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Abstract - A human skin color range is used to find the 
candidates by segmentation and the rules of fuzzy factor 
are established by using facial characteristics to determine 
whether the candidate is face or not. We have separated 
two connected faces. In this paper, after segmentation with 
skin color, facial components are used instead of facial 
features to build fuzzy factors for verifying face 
candidates. Concurrently with detection, we separate 
connected candidates by Fast Marching but a fuzzy factor 
is built to choose radius which depends on the size of a 
candidate and the limit of spread. We use probability of 
rules and calculate probability of face. Experimental 
results demonstrate a successful face detection over a wide 
range of facial variations in color, position, scale, 
orientation, 3D pose, and expression in images from 
several photo collections (both indoors and outdoors). The 
computation time in this study is the same as that of the 
previous research, but the failure rate in the proposed 
algorithm is lower than that of the previous method. 

Keywords: Face detection, Fuzzy logic, Fast Marching. 

1 Introduction 
  Images containing faces are essential to intelligent 
vision-based human computer interaction, and research 
efforts in face processing include face recognition, face 
tracking, pose estimation, and expression recognition, etc. 
However, many reported methods assume that the faces in 
an image or an image sequence have been identified and 
localized. To build fully automated systems that analyze 
the information contained in face images, robust and 
efficient face detection algorithms are required. Given an 
image, the goal of face detection is to identify all image 
regions which contain a face regardless of its three-
dimensional position, orientation, and lighting conditions. 
Such a problem is challenging because faces are not rigid 
and have a high degree of variability in size, shape, color, 
and texture. 

 Numerous techniques have been developed to detect 
faces in a single image [2]. A few methods detect multi-
face [3] and most methods don’t solve the problems with 
connected faces. Most face detection methods are 

knowledge-based, feature-based[4], template matching, 
neural network, or their combination. Among them, 
feature-based methods provide a good solution for 
detecting faces in different poses and sizes. Particularly, 
color-based approaches are useful cues for face detection 
[5]. However, these approaches face difficulties in robustly 
detecting skin colors in the presence of complex 
background and different lighting conditions. 

 We propose a novel algorithm for automatic and fast 
detection of human faces that is able to handle a wide 
range of variations in static color images. Based on the 
compact distribution of human skin color in YCbCr color 
space and characteristics of eyes and mouth color [5, 6] to 
segment, our new method detects skin regions over the 
entire image, and then generates face candidates based on 
these skin regions’ borders. The algorithm uses a fuzzy 
controller with fuzzy factors such as the relationship of 
face, eyes and mouth on a face [7, 8, 9, 10], with the 
relationship we don’t heed the directions of faces. Each 
rule of fuzzy factors has a probability and weight for 
verifying each face candidates. In this process, Fast 
Marching method is used to separate connected face 
regions. We build the fuzzy factor to choose the 
coefficients such as radius, the limit of spread supporting 
Fast Marching method. 

2 The Baseline System 
 We build a system which is based on human skin 
color segmentation to choose the candidates from images. 
We don’t take all pixels inside of candidates since we 
choose only the boundaries, as shown in Fig. 1. The reason 
of treating only the pixels on boundaries is to make the 
computation time as short as possible. 

2.1 General Algorithm 
 We suggest the algorithm which has 06 steps to 
detect. Given an input color image, our face detection 
algorithm is as follows: 

Step 1: Find skin pixels and nonskin pixels, then we get a 
  skin image (binary image). 



Step 2: Remove noises from the skin image by opening  
  and closing operator. 
Step 3: Find border pixels for generating face candidates  
  then we get  holes inside. 
Step 4: For each face candidate then find 03 holes,     
 consider a rule base for verification: 
 If its fuzzy values is satisfied then go to Step 5. 
 Else If its fuzzy values is not satisfied then eliminate it. 
  Else If its fuzzy values is not sure then go to Step 6. 
Step 5: Give the detected face. 
Step 6: Consider the following special cases: 
 If it is a connected region, then separate it by Fast  
   Marching method. 
 If it does not contain any holes, then find absent   
   features by filtering and thresholding. 
 Back to step 4. 

Fig. 1. Borders of the regions. 

2.2 Skin color segmentation 
 In the beginning of our algorithm, the color 
segmentation is used to classify skin-color pixels and 
nonskin-color pixels in the input image. There are many 
ways for this classification [11], but we choose the easiest 
method. It is based on the fact that skin color is compactly 
clustered in color spaces such as TSL, YCbCr, and HSV 
which separate luminance and chrominance components. 
We adopt the YCbCr space since it is perceptually uniform, 
and widely used in video compression standards. 

 A pixel is classified to be a skin pixel if its color 
values satisfy: Y1<Y<Y2, Cb1<Cb<Cb2, Cr1<Cr<Cr2 [11, 
12]. The thresholds are based on skin patches collected 
from different skin races from the Internet. As a result, a 
binary image demonstrates this segmentation. Then, an 
opening and closing operator [13] is used to remove tiny 
noises in the segmented image. 

 The next step is finding borders of each skin region. 
A pixel is on the border of a region if it is a neighbor of 
both a skin pixel and a nonskin pixel. After having these 
border pixels, we get holes inside this region. The outside 
borders which truly enclose the skin regions are face 
candidates, as shown in Fig. 1. We also notice that holes 
may be eyes, noses, lips or any noises on the face regions. 

 Sometimes, we don’t find the holes inside the 
candidates because the candidate is influenced by light 
conditions, skin tone, etc.…. We use other conditions to 
determine the holes. We calculate 02 values Crb and Cr2 
by the following formula: 

Crb = Cr/Cb and Cr2 = Cr*Cr               (1) 

 With eyes, the feature color is brown color, so we use 
condition Crb>3 and G<100 and B<100 to find the holes 
which are properly eyes. The mouth feature color is red 
thus we compare⎥Crb⎥>2 and Cr2>1300 [5, 6] to find a 
mouth component of faces. This condition is based on an 
eye map and a mouth map [2]. 

3 Facial Component Based Validation 
 A human face has a wide range of variations in a 
color image. Therefore, to get a high detection rate and low 
false positives, we need a flexible face detection algorithm. 
Fuzzy logic approaches are appropriate. Our face candidate 
verification process is based on the structure of a fuzzy 
controller of which fuzzy factors are the positions and rates 
of components of face. For each candidate, we choose 03 
holes which can make a triangle with two possible eyes and 
a mouth. We build the rules based on the relationship of 
left eye, right eye, mouth. The DisEye is the distance of left 
eye and right eye. The HeightEyeMouth is the distance 
from the point which is the middle of left eye and right eye, 
to mouth. The DisMouth is the distance from the hole 
which is a probable mouth to the point which is real mouth, 
as in Fig. 2. There are the coefficients to build rules. 

Fig. 2. Position of components 

3.1 Separating connected faces 
 For each candidate, we must know how many holes 
the candidate has inside and also the size of the candidate. 
We build a fuzzy factor to determine the radius to 
spreading and to find how many connected faces this 
candidate can possibly have. After that, we have enough 
required coefficients, using fast Marching method to 
separate connected faces, as shown in Fig. 3. Normally, the 
maximum number of connected faces making a candidate 
is about ten. 

3.2 Determining components 
 After segmentation by human skin color, the 
relationship’s components of face can have 03 cases [14]. 
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• Eye regions and mouth region are separated. This 
is the best case. 

• One of two eye regions is connected with the 
boundary because the effects of pose of face or the 
light condition. 

• Two eye regions are connected. They used 
eyeglasses or the light condition had an effect. 

Fig. 3. Separating connected faces 

3.2.1 Solving the first case 
 For the solution in this case, we calculate some values 
as follows: 

• Rate of distance of eyes and width of face. 
• Rate of distance from the center of eyes to mouth 

and width of face. 
• Rate of DisMouth value and DisEye/2 value. 
• Sizes of LeftRegion, RightRegion, MouthRegion 

regions. 

 And we use a fuzzy factor to check whether or not 
each triple hole is a component of face by applying the 
rules. Each rule has a value, which is called reliability. We 
calculate p, which is the average reliability, of the triple 
hole. With every triple hole we find the maximum of pi 
with i=1, 2, …. If pmax value is less than 0.65, this triple 
hole is not the component of face; otherwise, this triple 
hole is the component of face, as in Fig. 4. Fig. 5 is the 
example. 

3.2.2 Solving the second case 
 We find the first eye which is not connected with a 
boundary by finding a hole that is really inside candidate, 
calculating the rates of the width and height of face and the 
position of boundary. After that, we calculate the rate of 
eyes by width of face and then find the last eye, as shown 
in Fig. 6. Finally, we find a hole which is a possible mouth 
to make a triple hole and check whether this triple hole is a 
component of face or not by the first case. 

3.2.3 Solving the last case 
If two eyes are connected, it makes a strange size region 
besides the size of candidate. We choose the strange region 
and find the eyes by the rate of it and width of face, in 
Fig.7. After that, we use the first case to find a triple hole 
which is a component of face. 

 
Fig. 4. Solving the first case 

 

 
Fig. 5. Result of the first case 

 

Fig. 6. Result of the second case 
 

Fig. 7. Result of the last case 

3.3 Probability of rules 
 When we have a set of three holes that is a possible 
component of face, we use the following formula: 
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mk: probability of the kth rule. 
wk: weight of the kth rule. 
p: probability of face 

(2) 

 To find the reliability (probability) of the candidate’s 
being face or not by rules, each rule gives a probability and 
weight. We have rules as follows: 

1 The centre of mouth is near the axis which is 
between eyes. 

2 Calculate the rate of distance of centre of eyes and 
the width of face at the position of eyes. 

3 Calculate the rate of width of mouth and the width 
of face at the position of mouth. 

4 Calculate the rate of distance from eyes to 
boundary and the width of eyes. 

5 Calculate the rate of distance from upper boundary 
to eyes and the height of face. 

6 Calculate the rate of distance from upper boundary 
to nose and the height of face. 

7 Calculate the rate of distance from upper boundary 
to mouth and the height of face. 

8 Calculate the rate of distance from eyes to nose and 
the height of face. 

9 Calculate the rate of distance from nose to mouth 
and the height of face. 

10 Calculate the rate of distance from nose to mouth 
and distance from eyes to nose. 

4 Experimental Results 
 Our algorithm is implemented by JavaTM2 of Sun 
Microsystems using threading technology to reduce the 
computation time when each border is a thread. The 
algorithm is evaluated on several face image databases, 
including family, club, group, band photo collections, 
etc.…, only a few of which we use to construct thresholds 
and fuzzy membership functions. These color images have 
been taken under varying lighting conditions and with 
complex backgrounds. Furthermore, these images contain 
multiple faces as in Fig. 9, with variations in color, 
positions as shown in Fig. 8, scale, orientation, 3D pose, 
and facial expression in Fig. 10. 

 Our algorithm can detect multiple faces of different 
sizes with a wide range of facial variations in an image. All 
the algorithmic parameters in our face detector have been 
statistically determined over a small image database; 
however, the result is still good on other images. The 
average computation time of algorithm is relatively fast 
because we make the detection only on border pixels by 
fuzzy logic. 

 Using 469 images, which are approximately 786x550 
pixels in size, we have evaluated 1859 real faces in total, 
where the total number of detected faces is 1621 and the 
total number of wrongly detected is 35 candidates. 

 
Fig. 8. A typical sample showing successful detection in a 

rotated image 

Table 1. Comparison of running times. 

Computer RAM Operating System Time 

PIII – 866MHz 128M Windows XP 3.8 s 
PIV – 1.7GHz 256M Windows XP 3.1 s 
PIV – 2.4GHz 512M Windows Server 2K 1.6 s 

 The correct ratio is over 87%, the correct ratio of 
component’s detection is 90% and the average separating 
ratio is 80%. This correct ratio is better than that in [1], but 
the running time is nearly the same. 

5 Conclusion 
 Among the face detection algorithms based on skin 
color and facial components, we have presented a new 
approach working on border pixels of holes which are 
possible components of a face. The computation time is 
dramatically decreased. Moreover, our method embraces 
various face cases in images and gets satisfactory results. 
Particularly, we can separate connected faces. The 
separation on border pixels helps us get acquainted with 
new interesting algorithms such as Fast Marching. So the 
algorithm can be used in real-time applications. 

 However, the algorithm is easily influenced by a 
varying condition of light and the view of landscape; then 
the correct ratio is not over 90 percent and the failure ratio 
is not high. We try to build a method to integrate the 
proposed algorithm and the rules, and to combine with the 
rules of [1] and add more rules. It is needed to increase the 
correct ratio and to decrease the computation time 
concurrently. 
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Fig. 9. Typical samples showing separated faces 

 

 

 

 

 

 

 

 

 

 

Fig. 10. The connected faces 


