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Introduction 
 
Many different properties of faces can be exploited when faced with the task of face 
detection.  Since frontal and vertical faces in an image form a convex set, techniques such 
as the maximal rejection classifier can be utilized.  In addition, the color information in 
an image can be used to isolate skin toned objects. 
 
Our face detection approach consists of several techniques cascaded together to achieve 
maximal background rejection.  Figure 1 shows the overall structure of our face detector. 
Each stage applies a different classification or processing algorithm to the output of the 
previous stage.  The algorithms applied in sequence are: 
 
1. Maximal Rejection Classifier 
2. Color Rejection using Fisher Linear Discriminant 
3. Dilation and Centroid search 
 

 
Figure 1: Face Detector Algorithmic Breakdown 

 

Classification Algorithm Description 
 

Maximal Rejection Classifier (MRC) 
 
An MRC was the first classification scheme applied to the data in order to reject a large 
majority of the background pixels.  
 

Training with the MRC 
 
Training faces and backgrounds were obtained by scanning the provided training images 
and scaled down to 15x15 pixels using an LPF and subsampler.  These were then fed into 
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the classifier yielding the appropriate theta and d values. See [1], slide 51 for a diagram 
of the MRC trainer. 
 

Testing with the MRC 
 
When testing with the MRC, three scaled versions of the input test image were obtained.  
This was necessary to catch both the smaller faces in the top row and the larger faces in 
the front row that were closer to the camera.  A 15x15 window around every pixel in the 
three input images was obtained and fed into the MRC.  The MRC parameter values 
obtained during the training phase were used to reject a large number of the background 
pixels.  See [1], slide 50 for a diagram of the MRC tester.  
 

Results 
 
The MRC helped to reject a large majority of the background pixels.  However another 
rejection scheme was necessary to isolate just the faces.  The scheme we used was color 
rejection with an FLD classifier. 
 

Color Rejection with Fisher Linear Discriminant (FLD) Classifier 
 
Background images have a distinctly different color composition than faces.  See Figure 
2 for plot of cb-cr for background and face images.  This nearly linear difference was 
exploited by creating a FLD classifier to differentiate between average face colors and 
background colors.  The R-G-B values of the training face images were converted to Y-
cb-cr values.  Then, just the mean cb-cr values for several background and face images 
were used to find a threshold for the FLD classifier. 



 
Figure 2: cb vs cr for faces and background using 15x15 pixel test blocks 

 
The output of the MRC was then fed into the FLD to reject more of the background 
images on the basis of color. 
 

Results 
The color FLD classifier worked remarkably well to remove most of the unwanted false 
background hits.  However, some objects such as hands, necks, flesh toned clothes and 
trees passed through this test.  Also, the number of repeated hits on each face was still an 
unsolved problem to be later tackled by the dilation and centroid finder. 
 
Figure 3 shows the resulting image after applying color rejection. 



 
Figure 3: Output after color rejection 

Dilation and Centroid Search 
 
A method was required to eliminate repeated hits on a face by lumping all of these hits 
into one value.  Dilation followed by a centroid search effectively solved this problem. 
 

Dilation 
 
The output of the color FLD yielded an image with ones designating the hits and zeros 
elsewhere.  This image was then dilated using a square structuring element to encompass 
neighboring hits within a small area.  Several sizes were tried for the structuring element 
to try and eliminate as many repetitions as possible while keeping the “lumps” for each 
face distinct. See Figure 4 for the post-dilated image. 



 
Figure 4: Test image after dilation stage 

 

Centroid Search 
 
Each group of ones was labeled using the bwlabel command in Matlab and the center of 
each group was found.  This was then designated the center of the face. 
 

Results 
 
Dilation and Centroid Search worked to solve the problem of repetitions effectively.  
However, some false positives still remained.   
 



Results 
 
The following results were obtained for the seven training images of the class: 
 

Training 
Image 

No of Hits No of 
Repetitions 

No of False 
Positives 

Overall 
Score 

1 19 0 5 14 
2 19 0 8 11 
3 22 0 4 18 
4 17 0 3 14 
5 20 0 3 17 
6 21 0 9 12 
7 22 0 6 16 

 
Figure 5 shows performance of the detector for training image number 7 

 
Figure 5: Final output using Training #7 

 
As can be seen false positives are mostly obtained for textured parts of the image such as 
the trees and symmetrical skin toned objects such as necks.



Conclusions 
 
We have developed an algorithm for face detection based primarily on rejection 
techniques.  Rejection is a powerful method since each stage need only operate on the 
surviving inputs from the previous stage. 
 
The maximal rejection classification technique proved to be effective even though it is a 
linear technique.  Thus, we have taken advantage of the speed of a linear algorithm while 
still maintaining a high accuracy. 
 
Color rejection applied after the MRC compensated for the MRC’s inaccuracies by 
further rejecting the non-face pixels that survived the MRC. 
 
Finally, our algorithm is relatively fast (1.5 min on a P4 1GHz processor).  The speed of 
the linear classifiers allowed us to take advantage of multi-resolution approaches to 
achieve good face-detection.
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