
YUFEI HOU et al: THE APPLICATION OF COMPUTER VISION AND MACHINE LEARNING TECHNOLOGY IN  . . . 

DOI 10.5013/IJSSST.a.17.24.02                                            02.1                            ISSN: 1473-804x online, 1473-8031 print 

The Application of Computer Vision and Machine Learning Technology in 3D 
Human Animation 

 
Yufei Hou1, Lei Yang2 

 
1 Hunan Institute of Technology 

Hengyang, Hunan, China 
2 Hebei Arts and Design Academy 

Baoding, Hebei, China 
 

Abstract — Face detection and recognition tracking technology is an important issue in the field of robot vision research. Feature 
extraction and matching algorithm based on SURF can deal with the problem of matching between the two images, which are 
translation, rotation and affine transformation. This paper introduces the SURF algorithm basic principles, and the combination of 
the algorithm and the cascade classifier used in face detection and recognition. Then we use open source function library 
programming with the XBOX360 visual sensor Kinect image acquisition in the laboratory, which has yielded very good results for 
face recognition. The experiments show that the SURF algorithm has strong robustness to the change of face size, rotation and 
illumination. 
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I. INTRODUCTION 

With the continuous development of science and 
technology, the continuous expansion of computer 
application field, a kind of brand-new image treatment 
methods emerge as the times require, this is the digital image 
processing technology, namely the use of computer 
equipment will image is transformed into digital information 
in order to save, processing, transmission and reproduction. 
Digital image recognition technology is an important 
research direction which extends from the digital image 
processing technology. At present, the application of digital 
image processing and recognition is more and more widely. 
But in terms of the current level, the external perception of 
the computer is still relatively weak, but also need to invest a 
lot of manpower and material resources in digital image 
processing and recognition of the theory and application of 
research. There are many kinds of image processing and 
recognition applications, such as fingerprint identification, 
barcode recognition, face recognition, license plate 
recognition, mutilated paper currency recognition and so on 
in life, production, and the police cracked the case has many 
important applications. Digital image processing method of 
classification and digital image processing system of the 
basic components, the basic method of digital image 
processing, "face recognition" and "old paper money 
recognition" are described in detail. Some of the basic 
methods of digital image processing, including image 
enhancement and image detection part two. Face recognition 
", can use the method of SN-tuple neural network 
identification, and change of network parameters on the 
recognition rate will be affected. For the "old paper money 
recognition", can choose edge detection, Fisher discriminant 
analysis and neural network method to identify three. The 
edge detection is needed to distinguish the face value of the 
notes and the pros and cons before recognition, but is stable 
in performance, recognition effect better; Fisher discriminant 

is no need to distinguish between the face value of the notes 
and the positive and negative, but the recognition rate is 
affected by the sample selection effect, different samples, the 
recognition rate may differ greatly; neural network method 
can also do not distinguish between the money's value and 
sides, but the recognition rate is low, if the distinction 
between value and sides, get higher recognition rate. The 
following are of license plate recognition, gesture 
recognition and recognition of bank notes do statement. 

II. THE BASIC PRINCIPLE OF SURF 

ALGORITHM AND CASCADE CLASSIFIER AND 

HOW TO USE IT 

A. The Basic Principle of SURF Algorithm is Proposed 

As a Scale Invariant Feature Transform algorithm (Sift 
algorithm) accelerated version, Surf algorithm in a moderate 
condition to complete the two images in the matching of the 
object to achieve the basic real-time processing. The SIFT 
algorithm of the three processes, (1) extract the key points; 
(2) the key point additional detailed information (local 
features) is also called descriptor; (3) by two feature points 
(included the key points of the feature vector) pairwise 
compared to find the matched if dry of feature points, 
establishes the correspondence between scene. Key points 
and key points of additional detailed information (local 
features) is the so-called descriptors can be referred to as the 
generation of SIFT feature extracted, namely from multiple 
images extraction of scaling, rotation, brightness change 
independent vectors. Then, SURF algorithm is based on how 
the principle can quickly and accurately identify the feature 
points and match, which is a problem that this paper will 
study. 

B.   The Principle of Cascade Classifier is Proposed 

The research on face detection can be traced back to 
1970s, and the early research mainly focuses on template 
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matching, subspace method, deformable template matching, 
and so on. Recent research on face detection mainly based on 
data driven learning method, such as the statistical model 
method, neural network learning method, statistical theory 
and support vector machine method, method based on 
Markov random fields, and based on the color of the face 
detection. Face detection methods currently used in practice 
for the method of learning algorithm based on cascade 
classifier. So what is the cascade classifier method, but also a 
focus of this study. 

With the rapid growth of China's national economy, the 
scale and flow of motor vehicles have increased 
significantly, and the management problems have become 
more and more serious. Therefore, the urgent need to use 
high-tech means, the registration of these illegal vehicle 
license, vehicle license plate recognition system has become 
an essential weapon for traffic control. Vehicle license plate 
recognition system has important application value in public 
safety, traffic management, and related military departments. 
It is an intelligent traffic management system based on 
digital image processing and character recognition, the 
system first through the image acquisition, the image 
processing in order to overcome the image interference, 
improve the recognition effect, then binarization, the 
normalization and recognition. License plate recognition 
system makes the vehicle management more digital, 
network, and greatly improve the efficiency and convenience 
of traffic management. License plate recognition system as a 
part of the whole intelligent transportation system, its 
importance is self-evident. 

License plate recognition is a related to the technology of 
digital image processing, computer vision, pattern 
recognition, artificial intelligence and other disciplines, it 
occupies a very important position in the traffic monitoring 
and control has become one of the focus and hotspot of the 
research in the field of modern traffic engineering. The 
application prospects of the technology widely, for example 
it is used in the automatic toll collection system, parking fee, 
stolen vehicle search, parking vehicles management, special 
department vehicle access control and so on. License plate 
recognition generally can be divided into license plate 
location, license plate character segmentation and character 
recognition of the three main components. Through the 
research of the key technologies of license plate recognition, 
in recent years, the analysis of some typical license plate 
recognition algorithm, based on the final determination of a 
series of effective algorithms for the license plate 
recognition. In the license plate location, according to the 
license plate image in HSV color space components range of 
rules, first of all to meet the range of pixel of color filter. 
Then the mathematical morphology processing, formed with 
the license plate color characteristics of connected region. 
Next, according to the shape characteristics of the license 
plate and the texture features of the characters on the license 
plate, and gradually to get the connected area for analysis 
and exclusion, so as to get the license plate region. The 
positioning method has the advantages that the color and the 
texture of the license plate and the license plate character are 
not in accord with the interference texture, such as the grid, 

the frame and the like. In the character segmentation stage, 
this paper in the license plate tilt correction and to determine 
the upper and lower boundaries of the license plate character, 
mainly by means of projection information and prior 
knowledge to determine the position of each character 
segmentation, and according to the character of fracture and 
adhesion were simple and effective theory. For the 
identification of a single character, we use the improved BP 
neural network to recognize the single character after the 
necessary pretreatment. As used in the license plate 
recognition algorithm is generally more complex, it's very 
difficult to use high-level language programming directly, so 
the writing of interface between MATLAB and VC + + to 
realize programming algorithm, and finally write the 
program can out of VC and MATLAB platform independent 
operation. Matlab programming is efficient and flexible, it 
has a powerful, rich built-in function, and its application in 
image processing has a unique advantage. Through the 
interface to call our in MATLAB the write function, do can 
make us free from the tedious work of programming, which 
can concentrate on the research of license plate recognition 
algorithm. 

C. Research on the Effect of SURF Algorithm and 
Cascade Classifier Applied to Face Detection in 
Laboratory 

Algorithm is mainly used in this paper will be given in 
the laboratory environment to detect the two algorithms in 
the home service robot face detection effect, given a number 
of detection. 

Along with the rapid development of communication 
technology and information processing technology, more and 
more paper documents through the digital acquisition device 
is converted into text image, so that text image data can 
quickly transmit in the network, satellite and fax 
communication channel. Therefore, text image has gradually 
has gradually become an important source of information. 
However, the existing text image processing system has low 
automation degree, and the general character is not high, 
which can not meet the requirements of the extensive and 
real-time image processing. Therefore, it is a very 
meaningful research topic to study how to analyze and 
process the text image so as to get the information of the text 
image efficiently and quickly. On the basis of summarizing 
the existing research results, this paper studies the 
recognition and retrieval of text images, preprocessing, 
layout analysis and image recognition. The main work is as 
follows: 1. On the basis of the image gray level distribution 
and structure characteristics of the difference of text image 
recognition based on image information measure of retrieval 
algorithm is improved to construct a based on information 
measure radon transform text image recognition and retrieval 
algorithm. The algorithm comprehensively uses the 
difference between the gray level distribution and the 
structural features of the text image and the continuous tone 
image to retrieve the text image. Experimental results show 
that the proposed algorithm can effectively reduce the false 
recognition rate of text image recognition and retrieval. 2. 
Based on Hough transform text image skew detection 
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algorithm are a tilt detection algorithm of text image based 
on multiresolution Hough transform, the algorithm by 
images of different resolution different accuracy of the 
Hough transform, to obtain the value of the text image 
inclination angle. 

D.   The Introduction and Application of the Basic 
Principles of SURF Algorithm and Cascade Classifier 

Surf algorithm under moderate conditions completed two 
images of the object in the image matching the basic 
realization of the real-time processing, the fast actually only 
a -- integral image Haar derivation. 

Hessian matrix is the core of the Surf algorithm, in order 
to facilitate the operation, assuming that the function f (x, y), 
Hessian matrix H is composed of function, partial derivative: 
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The discriminant value is the characteristic value of the H 
matrix, which can be used to classify all points according to 
the value of the discriminant value, to determine whether the 
point is or not. In the surf algorithm, image pixel L (x, y) 
instead of a function value f (x, y), second-order standard 
Gaussian function is selected as the filter, second order 
partial derivatives is calculated by the convolution between 
nuclear specific, so that we can calculate the H matrix of the 
three elements of the matrix L. So as to calculate the H 
matrix: 
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( , ) ( ) ( )L X t G t I X                       (4) 
L (x, t) is a representation of image in different 

resolution, using Gaussian kernel g (T) and image function I 
(x) in the convolution of the point (x, y) to achieve, the 
kernel function g (T) specifically expressed as shown in 
equation (5), G (T) for the Gaussian function, t for the 
variances of the Gaussian. Similarly. By this method, for 
each pixel in the image and calculate the H determinant 
decision value, and to determine the feature points with this 
value. For the convenience of application, Herbert Bay 
proposed to use the approximate value for modern L. To 
balance the exact value and the approximation error is 
introduced into the weight value, the weight of boron 
changed with scale, then H discriminant matrix can be 
expressed as: 
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E.   Construct Scale Space 

Image scale space is the image in different resolution 
said, by formula (4), a Image J (x) under different resolution 
said can be realized by using the convolution of the Gaussian 
kernel g (T), images sizes generally used the standard 
Gaussian difference to represent. In the field of 
computational vision and spatial scales was a symbol of the 
representation of an image pyramid. Among them, 
repeatedly with Gaussian convolution kernel and repeated 
the were subsampled image function input, this method is 
mainly used for realization of SIFT algorithm, but each layer 
image dependent on a layer of image, and image need to 
reset the size, thus, this calculation method computation is 
larger, and the surf algorithm application increased the size 
of the nuclear image, which is a sift and surf algorithm in the 
use of the pyramid principle. The algorithm can be processed 
at the same time in the scale space, and it is not necessary to 
carry out the two sampling of the image, so as to improve the 
performance of the algorithm. 

 

III. ACCURATELY LOCATING FEATURE POINTS 

A.  Main Direction Determination 

All values are less than the preset value is discarded, the 
number of feature points increased extreme the detected 
decrease, ultimately only a few features will be detected 
strongest. Detection in the process of use and the scale layer 
image resolution corresponding to the size of the filter were 
detected in 3 * 3 filter, for example, the scale one of nine 
pixel image in Figure 2 feature detection and its scale layer 
in the remaining 8 points and in the above and below the two 
scale layer 9 points of comparison, a total of 26 points, 1 
markers characteristic of pixels' x 'value if more than the 
surrounding pixels can be determined the point as the region 
features and schematic diagram as shown in Figure 1. 

 

 

Figure 1. Diagram of the filter 

In order to ensure the rotation invariance , the first to 
feature points as the center, computing radius for 6S (s for 
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feature point scale value) of the neighborhood of the point in 
the direction of Z and Y Haar wavelet (Haar wavelet edge 
take 4S) response, and to respond to these values Fu 
Gaussian weight coefficient, makes near the characteristic 
response of point contribution while away from feature 
points of response with small, followed by 60. The range of 
the response is added to form a new vector, traversing the 
entire circular region, the direction of the longest vector is 
selected as the main direction of the feature points. In this 
way, through the feature points one by one to calculate, to 
get the main direction of each feature point, schematic 
diagram as shown in figure 2. 

 

 

Figure 2. Schematic diagram of the main direction 

B.  Feature Point Descriptor Generation 

First, the coordinate axis is rotated as the key point to 
ensure the rotation invariance. Next to the key point for the 
center to take 8 * 8 of the window. Central black spots in the 
left part of the figure is the key point in the current position, 
each grid represents a key point neighborhood where the 
scale space of a pixel, each pixel's gradient magnitude and 
gradient direction is obtained by the formula, the direction of 
the arrow represents the pixel's gradient direction, arrows 
represent the length gradient modulus value and with a 
Gaussian window on the were weighted arithmetic, each 
pixel corresponds to a vector, length, for the Gaussian 
weights of the pixels, direction, figure in blue circle 
represents a Gaussian weighted range (closer to the key 
points of the pixel's gradient direction information with 
greater). Then, the gradient direction histogram of 8 
directions is calculated on each of the 4 * 4 small pieces, and 
the accumulated value of each gradient direction is drawn, 
and a seed point can be formed. In this graph, a key point is 
composed of 2 * 4 2 seed points, each of which has 8 
direction vector information. This combination of 
neighborhood directional information enhances the ability of 
anti noise, and also provides a good fault tolerance for the 
feature matching with the positioning error, the schematic 
diagram is shown in figure 3. 

 

 
 

Figure 3.  Feature point descriptor. 

 

The basic steps of the target detection method are as 
follows: firstly, the Harr features of the sample (about 
hundreds of samples) are used to train the classifier, and a 
cascade boosted classifier is obtained. The "cascade" in the 
classifier is the final classifier which is composed of several 
simple classifiers. In the image detection, detection window 
sequentially through each level classifier, so in front of 
several layers of detection of most of the candidate region 
has been ruled out, all through the region of each level 
classifier to detect is the target area. 

After the classifier is trained, it can be applied to the 
detection of the region of interest (the same size as the 
training sample) in the input image. Detection of the target 
area (car or face) classifier output is 1, otherwise the output 
is 0. In order to detect the entire image, it is possible to move 
the search window in the image to detect the possible target. 
In order to search for objects of different sizes, the classifier 
is designed to be able to change the size, which is more 
effective than changing the size of the image to be detected. 
Therefore, in order to detect the unknown size of the object 
in the image, the scanning process usually requires a 
different proportion of the size of the search window for a 
few times to scan the image. 

At present, there are four kinds of boosting technology to 
support this kind of classifier: Adaboost Real, Adaboost 
Gentle, Adaboost and Logitboost Discrete. "Boosted" means 
that each layer of the cascade classifier can be used to select 
a boosting algorithm (weighted voting), and use the basic 
classifier to get the. 

According to the above analysis, the target detection is 
divided into three steps: 

1, the creation of samples 
2, the training classifier 
3, using the trained classifier for target detection. 
Specific Internet access method framework can be 

divided into the following three parts: 
In the first part, using the Harr-like feature to represent 

the face, the "integral graph" is used to realize the fast 
calculation of the characteristic value; 

The second part, using the Adaboost algorithm to pick 
out some of the most representative of the rectangular feature 
of human face (weak classifier), according to the weighted 
voting method to the weak classifier is constructed as a 
strong classifier; 
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In the third part, a number of strong classifiers are trained 
to form a cascade classifier, which can effectively improve 
the detection speed of the classifier. 

In practical operation, the cascade classifier is established 
mainly from the following aspects: 

(1) in a 20 pictures from some simple feature (known as 
Harr features) the calculation method is the white area of 
pixel and subtracting the black area, so in the face and non 
face images of the same position, size is not the same, these 
characteristics can be used to distinguish between the face 
and the face. 

(2) the current approach is to use thousands of good face 
images cut, and tens of thousands of pieces of background 
images as a training sample. Training images are generally 
normalized to the size of the 20*20. In this picture, the 
number of Haar features can be used in 10 thousand or so, 
and then through the machine learning algorithm - AdaBoost 
algorithm to select thousands of valid Haar features to form a 
face detector. 

(3) learning algorithm to train a person's face detector, 
they can be used in various occasions. When in use, the 
image is scaled in proportion to the scale, and then the sub 
window of the 20*20 of the zoom image is the face or the 
human face. 

And in the laboratory, when we apply the cascade 
classifier for face detection, we usually just use opencv 
library existing classifier on the line, without the need to 
create your own classifier. 

IV. CONCLUSIONS 

The biggest feature is in line with the people accustomed 
to the operation of data acquisition, and the traditional wear 
color gloves, in the hand do marker data collection more 
paste operation habit of neighbor. The operator is more 
natural in gesture movements. Deficiencies of the system is 

vulnerable to external environment such as light, 
temperature, background color and so on. There are 
relationship between the subjective and the operator's habits. 
There are many applications of image recognition system, 
the one one lists. With the development of science and 
technology, image recognition technology is more and more 
human needs, the importance of visible image recognition 
technology. 
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