequently too in some works [6, 15]. Finally, note that other papers [2, 5, 16-18] argue that the YCbCr color space provides good detection of skin pixels. To model the distribution of color of the skin, several models have been proposed [19]. Including:  Skin parametric model which adjusts the parameters of the distribution using some specific functions such as the Gaussian [20], a Gaussian mixture or an elliptical model [2, 18].  Nonparametric skin model which estimates the distribution of skin colors in the training data without any assumption about the distribution, such as Bayesian model based on histograms [10].  The skin fixed thresholds model that explicitly defines, following a number of rules, bounds of skin areas in the color space [3,5,6,12-14].



2. PROPOSED APPROACH The face detection algorithm proposed is shown in Figure 1. It contains two main modules: (i) The segmentation of the color image to retrieve connected and significant regions representing objects of interest, consisting of skin pixels, allowing us to locate candidates face.
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International Journal of Computer Applications (0975 – 8887) Volume 94 – No 6, May 2014 (ii) The classification of skin regions into two classes: face or non-face. The segmentation module (i) is done in four steps:



In addition to this quality, the skin model should bring up the facial characteristic features: the eyes and the mouth, because the model used for the discrimination of face and non-face is based on the characteristic features detection.



Step 1 Classify the pixels of the color image into two classes (skin / non-skin) using a skin detector, the result is a binary image.



To achieve a model of skin color space suitable for detection system proposed, comparative tests were carried out first on four existing skin models using different color spaces.



Step 2 Segmenting the binary image, the result of the previous step, in connected and consistent regions using the well known segmentation technique: the line of the watershed.



To evaluate the performance (TP and FP) of these models, they were tested on a 200 color images: 100 images based Caltech_10K_WebFaces (http://www.vision.caltech.edu/Image_Datasets/Caltech_10K _WebFaces/) and 100 captured images from the web.



Step 3 Elimination of non-significant regions. Step 4 Location of significant skin areas. The second module (ii) determines whether a face is present or not in each region of skin, localized or not, for submission to a cascade of Gabor filters and verification of correspondence with the face model suggested in this approach.



Skin detector



Skin connected regions segmentation by watershed



3.1.1. RGB model In RGB space, the model proposed by [12] is tested. This shows that the color level of the skin pixels must satisfy the following rules (R: red, G: green, B: blue): R>95 and G>40 and B>20



(1.1)



max R,G,B - min R,G,B >15



(1.2)



R-G >15



(1.3)



R>G and R>B



(1.4)



3.1.2. Normalized RGB model For the normalized RGB space, the model proposed by [13] is tested. The latter defines the skin model with the following bounds for the color levels: 0.36 ≤ r ≤ 0.465 and 0.28 ≤ g ≤ 0.363



Skin regions location



(2)



With:



r=



R R+G+B



and



g=



G R+G+B



(3)



3.1.3. HSV model (Hue Saturation Value) Gabor filters Cascade and Face model Face/no-face decision



Fig 1: Block diagram of the proposed face detection approach



3. SKIN DETECTOR The skin detector is a classifier which defines a binary space decision in the color space representation. Thus each pixel is classified as a skin pixel or not a skin pixel.



3.1 Skin model The choice of a skin color model for a suitable color segmentation is always complex. In face detection, the detection of skin is just a preliminary step and should be fast while having the best performance in terms of true positive rate (TP: the probability that a pixel belongs to the skin class and is assigned to the skin class) and false positive rate (FP: the probability that a pixel does not belongs to the skin class and is assigned to the skin class). For this reason, the choice was focused on the skin model with fixed thresholds which produces a very fast classification due to the simplicity of the decision rules used to discriminate the pixels of skin from those of non-skin.



For the HSV space, the model proposed by [6] is tested. The latter defines the color level value ranges in the skin area as follows (H: The hue, S: the saturation, V: the brightness): 0 ≤ H≤ 50 , O.2 ≤ S ≤ 0.68 and 0.35 ≤ V ≤ 1



(4)



3.1.4. YCbCr model In the same way, for the YCbCr space, the test is done with the proposed model in [5] which establishes the following rules for a skin color levels (Cb, Cr: two chroma components from R, G and B levels): 𝟗𝟕. 𝟓 ≤ 𝑪𝒃 ≤ 𝟏𝟒𝟐. 𝟓 𝒂𝒏𝒅 𝟏𝟑𝟒 ≤ 𝑪𝒓 ≤ 𝟏𝟕𝟔



(5)



In Figure 2, some examples of the results of skin detection with the four previous models are showed.



3.1.5. Discussion A synthesis of these results shows that the first model [12] using the RGB space ensures the best rate of TP but its weakness lies in the rate of FP. The latter is due to the false detection of the red or yellow pixels having colors close to skin one. However, this problem disappears in the normalized RGB space model [13].



3.1.6. Proposed skin model Using both RGB and normalized RGB models, facial characteristic features can be detect. In order to combine the advantages of these two models, built the induction graph has been built (see figure 2) which can be rewritten as the following production rules:
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can be seen as a relief by associating the gray level of each pixel at an altitude. It is then possible to define the line of the watershed as the ridge forming the boundary between two watersheds.



Then If (Pixel satisfies the condition C2) Then



However, the algorithm derived from the LWS method must process a grayscale image while we have a binary image (skin, not skin)!



skin class



Else not skin class



The Euclidean distance transform solves this problem by generating a grayscale image from a binary image.



Else not skin class With:



Condition C1 R>95 and G>40 and B>20



(6.1)



max R,G,B - min R,G,B >15



(6.2)



R-G >15



(6.3)



R>G and R>B



(6.4)



Sometimes called distance function, it allows an estimation of the distance between a given pixel and the nearest pixel of the image. Many image processing algorithms rely on this transform to accelerate calculations such as morphological operators and skeleton detectors.



Condition C2 0.36≤



R R+G+B



≤0.465



et 0.28≤



G R+G+B



≤0.363



(7)



Pixel satisfies C1 No



No skin



(a)



(b)



(c)



(d)



(e)



(f)



Yes Pixel satisfies C2 Yes Skin



No No skin



Fig 2: The inducing graph of the proposed skin model This skin model allowed us to obtain very satisfying results in terms of TP and FP rates. Figure 3-f shows an example of detection using our algorithm.



4. SEGMENTATION OF THE BINARY IMAGE INTO CONNECTED AND SIGNIFICANT SKIN REGIONS The previous step has allowed us to locate skin pixels. The recognition of skin areas must now proceed. To this end, a segmentation is performed to extracts meaningful and coherent regions representing objects of interest and composed of skin pixels.



Fig 3: The skin detector: (a) original color image, (b) detecting based on RGB (c) detection based on standard RGB (d) detection based on YCbCr (e) detection based on HSV, (f) detection with proposed approach.



4.1. The line watershed technique



4.2. The segmentation



As a method of image segmentation, the line watershed technique is used, which finds its origin in mathematical morphology. One finds in the literature two main classes implementing the LWS, from which derive several versions: one based on the use of geodesic distance functions and the other on an immersion recursive algorithm [21]. In this approach, the second class is opted because of its relevance and simplicity. Indeed, in this algorithm, an image



Once the segmentation by LWS, applied to the distance transformed image, is completed, all skin areas are masked to determine the most significant minimum size regions: Width ≥15 and Height ≥15



(8)



Thus, the proposed algorithm does not detect a face smaller than 15x15 size, the other areas constitute potential faces. Figure 4 illustrates the segmentation steps mentioned previously.
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International Journal of Computer Applications (0975 – 8887) Volume 94 – No 6, May 2014 amplitudes of Gu,v x, y for 40 Gabor filters bank that have been built with the following parameters: k = 2 , fmax = 0.25 , u=0,1,…,4 and v=0,1,…,7



(a)



(b)



(c )



(d)



(e)



(f)



(11)



The use of a Gabor filter bank is used to extract from the image relevant spatial and spectral information, thus providing a powerful tool for face recognition systems. The algorithms presented in this case in [22,23] use the Gabor filters bank for extracting facial features in order to discriminate between faces of different people. The proposed algorithm, when with him, uses the filters bank to discriminate face objects of those non-face ones in the image.



(a)



Fig 4: The results of the segmentation module steps: (a) original color image, (b) binary image of skin and nonskin pixels, (c) distance transformed image (d) segmented image by the LWS; (e) masked skin areas (f) image after removal of non-significant skin areas and location of significant skin regions.



5. DETECTION AND LOCALIZATION OF THE FACE In this unit each of the localized areas of skin in the previous module is submitted to a cascade of four Gabor filters. At this point, the algorithm (see below) determines whether the treated skin area is a face or not as the result of similarity with suggested face model described below.



5.1 Gabor Filters The 2-D Gabor filter (also called Gabor wavelets) is a Gaussian kernel modulated by a complex plane wave and parameterized with (u,v). The expression of the filter in the image’s spatial domain (x, y) is defined by: 2



Gu,v x,y



e



j2πfux'



fu =fmax /2



u ( ) 2



y' =-x sin θv +ycos θv



and θv =vπ/8



5.2 Choice of Gabor filters Cascade In the second module of face detection system developed, the classification of skin regions localized in both face and a nonface class is done with a cascade of Gabor filters. The latter checks the presence and location of facial features, the eyes and the mouth, in a skin region. To optimize the number of filters in the cascade, a series of filtering operations is conducted with the 40 Gabor filters bank, previously built, on 80 face images. This is illustrated in Figure 6. The binarisation of the Gabor filters outputs permits us to conclude that the best filter which detects the presence and location of facial features should have an angle of orientation θv satisfying the following relationship:



θv ≃ +λ (9)



With: x' =x cos θv +y sin θv ,



Fig 5: Representation of the 40 Gabor filters bank: (a) the real parts of the filters (b) the amplitudes of the filters.



π



2



fu '2 fu '2 f2u - k2 x + ρ2 y = πkρ e



(b)



(10.1) (10.2)



Where fu and θv denote the central frequency and the orientation of the complex plane wave. The parameters k and ρ determine the ratio between the central frequency and the size of the Gaussian envelope along the x and y axes respectively. The choice of different values for these parameters builds a bank of Gabor filters. Figure 5 shows the real parts and the



2



(12)



Where λ denotes the angle of inclination of the region of skin with respect to the vertical axis passing through the gravity center of said area (Figure 7). In addition, the amplitude of this filter depends on the size of the face and the quality of the output of the skin detector. Examination of the results presented in Figures 7 and 8 affirm this conclusion. Using Figure 8, the three following actions must be made:  Computing the inclination angle λ of the mask in the region of localized skin.  Apply a rotation by an angle of -λ to the skin region.
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International Journal of Computer Applications (0975 – 8887) Volume 94 – No 6, May 2014  Subjecting the binary image, output of the skin detector, after its rotation to a cascade of four Gabor filters having the following respective amplitudes (parameterized by u): u=0; u=1;u=2; u=3 and having the same orientation θv = 90 °.



Condition 3: The two remaining holes must belong respectively to the two upper quadrants Q1 and Q2, formed by the two perpendicular axes passing through the center of gravity G of the triangle. Condition 4: The two distances D1 and D2 of the latter two holes from the first one are to be close: D1≃ D2.



5.4 Decision flowchart «face or non face»



(a)



(b)



The segmentation module allows segmenting the color picture into N connected and meaningful skin regions RPi (i=1… N). Then, for each localized and extracted region of skin RPi , the treatment described by the flowchart in Figure 10 is performed to determine whether this region contains a face or not. If this is the case, the exact area of the face will be located.



.



(c) Fig 6: Result of filtering an image by the Gabor filters bank: (a) original color image, (b) binary image of skin and non-skin pixels, (c) the output images of 40 filters.



Fig 9: Face model.



6. EXPERIMENTAL RESULTS The face detector developed is implemented under Matlab software version 7.11.0.584. The algorithm is tested with 400 color images, 200 images from the Database Caltech_10K_WebFaces and 200 images from the Web, in order to evaluate the following performances:



𝝀 =21.64°



𝜽𝒗 =67.5°



𝜽𝒗 =90°



𝜽𝒗 =112.5



𝜽𝒗 =135°



Fig 7: Filtering result of a face image, which has an inclination angle λ = +21.64 ° by filters having the same amplitude and different orientation values θv.



  



𝒖=𝟎



𝒖=𝟏



𝒖=𝟐



𝒖=𝟑



Fig 8: Result of filtering a face image with an angle of inclination λ = +21.64 ° by filters with the same value θv and different amplitude values (parameterized by u).



5.3 The face model The final step of the proposed algorithm is the classification of the localized area of skin: face or non-face. To achieve this goal, we developed a face model which assigns the output of each Gabor filter of the cascade to the face class. This model, shown in Figure 9, requires the simultaneous verification of the four following conditions: Condition 1: The binary image of the filter output must contain at least three significant holes forming a triangle (not to mention the holes that are on the borders of the mask). Condition 2: The vertical axis passing through the gravity center of the skin region mask must pass through the lowest hole among the three ones.



The rate of true acceptance (RAR: RightAcceptance Rate), which expresses the percentage of real faces detected by the system. The false acceptance rate (FAR), which expresses the percentage of non-face regions detected by the system when they should be rejected. The average duration time of the face detection.



The results of RAR and FAR rates are shown in Table 1. To evaluate the detection speed of proposed algorithm a comparison with the Viola-Jones one [8] is presented in Table 2. Finally, a set of examples of face detection in color images are presented in Figure 11. Table 1. RAR and FAR rates. number of faces per image 1 2 3 More than 4



number of images



RAR



FAR



123 102 85 90



99,18 % 98,02 % 96,86 % 95,04 %



0% 0,98 % 1,56 % 1,78 %



Table 2. Evaluation of the speed detection. number of faces per image 1 2 3



Our algorithm 2.297 s 2,342 s 2.462 s



Viola-Jones algorithm 5.048 s 4.095 s 4.703 s
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Process the inclinaison 𝜆 of the mask RPi



Rotate RPi by -λ Fixe the parameters of the first filter of the cascade: k = 2 , fmax =0.25 , u=0 and 𝐯 = 𝟒



Filter RPi Binarisation of the filter output



No C1 condition



RPi not a face



Yes No



Yes



C2 condition No



C2 and C3 conditions



Following filter: u= u+1 Yes



Yes RPi is a face



u≤3 No



filtre



RPi is not a face Fig 10: Decision flowcharts "face or not face"



Fig 11: Examples of face detection with the proposed algorithm
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7. CONCLUSION In this article, a robust solution is presented for the face detection problem, based partly on the segmentation of the color image into skin regions using a new approach to detect the pixels of the skin and the water shed segmentation method. Secondly, using Gabor filters combined with a face model, the skin regions is classified into two classes: face and non-face. All these tools are well integrated into this system to develop a face detector with very reasonable performances. Indeed, the principle of segmentation reduces the search space of faces, which decreases the detection time duration. In addition, the use of Gabor filters to create a severe model of the face, to discriminate the skin regions, has prevented us to use a classification with a supervised learning, which conducts to confusion between the face class and non-face one. The strength of our system provides an excellent FAR rate. The results obtained by the approach proposed are very encouraging, especially when the face is in profile in the image plane with any inclination angle. To extend these results to images containing faces with different profile orientations, we are currently working on developing a new face model.
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IEEE International Conference on Information and Communication Technologies (ICICT 05), August ... important area of multi-rate filter banks. ... of each of the extracted video frames are 352 X ... (low pass) and wavelet (high pass) coefficients.




















Efficient and Effective Video Copy Detection Based on ... 

Digital videos, which have become ubiquitous over ... The merit of the ordinal signature is the robust- ... butions, while the centroid-based signature computes.




















Sharp Threshold Detection Based on Sup-norm Error ... 

May 3, 2015 - E (X1(Ï„)X1(Ï„) ) denote the population covariance matrix of the covariates. ... 1 â‰¤ s â‰¤ 2m, a positive number c0 and some set S âŠ‚ R, the following condition holds wpa1 Îº(s, c0,S) = min ..... package of Friedman et al. (2010).




















Video Forgery Detection and Localization based on 3D ... 

Ã³ We propose an effective video copy-move algorithm Ã³ It extends our image ... Ã³ A real-world case. D.Cozzolino, G.Poggi, and L.Verdoliva, â€œEfficient dense-field copy-move forgery detectionâ€�, IEEE ... C. Barnes et al., â€œPatchMatch: a randomi




















Saliency Detection based on Extended Boundary Prior with Foci of ... 

K) and its mean position and mean color in. LAB color space are denoted as pi and ci respectively (both. normalized to the range [0,1]). 2.1. Graph Construction.




















Outlier Detection Based On Neighborhood Proximity 

a Bachelor of Engineering degree (First Class Honor). He has been ... cally with outlier notions based on measures of neighborhood dissimilarity. Related works ...
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