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Abstract. Accurate and reliable automatic segmentation of faces in video 
footages is often hard to succeed, leading instead to laborious and tedious
interactive manual segmentation. This paper presents a segmentation method
that uses a few controlled sets of the weights on HSV components. First, it is
shown that HSV has advantages over RGB or YCbCr when segmenting a face in
image in such that a binary pattern reflects as many features of the face as 
possible. Then, a face detection system is constructed, in which each time a
significant scene change is detected segmentation is carried out for the
beginning frame of a new scene using a few sets of the weights on HSV
components, and resulting patterns are correlated with a typical face pattern.
Computer experiments show that the successful detection rate is more than 95
out of 100 faces. 

1 Introduction 

Research on face detection has extensively been made in recent years especially in the 
fields of image processing and computer vision [1]. Rowley et al. [2] and Feraud et al.
[3] used neural network-based methods, Schneiderman et al. developed a Naïve Bayes
classifier [4], Osuna et al. proposed a method to train Support Vector Machines [5],
and Turk et al. used eigenfaces [6]. Those algorithms are aimed at detecting or 
recognizing the face in image. The detection is required to be in real time in computer 
vision [7].

In the field of multimedia, on the other hand, the focus has been not just on their
detection but also on identification of faces, people, or some specific objects in video 
images. Satoh et al., for example, tried to retrieve the name from the face or the face 
from the name in the video footages [8]. Since segmentation accuracy may affect the
identification and images may be available in a limited duration of time, several
improvements on segmentation have been reported, which combines temporal
segmentation or tracking with spatial segmentation [9] or manual segmentation [10].
Long et al., for example, present a method that uses three consecutive frames to take 
into account motion, and they also adopt user interaction to cope with the situation
where automatic detection fails [11]. 

In this paper, we present an improved segmentation method using HSV color and a
construction of face detecting system. First, it is shown that HSV has advantages over
RGB or YCbCr in segmentation capability and easiness in controlling the weights on
the color. Then, a face detecting system is constructed based on the method, which
detects a face in the video footage each time a significant scene change is detected. 
Computer experiments show that the successful detection rate is more than 95 percent. 
We also demonstrate its application to image retrieval from video footage. 
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2 Color Segmentation 
 

We require the segmented image to include as many features of the face as possible 
when comparing the segmentation capability for three colors, RGB, HSV, and YCbCr, 
aiming at the construction of an image retrieval system. The comparison is made 
experimentally including the easiness to control the weights on the color components.  

The color segmentation is meant to extract the image region that is continuous in 
the sense of eight neighborhoods with the sampled point within a given error as: 
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where the suffix s denotes the sampled point, each color value is normalized so that it 
varies between 0 and unity, and w’s are weights. Face images in the video footages 
may have been illuminated with a variety of light sources and color adjustments, and 
background objects close to a face may often have similar colors to that of the face. In 
addition, face images may vary in skin color and texture, such as wrinkles, apart from 
frontal direction and size. So there may exist appropriate weights for each face image 
and they may have to be given in a controlled way.  

The image region which satisfies Eq. (1) but is not continuous with the sampled 
point is included in the segmented image, if even a slightest part of the region is 
longitudinally sandwiched by the segmented part within a certain distance, as shown 
in Fig. 1. This extension may make the segmented image more informative, possibly, 
enough to recognize the person. 
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Fig. 1 The region RB in which Eq. (1) is 
satisfied is not continuous with the sampled 
point Sp. However, if there exists any pixel in 
RB whose distances L1 and L2 to RA are within 
a certain value, RB is added up to RA. 
 

 

3 Face Detection System and Its Application to Image Retrieval 
 

A face detection system is constructed based on the segmentation method as follows:  
(a) Scene change is detected in a video footage 
(b) A sampling point is scanned on the beginning frame of a new scene 
(c) At each sampling point segmentation is carried out for each set of the weights on 

the HSV components and for each segmentation error 
(d) Each segmented image is made binary whose pattern is checked whether it 

satisfies the requirements as face and then it is correlated with a typical face 
pattern 
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(e) The segmented face with the largest correlation value is output as the face for the 
frame 

The scene change is detected by evaluating the difference between the neighboring 
frames as: 
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where n is the frame number, i is the image, c is r, g or b component, and δn (≥1) is 
the transition number of frames from one scene to another. The scene is judged to 
have changed if Dscene > Dth holds. 

With a hope to detect faces with size 8x12 pixels or larger on a reduced frame of 
76x58 pixels, we sampled each frame at 132 points within an appropriate region. The 
effects of the weights on the three HSV color components are examined in advance by 
manual segmentation, as will be shown. Based on the results, we use basically three 
sets of the weights to cope with a variety of face images. We also use several 
segmentation errors, especially, to cope with various lighting conditions.  

The dimensions of the segmented image, X and Y, are required to satisfy  
 

Y<2.5X and X<1.25Y  (3)
 

Then the image is made binary and the resulting pattern is required to satisfy  
 

mouthfor  eyes,for    me NNNN >>  (4)
 

where N is the number of vacancies in the regions assigned for eye or mouth in Fig. 2, 
and Ne and Nm may be proportional to the area of the segmented image: 
 

mouthfor    eyes,for   XYcNXYcN mmee ==  (5)
 

where ce and cm are constants. Then, the correlation is taken between the binary 
pattern, Ps, and a typical face one, Pk, 
 

ksp PPC ⊗=  (6)
 

where the former is fitted in size to the latter. In the case of Y > 2X, where a neck part 
may often be included in the segmented image, however, the fitting ratio in y is made 
the same as in x, and the top part of the segmented face pattern is used for the 
correlation. The elements of the two patterns have values of +1 and –1, so that Cp 
takes a value in the range [-1,1]. The operation in Eq. (6) is repeated for the maximum 
number of candidates of {number of segmentation errors} x {number of sets of the 
weights} x {number of sampling points}, among which the segmented image of the 
highest correlation value is output as the face for the frame. 

We may often encounter situations where we want to retrieve scenes or images 
from an image at hand. This becomes possible if we modify the face detection system. 
First, a face part is segmented from the image at hand, and it is made binary with 
mean color values. Then, in the face detection process the color at each sampled 
image point, (hs, ss, vs), also is checked whether it is close enough to that of the key 
image, (hk, sk, vk), as  

 

hsk ehh <− , ssk ess <− , vsk evv <−  (7)
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Fig. 2 The binary face pattern 
is required to have certain 
numbers of vacancies in the 
regions where eyes and mouth 
are supposed to be.  

 

If the conditions are met, the sampling point is accepted and the segmentation is 
carried out. If not, the proximity in color is checked for the next sampling point. For 
each segmented image, average color values, (rs, gs, bs), are calculated and correlated 
with those of the input image, (rk, gk, bk), as 
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The segmented image for the frame is selected based on the product of the correlation 
in color and that in pattern instead of the correlation in pattern alone.  
 

pcCCC =  (9)
 

4 Experiments 
 

First, the segmentation was manually carried out to compare the segmentation 
capability among RGB, HSV and YCbCr colors using several images, where the 
weights on the three color components are adjusted so as to include the faces’ features 
as many as possible. A few typical results obtained are shown in Fig. 3. For the face in 
Fig. 3(a) all the three colors can segment the face well to a similar degree. It appears 
that the pattern obtained with RGB reflects her features slightly more than the other 
two. For the face in (b) HSV can separate the face from the surroundings, but neither 
RGB nor YCbCr can do that due to the closeness in color. In addition HSV appears to 
extract more of his face’s features than the other two, and RGB does not distinguish 
the face from the hair. For the face in (c), RGB cannot separate the face from the 
surroundings due to the color similarity and gives a huge vacancy to his head. The 
two patterns by HSV and YCbCr are similar, but the pattern by HSV appears to more 
reflect his face’s features than YCbCr. For the face in (d), RGB cannot distinguish her 
face from her hair due to the closeness in color, YCbCr has the same disadvantage as 
RGB and misses part of her face. On the other hand, HSV segments her face well 
regardless of the fact that her face color is very close to her hair color. Hence it is seen 
that HSV on average can segment faces more successfully and informatively than 
RGB or YCbCr. In addition, the three HSV components are independent parameters 
having clear meanings, so that HSV may be the easiest to control.  

In the experiments of face detection, we edited video footages from various news 
programs to create one that consists of 100 different scenes having just one frame 
each, as shown in Fig. 4. We used six segmentation errors, 7, 9, 11, 13, 15 and 17 
percent. A larger shading change on the face tends to need a larger error to segment, 
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and a larger weight on V also tends to need a larger error.  
When a single set of the weights on the three HSV components was used, the 

successful detection rates were 84, 90, 95, 95, 81 percent, respectively, for the weights 
(1,1,5), (1,1,2), (1,1,1), (2,2,1), (5,5,1), where the pattern in Fig. 5(a) was used as 
typical face pattern. When we used either of the two sets of the weights, (1,1,5), 
(1,1,1) and (5,5,1), and (1,1,5), (1,1,1) and (2,2,1), the rate increased to 97. The 
segmented face images obtained for the second set are shown in Fig. 6, including the 
failed ones. The rate remained the same even if we use a different typical pattern in 
Fig. 5(b). We notice in Fig. 6 that the 14th or 60th segmented face is cut off due to the 
restricted region around the sampled point, which is allowed for the segmented image 
to exist, that part of the background image is included in the 30th, and that the smaller 
face is output in the 20th rather than the larger one. Missing a fraction of the face or 
including small background part in the face may often be insignificant when the face 
region rather than the segmented image itself is of interest. The larger face in the 20th 
was output when using the second pattern in Fig. 5(b). It took about 100 seconds with 
a 1.2GHz PentiumIII PC for the case using three sets of the weights.  

The 100 faces have the statistics: H varies from –20(340) to 61 with mean value 
19.6 in the scale of 360, S varies from 0.11 to 0.79 with mean value 0.32, and V varies 
from 0.28 to 0.93 with mean value 0.64. Taking advantage of this diversity we can 
retrieve the frame from a specific binary face pattern and its representative color in a 
quick way. In the modified system, we allowed 10% color deviations from the color 
components of the input face and used 25 or 10% as the standard deviation of the 
Gauss function for each RGB color in Eq. (8).  

As one of typical cases, when the face in the first frame in Fig. 4 with mean values 
of (H, S, V) = (15.7, 0.24, 0.67) was input to the system, we obtained the result in four 
seconds that the segmented face in the first frame had the highest correlation value 
0.80 while it is less than 0.43 for others. As a special case, when the face in the 12th 
frame with mean values (38.7, 0.79, 0.58) was input, we obtained the result in one 
second that the segmented face in the frame had 0.73 as the correlation value and 
others had null values. In this case both the hue and the saturation means deviate from 
the average ones to a great degree, which led to a faster detection of the frame. 
 

5 Conclusions 
 

An improved segmentation method using HSV color was presented for face detection 
in video footages. Based on it, we constructed a face detection system that can detect 
more than 95 faces out of 100 successfully. We demonstrated its application to image 
retrieval from video data. 
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orig. image RGB HSV YCbCr 

(a)

(1,1,1), 15% (2,1,2), 7% (1,2,2), 4% 

(b)

(2,1,1), 10% (5,1,1), 4% (1,5,5), 2% 

(c)

(2,1,1), 14% (2,1,1), 8% (1,5,5), 4% 

(d)

(1,1,1), 13% (10,3,3), 5% (2,3,3), 5% 
 
Fig. 3 Examples of segmented images for RGB, HSV, and YCbCr, where three values in the 
parenthesis are weights on the color components and the fourth value is the segmentation error. 
 
 
 
 
 
 
 

168 O. Ikeda



    

 
Fig. 4 100 frames of the video footage used for our face detection experiments, which was 
created by editing video footages from various news programs. 
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(a) (b) 

 
Fig. 5 Two patterns used as typical face. 

 

    

 
Fig. 6 Segmention results that include successfully segmented 97 face images and three failed 
ones on the 18th, 19th and 44th frames.  
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