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RFACE





RNON-FACE





R(i)





An approximate reconstruction of R(i) can be computed reprojecting the horizontal (hip) and vertical (vip) projections, PHR(i) and PVR(i). Let us suppose i(x,y) is normalized to values in [0,1], then the reprojection is:


î(x,y) := PHR(i)(x)·PVR(i)(y),


((x,y) ( R(i).
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MH,EYES and VH,EYES





The algorithm is based on an assignment h(i) of points in Domain(S) with the corresponding points in Domain(M). This assignment is computed as the most simi-lar point to S(i) around a local proximity in M(i). The similarity is a combination of position and slope likeness.


The final result is an aligned signal S'. The distance of S' to the model (M, V) is defined as,


� INCRUSTAR Equation.3  ���
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Integral Projection Models





Distances of aligned PHR2 to H,MOUTH





Distances of aligned PHR1 to H,EYES





Sample Face and Non-face Regions


The distances of aligned PVR to (MV,FACE, VV,FACE) are shown below.
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Experimental Results





Alignment of Projection Patterns





PVR  - Vertical project. of R(i)





This face model has been computed using a reduced set of 45 faces, not used in the test set.





Face Integral Projection Model





MH,MOUTH and VH,MOUTH





MOUTH CORNERS





LEFT EYE





RIGHT EYE





Unaligned Projections





Reprojection using


2 vip and 4 hip





Reprojection using


1 vip and 1 hip





Reprojection using


1 vip and 2 hip





Reprojections





Projections and Reprojections





Reprojection of the Face Model





MV,FACE and VV,FACE





i





BROWS





The Face Integral Projection Model consists of the following 1-D signals:


MV,FACE, VV,FACE: {1, ..., fmax}(R. Mean and variance of the vertical projections of the whole face region, resp.


MH,EYES, VH,EYES: {1, ..., emax}(R. Mean and variance of the horizontal proj. of the upper part of the face, resp.


MH,MOUTH, VH,MOUTH: {1, ..., mmax}(R. Mean and variance of the horizontal proj. of the lower part of the face.





i





Color seg-mentation





Regions to be projected are obtained using color segmen-tation. The selected candida-te R(i) is intensity equalized. The principal direction of R(i) is taken as the vertical axis. R1(i) is the upper half of R(i) and R2(i) the lower half.
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Transformation Function





Projections after Alignment
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PHR2 - Horizontal proj. of R2(i)





Face Detector ROC Curve





RNON-FACE





We use the following family of parameterized transformation functions,


� INCRUSTAR Equation.3  ���


defined by,


� INCRUSTAR Equation.3  ���
































Geometrical interpretation of the parameters. (a, e) are translation parameters in value and domain, respectively; (c, d) are scale parameters, and b is a skew parameter that accounts for a non-uniform illumination of the object.











Integral Projections





PHR1 - Horizontal proj. of R1(i)





ta,b,c,d,e(S)(i)





Distances of aligned PVR patterns


to the V,FACE part of the model





The test set consists of 325 face (RFACE) and 292 non-face (RNON-FACE) regions segmented from 310 color images, using color segmentation. These images were captured from 12 different TV channels. Face detection is done according to the distance from the model to the aligned projections (PVR, PHR1, PHR2) of each region R.
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Algorithm for Alignment of Projections
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Input



S: Signal pattern to be aligned



M, V: Signal model, i.e. mean and variance, respectively


Output



S': Optimum alignment of signal S to model (M, V)


1. Transformation initialization. Set up initial values for (a, b, c, d, e), e.g., locating two clearly distinguishable points in S. Obtain S'.


2. Repeat until convergence is reached or after MAX_ITER iterations:


2.1. Pattern domain alignment.


2.1.1. Assign each point i of S', in Domain(S')(Domain(M), to a point h(i) of M, in Domain(M), with reliability degree w(i).


2.1.2. Estimate parameters (d, e), as the linear regression parameters of the set (i, h(i)) taking into account the weights w(i), for i in Domain(S’)(Domain(M).


2.1.3. Transform S' in domain, to obtain S'd. That is, setting (a, b, c) = (0,0,1), make S'd(i):= S'(d·i + e)

2.2. Pattern value alignment.


2.2.1. Estimate value transformation parameters (a, b, c) as the values minimizing ((a + b·i + c·S'd(i) – M(i))2/V(i)

2.2.2. Transform pattern S'd to obtain the new S', using:



S'(i):= a + b·i + c·S'd(i); ( i ( Domain (S') = Domain (S'd)
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