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Abstract: This paper based on  the face detection framework 
proposed by Viola and Jones 2001. There are three key 
contributions. The first is the introduction of  a new image 
representation called the “Integral Image” which allows the 
features used by  oue detector to be computed very quickly. 
The second is a learning algorithm, based on AdaBoost, 
which selects a small number of critical visual features and 
yields extremely efficient classifier. The third is embedded 
system. This converts a non-embedded system  into a 
embedded system. 

1 Introduction
In this paper, we propose a face detection algorithm using 
embedded system. Generally, face detection algorithms are 
degraded by changing illumination in an image. To avoid this, 
we use the Adaboost algorithm for face detection. Adaboost is 
a very rapid and robust algorithm. We exploit the intel pxa 
320 type’s board as the target board of embedded system.  

2 Harr Basis Function
To acquire the features of given face images, we use the Haar 
basis function which is based on rectangular features[2],[4]. 
An example of rectangular feature is shown in Fig1.  

<Figure 1> two, three, four Rectangle feature 

Basically, those regions have the same size and shape. The 
value of a two-rectangle feature is the difference between the 
sum of the pixels with in two rectangular regions. A three-
rectangle feature computes the sum within two outside 
rectangles subtracted from the sum in a center rectangle.  
Finally a four-rectangle feature computes the difference 
between diagonal pairs of rectangle. Given that the base 
resolution of the detector is 24x24, the set of rectangle 
features is 45,396. 

3 Integral Image
Rectangle Features can be computed very rapidly using an 
Intermediate representation for image which we call the 
integral image. As a result, The integral image very rapidly 
computes the features which use a harr basis function. The 
location x, y of  The integral image  contains the sum of the 
pixels. Therefore, The values of the integral image are 
followed this equation:  

Where ii(x,y) is the integral and  is the original image. 

<Figure2> The value of the integral image at point (x,y) is 
the sum of all pixels 

The value of the special region using the integral image is 
computed  this method. For example, The sum of pixels 
within D regions   can be computed this method. The sum of 
pixels within D regions   can be computed with four array 
references. The value of the integral image at location 1 is 
sum of the pixels in rectangle A. The value at location 2 is A 
+ B, at location 3 is A + C, and at location 4 is A + B + C + D. 
Consequently,  the sum within D can be computed as 4 + 1 – 
(2 + 3).  

<Figure3> The sum of pixels within rectangle D: 4 + 1 – (2 
+ 3) 

4 Adaboost 
We use the Adaboost algorithm as a face detection algorithm.
This algorithm classifies face images using simple features. 
Those simple features are acquired to use the Haar basis 
function which is based on rectangle features. After finding 
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adequate face features using the Adaboost algorithm, a strong 
classifier can be obtained by combining those weak classifiers. 
The learning procedure, the error of the selected weak 
classifier is set up in inverse proportion to weight.  Therefore, 
next learning weak classifier classifies better than current 
learning weak classifier.   
Figure 4 shows selected features by Adaboost. The Table 1 
shows a process of AdaBoost [1-3],[5-7]. 
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<Table 1> The boosting algorithm of Adaboost 

<Figure4> The selected feature by adaboost 

Figure 5 shows an example of the Adaboost result.  

<Figure5>  Adaboost result 

5 The Porting Of Embedded System
An embedded system and a non-embedded system has a 
difference of an environment. Therefore, A proper translation 
process essentially is required. It follows that: 
1) An Wince(Platform Builder) installation in a PC(non-
embedded system) 
2)  The constituted component installation of a target board 
and execution binary file constitution in a platform builder. 
Figure 6 shows the constituted component of a target board 
and the sector of execution binary file constitution(NK.bin, 
Nk.nb0).  

<Figure 6> The constituted component and execution 
binary file 
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3) The sdk setting/installation of a target board  in a platform  
builder. Figure 7 shows composed sdk file of the target board. 

<Figure 7> composed sdk file 

4) The development tools(EVC4.0) setting. Figure 8 shows an 
application test in an EVC4.0   
 Development Tools: WINCE (Platform Builder) and 
EVC(Embedded Visual C++), etc… 

<Figure 8> EVC4.0 test 

5) The communication setting between a pc and a target board 
and boot-loader setting.   
6) The execution binary file setting in A Target 
board(Ethernet or usb communication use). Figure 9 shows 
NK.bin file downloading within a target board 

<Figure 9> NK.bin file downloading 

7) An application test of target board. 
Figure 10 and  11  show the specification of target board and 
the hardware, respectively.  

<Figure 10 > A specification of target board 

<Figure 11> A hardware of a target board  

6 Conclusion 
We propose a system of face detection in embedded 
environment. The difference of extracted detection results of 
a embedded system and non-embedded system doesn’t exist. 
The difference is constituting the environment and the 
computing speed.    
Figure 12 shows an application of face detection for the 
embedded system.  The characteristics of this application  is 
decided according to the class of  prepared target board.  
Figure 13 shows detecting rate by threshold.    

<Figure 12> An  example of an  application in a 
Embedded system 
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<Figure13> The Detecting rate by threshold  
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