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Face Detection

Overview

This report documents my implementation of the Face Detection Term Project of EE368
— Digital Image Processing — Spring 2002 with Professor Bernd Girod of Stanford
University. The algorithms are implemented in Matlab, and select fiegiare included
herein. This report details the algorithm design of the final implementation, along with
alternatives which were attempted and why they were not used.

Requirements

The algorithm to be implemented was to detect and identify faces witmimgut image.
The implementation was to solely identify locations of faces, and not match the faces to
particular search criteria. We were allowed to use a variety of object recognition
algorithms. Our implementation had to complete execution within a timit.

The requirements of this assignment were as follows.
0 Inputs: An image matrix of size 960 pixels x 1280 pixels x 3 colors.
o Outputs: An N x 2 matrix containing the coordinates of all the faces detected.
0 The program had to complete execution withirB minutes on the Stanford ISL
Laboratory computers.

Algorithm Design

The algorithm used followed five general steps, described in the following.

Implementation Overview
The implementation generally followed the following five steps:

1. Subsample the inpuimage by a factor of 10 in each of the two dimensions
This reduced the amount of processing involved, at the expense of a little
accuracy.

2. Reject easily identifiable neface colors.
This further focused the processing, taking advantage of the cotmmiation in
the image. This eliminated easily identifiable Af@te colors such as green leaves
and blue clothes, however colors close to skin color such as shades of brown,
gray, and certain shades of red were not eliminated.

3. Convert image to blackndwhite.
Once the color information in the image was used, the image is converted to
blackandwhite by averaging the Red, Green, and Blue color components to
reduce the amount of processing necessary.

4. Detect faces based on correlation coefficient.
Althoughmore sophisticated algorithms are available for object recognition, the
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time limit on the project allowed only a simple approach such as the correlation
coefficient.

5. Obtain central points from detected faces.
The assignment required central points to ét@med, so a small hunting
algorithm was used to identify the centers of the faces.

The following illustrates the relative time taken by each of these steps.

< Total 74 Seconds >
\ = :

\ = :

N = 5-
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N =7 B
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
2 sec 15 sec 2 sec 2 sec 52 sec 1 sec
Note: These times are only representative. Actual times may be scaled up or down
depending on what computer is running this.

Implementation Details
The six step process is illustrated herein through example images.

Stepl: Sub-sample

The subsampling is performed by applying a uniform filter over the entire image to
minimize the loss due to the 100X reduction in resolution.

Original Image: 960 x 1280 Sub-sampled Image: 96 x 128
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Subsampling also smoothes the image out, makingit easier to correlate the faces
ultimately in the image.

Step2: Color Rejection

Color rejection was performed using the color ratios Red:Green, Green:Blue, and
Blue:Red in the image. For the set of training image faces, the following table was drawn

up:

Ratio Min Max
Red : Green 1.000 4,500
Green : Blue 0.843 12.000
Blue : Red 0.0185 1.000

These colors were obtained from sample faces in
the training images.

When color rejection was applied, most nonface
colors were eliminated, causing tan shades of browns, grays, and reds to remain.

Sub-sampled image Sub -sampled, color-rejected image

Step3: Conversion to Black-and-White

Once color information in the image is taken
advantage of, it is converted to blag@ndwhite. The
main advantage of this was that each pixel had onl
one value to process, instead of three. This broughy
about significant improvements in processing time,
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Step4: Face Detection Based on Correlation Coefficient

Once the monochromatic images obtained, faces were hunted for using the correlation
coefficient of a template face, obtained from averaging several faces in the image. This is
all performed in the lowresolution domain.

Template Face (Average): Faces detected by template:

As can be seen, there are a few areas offiace that are falsely detected as face. This is
an artifact of the image resolution reduction, since more areas of the image now look like
a face. The parameter that is in question here is the minimumalue of the correlation
coefficient that is necessary to consider a pixel to be a face pixel'he correlation was
compued using the following formulawheref was the image, and was the template.

> ¥ [fst)=f(snwix+s y+t)-w]

y(Xy) =

ZZ[f (s1)- f_(S’t)]ZZZ[W(Hs, y+t) -]’ 2

As illustrated below, this classifier is not ideal, and therefore there is overlap between
face and nofface objects:

A Ideal Classifier A Practical Classifier
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i Face i Face
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! |
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i Threshold ! Threshold

As illustrated, practical classifiers have to draw the threshold line at a point in the image
where certain norfaces are deteetd as a face,andor certain faces are not detecteth
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the implementation, the thresholding wagrformed in such a way as to favor detection
of faces, so certain nefaces were also falsely detected.

Step5: Obtain Central Points Based on Detected Faces

Once the faces were detected, the task of identifying the centers of the faces was
performed by making assumephs about the range of face sizes, aodning through the
imagehunting for these centers. The specific algorithm used ran through the image
horizantally, and if a face pixel was found, keep running to the right until the right end
was found, or the maximum face width was a@ssed. Then find thdorizontalmid-point

of the face and run down until the bottom is reached, or the max face height was crossed.
Then find the vertical mid -point of the face. Th e facial center is identified by the
coordinates formed by the horizontal and vertica+points of the face.
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Alternatives Discarded

There were a few alternative approaches considered for the face defwciect but
were discarded for specific reasons.

Sub-sampling, with Other Factors

Instead of sub-sampling by a factor of 10 as in the final implementation, other factors
were considered too, including 5Sub-sampling by a smaller factor would retain more
resolution, thereby improving the image qualithe template face would be larger too.

Sub-sampled, Factor 5: Larger Template Face:

However the correlation coefficient computation in this case was greatly increased,
increadng the run -time to 11 minutes, and therefore this approach was discarded.
Nevertheless, with this higher resolution, the accuracy of face detection was improved,
and the incidence of falsely detectextés reduced.

Faces detected after factor 5 Sub-sampling.

RMS-Based Rejection
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In order to differentiate betweenface and nonface after color rejection, especially to
eliminate uniform backgrounds like the wall and ground, root -meansquared (RMS)
based rejection was considergdoncentrating on eliminating areas which did not have
much of a variance to them, such as uniform backgrounds. Ho wever this ended up
eliminating out too much of the image, and results were not very consistent betviieen
various training images, since this depends heavily on the lighting conditions and other

factors.
Color image after RMS -Based Rejection:

Erosion and Dilation:

Another technique that wasonsidered and later eliminated, was Erosion and Ddatto
eliminate false detectionsike hands and shirt sectiong:irst, erosion would be used to
eliminate small areas, and then dilation would be used to fill in gaps caused in falogs
erosion. However the Erosion processing took too long, and eliminated significant
portions of faces, and therefore this approach was discarded.

Result of Image Erosion: Zoomed In Result of Image Erosion: Zoomed Out
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Conclusions

The facedetection algathm presented herein has proved effective for successful face
detection. Here are a few further improvements possible to enhance the detection process:

0 Finetune the parameters timprove detection accurgcThese parameters
include:
o Image subsampling factors
o Color ratiosfor color rejection
0 Better face template by searching through more training images
o0 Better choice otorrelationcoefficient threshold to detect faces

o0 Explore erosion and dilation more, perisapith a smaller erosion filter
o Focus on optimizing the code swore sophisticated algorithms can be employed
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