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This system focuses on face verification for identity recognition. It accepts a pair of two facial images and returns a value of 1 or 0. The systems works by comparing if the two input images match. If the images do match, then the system returns a value of 1. Otherwise, it returns a value of 0. The proposed system uses advanced correlation filters with a shape matched filter with a set of filters that describes the energy
distribution for different classes of facial expressions. The system consists of a number of filters. The system attempts to match images in three stages: 1. Select a filter which outputs the highest energy (green) 2. Extract the image regions which has the highest energy 3. Extract features which can be well described by the selected filter Correlation Filters Two non-linear filters are designed for each face. The Nonlinear
Transformation of the input face is performed using the principal components. These features are then split into several sub-regions and for each sub-region a separate non-linear filter is applied. The output of each filter is a bit-map image and the result of combining the outputs of these bit-maps is a conventional reference image. The system uses correlation filters to compare the set of reference images and the input
facial image. The mean of the normalized correlation coefficient of the input image with each reference image is used as a measure of similarity. The similarity measure is mapped to a scalar number between 0 and 1 and the similarity measure between two images is calculated as the mean of the similarity measures of each of the nonlinear filters. The system makes use of two types of filters to detect facial expressions:
The Minimum Average Correlation Energy filter (MACE) and the Minimal Peak Detection filter (MPD). These filters are chosen because they can detect the particular facial region that is associated with the facial expression. The goal of a biometric face recognition system is to distinguish between a person’s identity and another person. A correlation filter approach has been proposed that detects facial expression from
a single facial image. The system comprises two stages: (1) selection of the filter whose output image shows most energy, and (2) detection of the expression regions within the filter output. The system was tested on a database of 32 images, each depicting an individual’s face with a neutral, happy, sad, angry, surprised, and disgusted expression. The database contained six images each of a male and female face and this
database was used to test the system’s ability
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As shown in FIG. 5a, an incoming image 8-512 with spatial dimension d=8-512 pixels is divided into m-overlapping non-overlapping windows in each of the d directions (see FIG. 5b). A correlation filter is applied to each window, and the resulting filter outputs are averaged together. The output of this filter is a d-dimensional vector. The d-dimensional vector is then used in a correlation analysis with the reference
image 10-M. In the course of this analysis, the reference image 10-M is filtered with d-dimensional window h0-512=m-1 filters, the result of which is compared to the vector output of the correlation filter. In a different implementation of the same basic process, we can also compare each window h1,..., m-1 individually to the reference image 10-M. This is how the sum of m-overlapping window filters is performed. The
MACE filter (first reported on in Schulter et al. (2000)) is a “minimum” output correlated filter which works in the following way: An “minimum” pixel output weight W0 is calculated for each position x0,..., xd-1. Weight W0 is calculated according to W0=N(x0, x1,..., xd-1)2, where N(x0, x1,..., xd-1)2 is the average of the pixel correlation values that is calculated within a given window that is centered around x0,...,
xd-1, the overlapping window. As a result, W0 becomes a window filter. This process is illustrated in FIG. 6a. For a given position x0,..., xd-1, the MACE filter algorithm calculates an average of the correlation values within a window centered around x0,..., xd-1 as shown in FIG. 6b. For each position x0,..., xd-1, the filter window moves in one direction and its size increases, as shown in FIG. 6c. Once the window size
exceeds the image size, the window is shifted to the other side of the image and the process is repeated. An example of the effect of this average process on a filter window is shown in FIG. 6d. Now, one can calculate a sum of the correlation values 6a5afdab4c
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The core of the program is a large data set of facial images collected at Carnegie Mellon. These images have been annotated with landmarks and a file describing the facial expressions. Filtering is done on a per pair of subjects basis. Pairing is performed by a user-specified distance criterion such as Euclidean distance, cosine distance, or eigenvalues of covariance matrix of the two subjects' landmarks. The program can
be extended to use a different pairing criterion or different numbers of subjects in the testing-training split. Also, subjects may be aligned or non-aligned in the training set. The program can be used for evaluation of a specific pair of subjects, or for evaluation of a generic filter, e.g., the response of a database of samples of (sEMG) muscle activity recorded during certain facial movements and displayed on a subject-
specific basis. Advanced Correlation Filters for Biometric Recognition Features: The program supports the following features in the matching of two faces: -- Average Normalized Cross-Correlation -- MACE (minimum average correlation energy) filters -- Multiscale filters -- Subregional averaging -- Rank descent neighborhood search (on a collection of matches) -- Euclidean distance to a set of registered faces --
Cosine distance to a set of registered faces -- 4-point and 7-point correlation computed on a Gaussian scale (2-D) -- 2-D feature map displaying 2-D sample correlation and is effective for evaluation of localization accuracy. It is organized by filter-pair (i.e., a given filter and all its derivatives). -- 2-D Feature Mapping (new) for "L" operators(see the manual) -- 2-D Feature Mapping (new) for Normalized Cross-
Correlation -- 2-D Feature Mapping (new) for Correlation Filters -- Scalar mapping -- Estimation of the influence of facial expression on the filter -- 3-D matching based on Hausdorff distance -- 3-D matching with the matrix feature -- User-specified threshold rejection (with time penalty) -- Individual threshold rejection for each training face (or for each subject pair) Advanced Correlation Filters for Biometric
Recognition requires the following: -- Matlab R2008a or higher -- Technical Data: MCFCC (Matched-column cross-correlation) SP-MCC (Spatial

What's New in the Advanced Correlation Filters For Biometric Recognition?

Advanced correlation filters for biometric recognition can be considered as a special type of feature detector. Due to the binary nature of the face, two face images are mutually exclusive, and this can be made into a useful property in terms of recognition (face recognition is binary recognition, since we are asking if a match exists between two reference images). Correlation filters are designed so that the output of each
filter maximizes the amount of correlation between the input and the filter. For face recognition, the input is a face image (each possible face is a filter). The output is binary -- 1 if the input is the same as the filter and 0 otherwise. For example, a filter that maximizes correlation between a face and itself will output 1. A filter designed to maximize correlation between a face and a second face will output 0 for itself, but
will return 1 for the first face. The goal of an advanced correlation filter (or biometric recognition filter) is to be able to detect and recognize faces as fast as possible given a fixed number of training samples. The general task is to search for the face in the training set and match it to a new face with new pose and lighting conditions. The basic (or first) approach to find a face in the set is to obtain a set of possible
matches. Typically, this is done by correlation with each training image. The output is a set of vector correlation coefficients. The next step is to analyze the correlation coefficients, and choose a face as the one with the highest correlation. With that, the new face has to be aligned with the current known face. Each face is often scanned to produce a set of image features that can be compared with those of the new face.
The face detection system chooses the best match and then runs a full recognition algorithm that determines the actual identity (as opposed to a match). As with any recognition system, there is a cost of training the filters: an image that falls into a lot of matches will be tagged with as many face identities as the number of faces in the training set. Example scenario: given a set of training faces, face the new face by
comparing each training face with each training face in turn, and finding the face that has the most correlation between the pair. If this face is not one of the training faces, then the two face images are matched. The figure below shows the output of a typical face recognition process. The top figure shows the training images. The face of interest is found to be in the upper right corner of
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