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ABSTRACT 

 
A combination of recent methods is 

used for face detection in real-time 
video sequences for possible uses in 
video conferencing or surveillance. The 
possible solutions of the challenge of 
detecting faces in cluttered 
backgrounds are discussed in the 
literature survey. A variety of these 
methods, such as motion, skin color 
segmentation and ellipse fitting are 
used in unison to form a scheme to 
detect a face in the image. The main 
requirement is that the system works 
real-time on a standard PC without 
special hardware other than a webcam. 
 

1.  INTRODUCTION 
 

Face detection is an important step in 
video conferencing, surveillance 
schemes and biometric identification. 
For any automatic face recognition 
system, one usually needs to find faces 
in different backgrounds in real-time 
sequences of frames. These 
backgrounds might be simple or 
cluttered according to the purpose of 
applications. Various offline techniques 
exist for detecting faces in images. 
These can be generally grouped under 
feature based, model based and 
appearance based approaches.  
    Appearance based approaches treat 
faces as a pattern of pixel intensities 

where the information of whether if 
there’s a face in the image or not is 
implicit in the value of the pixel 
intensities. In methods using this 
approach, a search window searches 
through image at different resolutions and  
a classifier (whether this be a neural 
network, or probabilistically learning 
algorithm, etc.) discriminates between 
faces and non-face patterns. 
In model-based approaches, a model of 
the face is formed from attributes of the 
face such as eye or mouth (This has to be 
done using a learning algorithm of some 
sort). These models are then used to 
compute a feature vector by comparing 
the sub-image at a particular location, and 
then using a classifier to make a decision 
about the existence of a face in the image.  
Among the feature-based approaches, an 
important portion of them uses color. 
Color-based approaches use the 
uniqueness of the color of the human skin 
(rarely seen in nature) to determine the 
existence of a human in the image. Color-
based segmentation of the image 
according to the range of human skin 
color components provides us the region 
of the face. This method runs into 
problems when the person in the image 
has a different skin color (e.g. black 
people) than the group of people that we 
extract the range of color components for 
human skin from. The color spaces that 
are used are not necessarily RGB; it is 
possible to use YIQ, or HSI also. A variant 
of this method uses the color of lips as an 
extra evidence for the existence of a face in 
the image [1]. 
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Other two important feature-based 
approaches[2] are feature searching and 
constellation analysis. In feature 
searching, facial features are 
determined and their relative positions 
are used in locating the face. In 
constellation analysis, facial features are 
grouped under flexible constellations 
according to face models. 
Real-time face detection applications 
are a serious challenge in the field of 
computer vision. The computational 
burden causes only specialized 
hardware to be feasible solutions and 
one occasionally has to sacrifice frame 
rate for using complex mathematical 
operators necessary for the task of face 
detection. Other obstacles for efficient 
operation include different orientations, 
different sizes, different illumination 
and partial occlusion of faces. 
 

2 PROBLEM DEFINITION 

 
The widespread development of 

Internet, allows various applications 
possible. Video conferencing over 
Internet is an example. In video 
conferencing applications, there is 
limited access to bandwidth. So there is 
always a need for saving as much 
bandwidth as possible. This is the 
reason of the interest in model-assisted 
coding of low bitrate video 
teleconferencing sequences[3]. The 
optimization of the usage of bandwidth 
can be done in two ways: Use lower 
number of bits to encode frames or 
eliminate unimportant information and 
transmit the interest region in the 
frames. The first approach reduces 
quality so the second approach is 
clearly better.  In video streaming 
system with constant scenes and a 
speaker with head and shoulder visible, 
the background part of the image is 

redundant and can be transmitted once 
and then the only essential region, the face 
of the speaker is segmented and 
transmitted. For another application; Face 
detection is an important process in 
surveillance systems. Also it is a pre-
requisite for face recognition algorithms.  
Our algorithm can be used in classifying 
facial regions that are the most important 
regions. 
As a challenge, we define our problem to 
be face localization in streaming video. 
We propose a combination of various 
techniques in order to face this challenge. 
Our basic requirement is that the system 
operates at real-time which we define to 
be a frame rate in the range of 15-25 fps, so 
that the algorithm is applicable to real life 
video-conferencing over Internet with 
webcams. The tools we use are fit for this 
aim, we use MediaForte PC Vision 300, a 
webcam. Since webcams produce the 
lowest quality images among different 
kinds of imaging systems, the algorithm 
must be robust in terms of image quality 
and noise. For our algorithm to be 
implementable without special hardware, 
we place constraints to reduce 
computational complexity. One of our 
constraints is that there will be a single 
human face detectable. We don’t 
personally know a black person, so the 
algorithm has not been tested for different 
races. However color space parameters for 
skin color segmentation can be modified 
to include a wider range of user group. 
Apart from these two constraints, the 
algorithm works efficiently in different 
environment. Since the algorithm 
parameters can be changed at run-time, in 
a wide spectrum of environments with 
different illumination, background, the 
system is expected to work. 
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3. LITERATURE SURVEY 

 
3.1 Artificial Neural Network     
       based methods 

 
 

An artificial neural network is formed 
by interconnections of artificial neurons, 
single computing elements having a 
finite number of discrete inputs, 
weights associated with each input, a 
threshold value and a single output. 
The artificial neurons does computation 
like this: It first multiplies each input 
(xi) by its corresponding weight and 
adds this products. If the sum of 
weighted inputs is greater than the 

threshold () value, the output of the 
neuron becomes one (in other words, 
the neuron fires.). Otherwise the output 
is zero.  
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Figure 1 

It can be shown that by adjusting the 
weights and the threshold, one can use 
a neuron to compute any linear 
function. To use the neuron for 
computing a particular function (the 
function can be defined explicitly or in 
terms of input-output relationships), 

one needs to “train” it, by adjusting the 
weights until the desired input-output 
relationship is acquired. For nonlinear 
functions, one needs to use a network of 
such neurons, formed by connecting 
outputs of  neurons to others’ input. The 
adjusting of the weights is called training 
the network, and the data used in training 
the network is called training set. The 
networks are usually formed of layers, 
groups of networks that are connected to 
the same inputs, whether these be another 
layer or the input to the network. 
If there is a nonlinear relationship 
between any group of parameters and a 
particular result, one can capture the 
essence of the relationship using neural 
networks. Since how humans detect faces 
is through the use of biological neural 
networks in their brains, it seems 
plausible to use neural networks for face 
detection. 
A pioneering work in this field is by 
Rowley, Baluja and Kanade[4]. Their work 
involves training a neural network to 
detect the existence of a face in a window 
of 20x20 pixels. The window travels over 
the image and each subimage, after 
preprocessing of subimage, is fed to the 
neural network. The decision of the neural 
network is not final however. To improve 
the performance of the system, multiple 
networks are used simultaneously and 
outputs are “AND”ed. These networks are 
trained by different sets of images (both 
face and nonface images). Also true 
detections usually occur within a close 
neighborhood of windows, while false 
detections seem to occur in isolation, 
therefore one can threshold the number of 
detections in a neighborhood to judge 
whether the decisions of the neural 
network were correct or not. This step 
allows the algorithm to discard false 
detections. 
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The difficulty of this method lies in the 
fact that the space of nonface images are 
much larger than that of facial images 
and during training one can never be 
sure that enough nonface images are 
taught to the neural network. Another 
problem is that the training of the 
network requires too many 
computations and too much time. To 
reduce computational load [5] uses eye-
similar regions to localize the faces and 
decrease the amount of area to be 
searched. 
 

 
3.2 Template Matching 

 
These methods use a template of a face 

or facial feature and determine the 
existence of face in images according to 
correlation values of the template with 
the image or subimage. These templates 
could be an image itself produced by 
averaging different facial image, edges, 
contours, simple polygons or Gabor 
Wavelets. The templates are assumed to 
contain information that is common in 
all face images. For this method to 
work, one has to resize and align 
images, to be sure that a face fits the 
template if it exists in the image. 
Crosscorrelation values that are above a 
certain threshold are labeled as a 
detection event. Then crosscorrelation 
between the template and the face 
candidate is found by the following 
formula: 

[16] 
where f is the face candidate, and w is 

the resized template, f  and w  are 

means of the pixel intensities of f and w 
respectively, X and Y are size of the face 

candidate in x and y directions 
respectively. 

The range of xy is in the interval [-1,1]. If 

xy is greater than a threshold value(that 
can be set at runtime), the face candidate 
will pass as a face.  Examples of this 
approaches are in [6],[7]. Kim and his 
colleagues in [7] use a template formed of 
horizontal edges and use the distances 
between horizontal edges that correspond 
to eye and mouth as a fitness criterion. 
 

 
3.3 Color-Based Methods 

 
Color Based-Methods use the human 

skin color to segment the image into 
candidate regions where there might be a 
face. For this one needs to know range of 
possible values for skin color. It is 
important that these values are valid for 
different illumination conditions. For this 
reason, different color spaces are used 
such as HSI, RGB, YUV, YIQ[8], 
YES[9],HSV[10],CIE[11]. Cho, Jang, Hong 
[10] propose an adaptive method to 
determine the skin color values in HSV. 
They set hue value ranges themselves, 
because it is essential for the color of the 
skin and pixels whose color is outside 
these ranges cannot belong to human skin. 
SV components are determined using an 
adaptive histogram method. Cai and 
Goshtasby [11] prepare a chroma chart 
containing probabilities that each value in 
the color space belong to skin. Usually 
color-based methods don’t work well on 
their own, but they are useful as 
preprocessing for other methods. In [12], 
Koh and his colleagues uses a feature 
extraction method and classify faces using 
feature vector with a neural network 
method but it first uses skin-color 
segmented method in determining face 
size. 
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3.4 Model based methods 

 
When trying to detect an object in an 

image, one must model that object in 
some way. In context of face detection 
Leung[13] uses a statistical graph of 5 
nodes, eyes, nostrils and nose tip. 
Feature-based approaches extract 
features from the images and classify 
them according to relative positions of 
these features. Modelling face using low 
level image features (edges, contours) 
are not efficient since image structure 
changes from image to image due to 
illumination and noise. Using high-level 
image features such as eyes, nose and 
mouth are generally more robust. Qiang 
and Hu[14] use pupil detection for 
detecting face location. Yow and 
colleagues [15] uses horizontal edges for 
modelling face features (eyebrows, eyes 
nose and mouth) 
 

 
 
3.5 Methods that use motion  

 
Our initial motivation was from the 

article [16], Chien and his colleagues in 
this article proposed a moving object 
segmentation algorithm. In this 
algorithm, frame differences between 
consecutive frames are used as initial 
candidates for moving objects. In order 
to differentiate between background 
that is uncovered and moving object, a 
up-date background mask is retained. 
According to frame difference masks of 
past frames, pixels that have not been 
moving for a long time are considered 
as background. An initial object mask is 
constructed using difference of current 
frame from background and frame 
difference. This is done using 
thresholds that are dependent on 

camera noise. The following table is the 
decision reference that Chien and his 
colleagues use. 

 
 
 
 
 
 

 

 

 

 

        Table1 Background and Frame Differences 

 
THBD and THFD refer to decision 

thresholds for background difference and 
frame difference, respectively. These are 
dependent on camera noise In 1 and 2 
since background information is not 
available, we make the decision to put 
pixel in object mask if frame difference is 
greater than THFD and we make the 
decision not to put pixel in object mask if 
frame difference is smaller than threshold. 
In 3 , we know that the pixel belongs to an 
object because  FD>THFD (which means 
pixel is moving ) and BD>THBD (which 
means pixel is not background) put pixel 
in object mask. In 5 we know that pixel is 
not moving but also that it is not in 
background (BD>THBD). In 4 and 6, we 
know that pixel belongs to background 
because BD<THBD. 
After the object mask is created, Chien 
and his colleagues remove noise using 
morphological operators and 
segmentation according to size areas. 
An assumption of this technique that 
doesn’t necessarily hold true for real-life 
cases is that the background is stationary. 
This might not be true in all scenes 
especially outdoor environments. There is 
a higher possibility of this assumption of 

Index Background 
Dif. 

Frame 
Differen
ce 

Region 
Description 

OM 

1 N/A FD>THFD Moving Yes 

2 N/A FD<THFD Stationary No 

3 BD>THBD FD>THFD Moving Object Yes 

4 BD<THBD FD<THFD Background No 

5 BD>THBD FD<THFD Still Object Yes 

6 BD<THBD FD>THFD Uncovered  
Background 

No 
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being true in man-made environments. 
For moving background, it is necessary 
to model the background in some way. 
For a probabilistic approach to 
background modelling, see [17]. In this 
article the background is modeled as a 
mixture of Gaussian distributions as 
shown in the following formula. 

 

 
 
Here Pr(xt) denotes the probability that 
the intensity value of the pixel was xt. 
wj is the weight associated with the 

Gaussian model, j is the mean and j is 
the covariance matrix for jth 
distribution. The K distributions 
(usually between 3 and 5) are ordered 

according to magnitude of wj/j2,and 
the first b distributions that satisfy the 
following relationship: 
 

 
 
are selected as the distribution that will 
model the background. Pixels which are 
different from the means of the b 

distributions by more than 2.5 times j2 

are  considered as foreground. 
Other motion-based methods include 
optical flow using the estimation of 
appearent brightness velocities. This 
method is usually applicable in moving 
camera systems [18]. 
There also exist techniques that use a 
combination of methods such as 
Sobottka, Pitas[19] that use hue-
saturation values to segment the image 
and choose regions that are elliptic, 
foreground separation along with skin 
color segmentation and eye 
detection[20]. 

Other methods include modelling 
variables in face images using probability 
(Bayesian network[21], constellation 
analysis, active-shape models such as 
snakes, point distribution 
models(PDMs)[2]. 
 

4. APPROACH 
 

As a starting point, we define the 
working environment as a human whose 
head and shoulder are visible and 
constant background. Our camera, a 
webcam, is considered to be stationary. 
Light source is considered to be stationed 
at back of the camera to minimize the 
effect of camera noise. Below is a schema 
for our system. Following that, the steps 
are explained part by part. All parts of the 
algorithm were implemented in Visual 
C++. Microsoft Vision SDK was used to 
grab images from camera. 
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Our modeling of the background 
assumes background is stationary, and 
the pixel intensity of  pixel belonging to 
the background as a single Gaussian 
random variable with variance related 
to camera noise. Since the background 
is stationary, absolute frame difference 
is appropriate for detecting moving 
regions.  
 
4.1 Frame difference Method 
 

The frame difference method is 
simply finding the absolute difference 
between two consecutive frames.  
Normally, in streaming video 
sequences, the frame rate is more than 
one shot per second. Thus, if there are 
any object that is in motion, it will have 
a slight position change and the 
maximum change will occur at the 
edges of the image, since the 
discontinuity points are there. This fact 
is represented in the following 
formulation. Suppose that the intensity 
of a pixel at location(x,y) at time t is 
represented by I(x,y,t). By 
differentiating with respect to t and 
using chain rule 
 

( , , ) ( , , ) ( , , ) ( , , )

( , , )
x y t

dI x y t I x y t dx I x y t dy I x y t

dt x dt y dt t

dI x y t dx dy
V V I

dt dt dt

  
  

  

  

 
 
where Vx and Vy spatial gradients of the 
image with respect to x and y directions 
and It is the temporal gradient of the 
image. So the difference of intensity 
values between two adjacent frames are 
nonzero if either there is a moving 
vertical edge moving in the x direction, 
or a moving horizontal edge moving in 
the y-direction or the pixel intensity 
changes incrementally(due to change of 

illumination, or a chemical reaction 
perhaps). 
Consider the image in figure 4 below for 
demonstration of this general formula.  
 

 
Fig. 4 

 
Fig. 5 

 

           Fig. 6 

 
 

As a second frame, let’s have the image 
move up. The next frame is shown in 
figure 5. When we put the first and the 
second together as in figure 6, we can see 
the slight difference of edges. From the 
difference of consecutive frames, we can 
have crude information about the edges of 
the moving object. As an example, for the 
two consecutive images in figures 4 and 5, 
the man has a very slight change in his 
position but the book moves faster. Their 
absolute frame difference is given in 
figure 6. It is found simply by subtracting 
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every pixel of first image from the 
corresponding pixel of second image 
and taking the absolute value of the 
difference. The book moves vertically 
and the left and right vertical edges are 
apparent in the same way as in figure 6 
that the horizontal edges are visible in 
vertical direction. However, when we 
inspect carefully figure 9, we can see 
that edges of the face and body of the 
man are all emphasized. Since the 
movement is slight, we see a symmetric 
edge image looks like passed through 
an edge detector mask.  

 
 

 

 
   Fig. 7 
 

 
                          Fig. 8 

 

 
Fig. 9 

 
   Fig.  10 
 

 

       Fig. 11 

It is obvious that, the edges of the moving 
object that appear in frame difference 
image also depends on the background 
pixel values where the pixels belong to 
object are subtracted from the pixel of the 
background. If the background and object 
has high contrast than we can achieve 
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sharper edges. In a cluttered 
background where the background 
pixels vary, we can have a better 
difference image if we use the color 
information. In our algorithm of frame 
difference, we use the Red, Green and 
Blue color channels in the difference 
operation independently. Even if the 
intensity of the background pixel is in 
close proximity to object pixel, one of 
the color channels is closer in value and 
one of the channels is far away 
considered to others. So we make use of 
the farthest color channel to obtain the 
best frame difference, which can be seen 
in figure 13. Only the head of the man is 
moving in horizontal direction. All 
other parts of the static background are 
eliminated by thresholding. 
 

 
Fig. 12 

 

                            Fig. 13 

 
 

4.2 Border Fitting 
 

After we obtain the frame difference, 
we obtain the edges of the moving object. 
Since we are looking for the moving 
object, we can discard the static parts of 
the image. “Points” in the frame difference 
image are defined as the pixels which 
have intensity value of 255. As in Figure 
13, the white pixels form the “points” set. 
 Since points belonging to the face are 
distributed around a mean point xm,ym, 


p

pm x
N

x
1

 ,  
p

pm y
N

y
1

 

where N is the number of points 
belonging to and p are the indexes of 
points in the frame difference image, we 
model the distribution of the points 
around the mean with a continuous 2D  
function that has a global maximum at the 
mean point. 
 

 

Fig. 14 

 
We can calculate the number of “points” 
in a grid of pixels by the following 
formula: 

),(),( mnpdxdyyxd

nn

n

mm

m

 
 

 

where d(x,y) is the density function of 
pixels belonging to moving object and n 
and m are the indexes of the grid, which 
our algorithm looks at when deciding if 
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the border rectangle will include this 
grid or not. If p(n,m) is smaller than a 
threshold value, we should not include 
it in our border rectangle. We can 
assume our density function d(x,y) is 
approximately symmetric around the 
mean point in x and y directions 
independently. The shape of this 
function could be visualized using 
Figure 14. However note that this 
function is only for the purpose of 
visualization of d(x,y). There is no 
reason that our function will be just like 
the function in the figure. To find the 
optimum border rectangle, we start 
from an initial estimate (which can be 
set from a panel during runtime) and 
decrease the dimensions of the 
rectangle until the integral of the 
density function in the region between 
the initial estimate and the current 
rectangle borders exceeds a threshold 
value. This process can be represented 
as the algorithm below. 

• I. Look at rectangle centered at 
(xm,ym) with length l0, height h0. 
Count no. of points inside 
rectangle whose R, G, B values 
are 255. Set sum to this number. 
Let i=0. 

• II. If the rectangle is symmetric 
with respect to (xm,ym), δx =δxl + 
δxr ,  δy =δyu + δyd  where δxl, 
δxr, δyu, δyd  are constants. If the 
rectangle is not symmetric, 
multiply one of δxj and δyk with 
the ratio of the distance from 
center to one edge to the distance 
from the center to the other edge. 

• III. Decrease li by δx. Set these 
numbers to li+1.  

• IV. Count no. of points inside 
rectangle bounded by length li+1 
hi+1whose R,G,B values are 255. 
Denote this number by 
numpoint. 

• V. If |numpoint-sum|>thres stop, 
else go to II. 

• VI. Repeat 3, 4 and 5 for hi and δy. 
In this way, we can both be sure that we 
isolate the region of interest from the rest 
of the image in a small rectangle and leave 
out outlier points.  
By using border fitting, we identify the 
region of interest and get rid of the noisy 
and redundant part of the image that 
would cause errors in our future 
calculations. Also we save our system 
from a great computational burden and 
thus we boost the performance of the 
algorithm. 
 
4.3 Skin Segmentation: 
 
Using border fitting, we identify a 
rectangular region for skin color 
segmentation. The computationally 
expensive skin segmentation is only 
applied to this region. Since skin color 
segmentation requires floating point 
arithmetic, it was one of the bottlenecks of 
the algorithm before border fitting was 
applied. The fact that we carry out 
computations of the transformation from 
one color space to another is one of the 
reasons this step in our algorithm so 
demanding in terms of computing power. 
In this segmentation process, we make use 
of two different color space information 
that are RGB (we use only R and G values) 
and HSV.  The region of color spaces we 
use are  

 

[22] 
 
R and G values are normalized, so it is 
necessary to scale them to 255. The 
following transformations were used in 



 12 

converting intensity value in one space 
to another: 

 
[22] 
It is possible in runtime to choose how 
the segmentation of image is done, 
using RGB, using HSV or with both 
simultaneously. This gives us the 
capability of choosing which methods 
are to be used according to different 
lighting conditions. 
After segmentation we calculate 
another mean point, which is the mean 
of x-coordinates and y-coordinates of 
the points in the segmented image (the 
segment that is labeled as skin). 
 
 
4.4 Ellipse Fitting: 
 

To demonstrate our ability to localize 
the object, we draw an ellipse around 
the skin segmented regions resulting 
from the previous step. We use the 
following formulas for the orientation 
of the ellipse  
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where   is the orientation. We extract size 
information from the rectangle borders 
using the following formulas: 

3/

3/

min heightb

lengthbmaj




 

 The parameters found are used in to 
draw an ellipse using the parameters 
calculated above, and the rectangle 
borders.  

We set all pixel values whose x and y 
coordinates that satisfy the following 
relationship to [255,0,0]. 

)cos(*)sin(*)sin(*)cos(*

)sin(*)sin(*)cos(*)cos(*

min

min
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for  

We increase  by incrementally in order to 
save computational power. 
 
 
 
 
4.5 Face detector: 
 

To determine the existence a face in the 
skin-segmented region, we also use 
template matching along with other 
indicators. This phase of the algorithm 
however is only active in the skin 
segmented image mode.  Before starting 
this computationally expensive process 
however, we preprocess the skin-
segmented region in two steps. From the 
ellipse found in the previous step, a fitness 
criterion is extracted. This fitness criterion 
is the ratio of the number of points of the 
skin-segmented region inside the ellipse to 
the number of points outside the ellipse. 
This criterion determines if the region is 
really elliptical in shape. Before template 
matching, we must be sure that the border 
rectangle is not elongated too much in x or 
y direction. If the border rectangle height 



 13 

to width ratio is between 0.8 and 1.2, we 
start template matching. Instead of 
multiplying the image, we ‘AND’ the 
mask and the skin-segmented image. 
Then the number of white pixels (R, G, 
B=255) are counted inside the skin-
segmented region. If this number is 
greater than a threshold determined in 
part by the user and adapted according 
to the size of the mask.  We use the 
following masks for template matching: 
 

  
                          Fig. 15  Masks 
 

 
 

The different masks are used according 
to orientation of the ellipse that we find 
in previous steps. The size of the mask 
is fit according to the bounding 
rectangle.  The threshold for the 
correlation coefficient that determines 
the identification of an image as a face 
can be set at runtime. A message at 
runtime is displayed “FACE” or 
“NOFACE” according to whether the 
threshold is exceeded or not. 

            

5. RESULTS 
 

The following results were acquired 
in a Pentium III 850 MHz PC using 
MediaForte PC Vision webcam. For 

real-time sequences, make use of CD-
ROM included.  

 
   Fig. 16Vertical Orientation (Original Image) 

 
  Fig.17. Vertical Orientation (Skin Segmented) 

 
Fig. 18 Horizontal Orientation (Original Image) 

 
Fig. 19 Horizontal Orientation (Skin Segmented) 
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     Fig. 20  Distant Walker (Original Image) 

 

 

 
Fig.21 Distant Walker (Skin Segmented Image) 

 
 

 
Fig. 22 Distant Walker (Frame Difference 

Image) 

 

 
       Fig. 23 Occluded face(Original Image) 
 
 

 
Fig. 24.Occluded face(Skin Segmented Image)  

 

 

 
Fig. 25 Occluded face (Frame Difference Image) 
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   Fig. 26  Bearded Man Image(Original Image)   
 

 
Fig.27 Bearded Man Image (Skin-Segmented 

Image) 

 

 
Fig.28 

 
 
 
 

 
Fig.29 

 
Fig.30 

 
Fig.31 
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Fig.32 

 
Figures 28 through 32 are face 

detection test images taken using the 
web cam and Visual C++ software. 
Original and processed images are 
given consecutively. Detection results 
are shown under the processed image 
as “FACE” or “NOFACE” strings. From 
our tests we have measured that for 
every 100 frames, the algorithm shows 
57 frames as face. For images of no face 
in motion or at interest, the algorithm 
signals 83 frames as no-face. 

 
 

CONCLUSION 
 

A real-time face detection scheme was 
proposed. The scheme uses various 
novel methods found in face detection 
literature and seeks to combine them to 
get the best results. Compared to other 
methods that use motion, or optical 
flow, our technique finds more relevant 
regions of the image. Compared to 
other methods that use color 
segmentation, our technique has less 
probability of confusing human skin 
with stationary objects that have a color 

that is close to human skin. It is our 
opinion that the most relevant application 
of this scheme is videoconferencing, 
because the algorithm can be 
implemented easily using low-quality 
cameras such as webcams. However, if 
high quality digital cameras are used, 
thresholds whose values for efficient 
operation are dependent on camera noise 
can be changed to make the algorithm 
more suitable for security applications 
also. 
The algorithm is quite robust, as we did 
trial runs in both a cluttered  background 
environment such as ISL lab and a 
relatively simple background such as a 
dormitory common room. It also works 
real-time, albeit not with 25 frame per 
second that we had in mind when we 
started the project. Typical frame speeds 
are between 5-6 frames per second on a 
typical Pentium III 850 MHz machine 
without video capturing devices or 
specialized hardware such as DSP cards 
for image processing (e.g. Matrox Meteor). 
Since the algorithm contains some 
processes (such as template matching, 
color segmentation) that would be 
efficiently carried out with DSP cards 
especially created for that process. So, the 
frame rate could be increased by the use 
of specialized hardware. Another 
performance optimization could be code 
optimization, though we don’t know to 
what degree, since most of our efforts 
were to optimize the code to make the 
system run at real-time. Therefore we 
don’t think that a lot more code 
optimization can be accomplished. 

The false face matches of the 
system usually happen when a skin-
colored object (such as hand) moves in 
front of the camera. We try to prevent 
these false matches by using the logical 
difference between the skin-segmented 
image and the mask. 
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An important requirement for 
efficient operation of the system 
includes setting the parameters right. 
This should be done by trial and error, 
as most of our algorithm parameters 
were derived heuristically. These 
parameters need to be adjusted every 
time the environment and the lighting 
conditions change. 
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