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Abstract: The artistic style drawing research of face image is an important task in portrait processing field, 
which has an important scientific significance and practical value. This paper proposes several face recognition 
stylize methods based on sensor technology. If starts from multi-sensor image fusion technology, the face 
recognition method based on decision-based fusion of CCD image and red holograms; using correlative image 
sensor to build three-dimensional face imaging system; the face recognition based on sensor technology and 
ASM algorithm, as well as the combination of ODVS and several PTZ devices to realize face recognition 
methods, which getting widely used on the aspect of cartoon image making and animation style design. 
Copyright © 2013 IFSA. 
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1. Introduction 
 

During the recent ten years or so, with the rapid 
development of face recognition technology, face 
recognition technology has gradually been 
widespread concern in various industries. And its 
applications in animation industry also become more 
and more, which including cartoon image making, 
animation style design and so on. 

Image fusion on face recognition general divides 
into three levels: that is pixel-based fusion, feature-
based fusion and decision-based fusion. Where pixel-
based fusion mainly used for the fusion of 
homogeneous sensor images, which often requests 
between the remained to be fused image data should 
exist a certain similarity, and the pairing between 
images should be strictly. Characteristic- based 

fusion mainly used for the fusion of heterogeneous 
sensor images [1]. Because introduced information 
loss when extracted characteristic vectors form 
original images, the accuracy of fusion results 
decreased on a certain extent. Decision-based fusion 
is an information fusion of high level, that is every 
sensor makes independent judgment based on itself 
image data primarily, then combined these decisions 
to form final judgment, which applies for the fusion 
between sensor image data with large characteristic 
difference, such as CCD image, fusion infrared 
thermogram and three-dimensional real time face 
imaging, etc. 

This paper makes an introduction aims to the 
application of different face recognition method to 
different sensor technologies, and at the same time 
simple analyzes the application prospect of face 
recognition technology in cartoon industry. 

Article number P_1676



Sensors & Transducers, Vol. 161, Issue 12, December 2013, pp. 631-637 

 632

2. Face Recognition Technology 
 

Face recognition technology is biological 
recognition technology based on the human’s facial 
characteristic information to process identity 
recognition. Using vidicon or camera to collect facial 
images or video streamings, and detect and track face 
in the images automatically, and then process a series 
of facial correlation techniques to detected  
faces, usually named portrait recognition, face 
recognition [2]. 

Face recognition system mainly includes four 
constituent parts: face image acquisition and 
detection, face image processing, face image 
characteristic extraction as well as matching and 
recognition, respectively. 

Nowadays face recognition system is widely used 
in the industries of bank, media, army, public security 
organs, intelligent building, animation and so on.  
 
 

3. Multi-Sensor Image Fusion 
Technology Recognizes Modules  
for Basic Faces 

 
This paper starts from multi-sensor image fusion 

technology, adapting the face recognition method 
based on the decision-based fusion of CCD image 
and infrared thermogram, and building a face image 
library of forty people to process face recognition 
experiments thus improve the recognition rate. Fig. 1 
is the face recognition flow chart based on decision-
based fusion. 
 
 

 
 

Fig. 1. Face recognition flow chart based on multi-sensor 
image fusion technology. 

 
 

Face detection algorithm based on complexion is 
starting from multi-sensor image fusion technology, 
adapting the face recognition based on the decision-
based fusion between CCD image and infrared 
thermogram. 

At first, making light compensation processing to 
offset the color deviation in the whole image. Then, 
establishing practical skin-color clustering models in 
YCbcr space. According to face skin models, this 
paper adapts the method based on 81 % similarity to 
detect face areas. The algorithm is: 
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where ( ) , ( )r R R G B b B R G B      , thus 

obtains possible face-existing areas, and marks with 
rectangle. Then, processes edge extraction to face 
areas, according to color information to reject false 
characteristic, and extracts characteristic areas such 
as eyes, noses and mouths with PCA template and 
geometrical features. Finally according to 
characteristic areas, through normalization 
processing, adaption includes 35 characteristic values 
contains eyes, noses, mouths, top collars and collar 
bands to represent a face image, and uses nearest 
neighbour classifier to process face recognition. 

The similarity distance measurement definition 
between face samples and representment vector U 
and V of characteristic library is: 
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In the face recognition experiments based on 

CCD image, algorithm is: 
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4. Three-Dimensional Face Imaging 

Based on Corrective Image Sensors 
 

This method is using a three-dimensional real 
time imaging system based on CIS to obtain three-
dimensional face data, enough depth and surface 
information to solve the problem of three-dimension 
data obtains not enough. Its schematic diagram of 
imaging system is as follows, see Fig. 2: 

Suppose the training set of face image is C.C 
totally has m face objects, each object all have n face 
image. Attention each image contains depth data 
(represent as Depth) and gray data (represent as Intn). 
Imaginary unit is represented by i, so the three-

dimensional face image kI  of K (1≤k≤n×m) can be 

showed as: 
 

 indepthI kkk  int
 

(4) 
 

Mean value I under all training set image complex 
field can be expressed as: 
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Fig. 2. Schematic diagram of three-dimensional real time 
imaging system. 
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where qpI _  represents the Q image of the P object in 

training set. 
The overall spread matrix S of face training  

set C is: 
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where kI  is the K training image, I  is the average 

value of training samples, n×m is the scale of  
training set. 

According to the overall spread matrix, through 
singular value decomposition method to determine a 
group of orthorhombic characteristic vectors: 

tuuu ,...,, 21  and its corresponding characteristic 

values: t ,...,21, . Where 1 2 ... t     . 

Before selecting, the first d(d< t) nonzero 
characteristic values corresponding characteristic 
vectors are orthogonal basis. d called as feature 
dimension N. Arranging the orthogonal basis as 
image array, obtained image called feature face. In 
the word space E consists of feature faces, face 

sample kI  can map to ky . By this idea, transmits an 

image in high-dimensional space to characteristic 
data in relatively low dimensional space, which 
realizes the extraction of image characteristic [4]. 

k
T

k IEy  ,according to the above feature 

extraction, each training face image all corresponding 
a d×1 dimensional column vector to save its feature 
information. Training set all have m×n images, so 

finally obtains matrix },...,,{ 21 nmyyyY  , saves 

the feature information of all training images. Any 

recognition face image tI  can through algorithm 

k
T

k IEy   extracts its feature value, and saves as 

ty . Using the nearest neighbor classifier of 

Euclidean distance, definition: 
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If satisfies: 

 
 YyyyDistyyDist cctrt ∈= )],(min[),(  (8) 

 

Then rt yy ,  belongs to the same kind of object. 

That is remained to be recognition face tI  is the 

same kind of object with training image rI . 

Complex field Fisherface face recognition method 
is an idea based on linearity distinction analysis. On 
the basis of forestall Eigenface to face library 
dimensional reduction, adapts Fisherface method to 
further classify the extracted feature y. At first, the 
population average y of complex field feature in 
training set can be expressed as: 
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In addition, the average value of the p complex 

field face image feature can be expressed as: 
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So the within-class scatter wS  and between-class 

scatter bS  can be respectively represented as 

follows: 
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where n is the image numbers of p kind of object. 

The optimal mapping matrix optW  can be expressed 

as: 
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Finally by the feature ky  of complex field 

mapping on the FLDA transformation space, extracts 

new feature vector kv . Specifically expressed as 

follows: 
 

 
k

TT
optk

T
optk IEWyWv ==

 
(14) 

 

The dimensional reduction feature ty  of any 

remained to be recognition face image extracts its 
feature information through complex field Fisherface 

method, saved to tv . The same adapts the nearest 

neighbor classifier based on Euclidean distance  
to define: 
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If satisfies: 
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Then rt yy ,  belongs to the same kind of object. 

That is remained to be recognition face tI  is the 

same kind of object with training image rI . 

 
 
5. Face Recognition Technology Based  

on ODVS 
 

In order to obtain a better face recognition image 
under unconstraint circumstance, designing a multi-
vision sensor fused device to obtain a better front and 
side face image used for face recognition [5]. 
 
 
5.1. The Design of Front and Side Face 

Image with Multi-Sensor Fusion 
 

Body tracking detection and capture device with 
multi-sensor fusion is as follows. 

An ODVS device is installed above the Fig. 3 
central position, using the feature of ODVS can 
capture the panoramic video image to obtain the 
video image over the monitoring scope, and then 
tracks the multi-object bodies to panoramic video 
figure to obtain the space positional information of 
monitoring body objects respectively; then according 
to the mapping correlation chart of space position to 
control high speed balls in five different directions 
capturing the head portrait of monitoring body 
objects. And system screens and preprocess the 
captured hand portrait, if detects the images available 
for face recognition, then quit the tracking and 
capturing of this object, finally processes face 
recognition; conversely, continues to track and 

capture, until obtains the images available for face 
recognition. To realize object, at least to achieve 
following steps: 1) multi-objects body tracking;  
2) information fusion of ODVS and high speed balls; 
3) recognizable face image primarily screening. 
 
 

 
 

Fig. 3. Face image acquisition device  
with multi-sensor fusion. 

 
 

Even in the situation of body desynapsis and 
unconstraint, this body object tracking and capturing 
device of multi-sensor fusion can also get better 
positive images, and provide better image data for 
face recognition, thus improve the practical level of 
face recognition technology. 

 

 
5.2. Face Detection 
 

In face detection, skin color is an important 
feature, and face detection based on skin color is also 
a simply and fast method. In skin color detection, 
common color models are: YUV, YIQ, HIS, HSV, 
YCrCb and so on, where the skin color detection 
method based on YCrCb color model processes a 
better clustering feature, through this color model to 
detect the skin color areas of the images. Its 
principles are as follows: 

Skin color areas divided by non-linear section 
skin color in CrCb space is similar to ellipse, which 
can be expressed as: 
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where cx =109.38, cy =152.02,  =2.53(radian), ecx 
=1.60, ecy =2.41, a =25.39, b =14.03. 
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If the left algorithm of algorithm 17 larger than 1, 
then it’s not skin color, otherwise, it is. Although the 
skin color division result of elliptical clustering 
method is better, to the areas with low light can easily 
misjudged to skin color, to the areas with high light 
can easily misjudged to non-skin area. Aims to these 
disadvantages, first processes subsection judgment to 
luminance information, thus overcomes the 
disadvantages in high light areas and low light areas: 
1) To the light lower than 80 pixel, directly judged to 
non-skin pixel; 2) To the light between 80-230 pixel, 
adapts complexional elliptical clustering method; 
3) When judged the light larger than 230 pixel, 
expands the axial ratio of ellipse to 1.1 times  
of the primary. 

Based on the device fused the ODVS and multiple 
PTZ, using ODVS to track and detect the wide range 
and multiple body objects in dynamic image 
sequences, obtains the information such as position 
and size of the tracked body objects within large 
areas; then according to the detected information to 
control the capturing of multiple high speed ball 
vidicon to object head portraits in different 
directions, finally according to the face feature of 
body object detected by face and eyes detection 
formula to screen shot images, eliminates some 
unrecognizable images, and statistics images 
numbers available for face recognition, if it not reach 
the certain number, then controls high speed balls 
continue to capturing the head portrait of body 
objects, until captures enough images which available 
for face recognition. 
 
 

6. Face Recognition Based on Sensor 
Technology and ASM Algorithm 

 
6.1. Correlation Technique 
 

Active shape models is a kind of shape 
description technique, is a shape statistic model put 
forward by Cootes to solve the automatic search in 
images, which is widely used in medical image 
processing, math image understanding and computer 
vision and so on. 

Because the average shape models from ASM 
training can cover all kinds of face geometric profile 
space completely, which has a high positional 
accuracy; at the same time, the rate of convergence is 
relatively fast in adapting gray level and gradient 
information shape models, and the probability of 
convergence is also improved. 

A group of characteristic lines is defined as a pair 
of direction vector, one is located in source image, 
the other is in objective image. Thus from source 
image to objective image exists a mapping. 
Definition is as follows: 
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In the algorithm, X is represented a point in 
source image, PQ is represented the characteristic 
line pairs in source image, X is a point in target 
image. ,Q P   is the characteristic line pairs in 

objective image. The image below is the schematic 
diagram based on a group of characteristic line pairs: 
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(a) Objective image
 

(b) Source image
 

Fig. 4. Schematic diagram based on a group  
of characteristic line pairs. 
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Fig. 5. Schematic diagram based on multiple groups  
of characteristic line pairs. 

 
 

The key of multiple groups of lines is to 
determine the weight of each line pair. Because every 
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point in the target image should calculate once 
according to each group of line pair, so the weight of 
line pair is relatively important. The weight formula  
is as follows: 
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where length is the length of segment in line pair, dis 
is the shortest distance from pixel to segment; ab, q is 
parameters, the values can be modified to change the 
influence between line to line, the value of a impacts 
the smoothness after transformation, the bigger the 
value is, the smoother it will be; the value of b 
determines the influence degree from distance to line 
pair, the scope of b in [0.5,2] will obtain a better 
effect; p is a number between0~1,if p=o, then all the 
weight between line pairs is the same, if p=1,the 
longer the segment is ,the heavier the weight is. 

In Fig. 5, X' is the pixel location of source image, 
X is pixel location of target image, v1, v2 is the 
distance between pixel to segment respectively. 
 
 

7. The Application of Face Recognition  
in the Cartoon Industry Based on 
Sensor Technology 

 

Digital animation gradually become a large 
consuming subject of the information age, with the 
rapid development of carriers such as mobile phones 
and network, the content of animation presents a 
tendency of numerous and changeful and demand 
exceeds supply.  

In foreign countries, the yearly value of digital 
animation industry has also exceeded to two hundred 
billion dollars, the production value of circumstance 
derive products related to animation industry is also 
quite high. The games, animation short films and 
other animation contents based on mobile phone are 
developing rapidly. 

Face is the most direct approach for face to face 
communication, so the animation media contents 
themed by face are popular among the majority  
of users.  

Using the humor portrait generated automatically 
of face recognition technology and animation images 
have been widely used in the fields such as animation 
entertainment, mobile internet entertainment, 
polyphonic ring tone, MMS generation, animation 
production, movie and TV media. Which adapts 
animation portraits generated by face recognition, if 
adjusts it and adapts text or voice drive to compound 
videos, then it can be compounded to greeting cards 
or MMS. 

 
 

7.1. Example – “Portrait Showing” 
 

“Portrait showing” is an application which can 
recognize images and generated animation images 
automatically. This production adapts advanced face 

recognition technology, and combines fashionable 
animation elements at present, compared with 
numerous DIY cartoon image application currently, 
its advantage is using portrait automatic identification 
technology. The best shine is: making users 
experience the interest of DIY cartoon animation 
images as well as experience the pleasant sensation 
of “automatic identification of a key”. Its interface is 
showed as Fig. 6: 
 
 

 
 
 

 
 

Fig. 6. Interface of portrait showing. 
 
 

8. Conclusion 
 

This paper introduces the face recognition method 
based on decision-based fused of CCD image and 
infrared thermogram starting from the multi-sensor 
image fusion technology; uses three-dimensional real 
time face imaging system consists by correlation 
image sensors and based on ODVS to realize face 
recognition method and so on, these methods get a 
good application on the aspect of face animation 
automatic generation based on individuation of 
pictures. The face recognition technology 
automatically generate to humor portraits and 
animation images have been widely used in the fields 
such as animation entertainment, mobile internet 
entertainment, polyphonic ring tone, MMS 
generation, animation production, movie and TV 
media. The complexity of method operation is low, 
the accuracy is high and practical is good, the using 
of face recognition has a good application value to 
the development of animation industry. 

Meanwhile, face recognition technology not only 
gets development in animation industry, but also has 
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a great importance in many fields such as the security 
and attendance of organs and units, network security, 
bank, customs frontier inspection, logistics 
management, armory, ammunition depot security, 
computer login system, such as, public security 
monitoring, prison monitoring, judicial identification, 
civil security, in-out port control, custom identity 
checking, bank test key, intelligence ID card, 
intelligence threshold, intelligence video 
surveillance, intelligence in-out control, license 
checking, authentication of cardholders of all kinds 
of bank cards, credit cards, deposit card and so on. 

 
 

References 
 
[1]. P. Sinha, T. Poggio, Last but not least: “United” we 

stand, Perception, Vol. 31, Issue 1, 2002,  
pp. 133-133. 

[2]. Duan Jin, Zhou Chunguang, Liu Xiaohua, Research 
progress of three-dimensional face recognition , 
Journal of Chinese Computer Systems, Vol. 25, Issue 
5, 2004, pp. 886-890. 

[3]. Zhu Changhua, Wang Runsheng, Multi-pose face 
recognition algorithm based on single view, Chinese 
Journal of Computer, Vol. 26, Issue 1, 2003,  
pp. 104-109. 

[4]. Chen Huajie, Wei Wei, Multi-pose face recognition 
algorithm based on correlation sub-domain mapping, 
Journal of Image and Graphics, Vol. 12, Issue 7, 
2007, pp. 1254-1260. 

[5]. Wang Ye, Wu Xiaojun, Wang Nvtong, Yang Jingyu, 
Facial expression recognition based on improving 
initiative shape models, Computer Engineering and 
Applications, No. 6, 2009, pp. 31-35. 

[6]. N. Damera-Venkata, T. D. Kite, W. S. Geisler, et al., 
Image quality assessment based on a degradation 
model, IEEE Transactions on Image Processing, 
Vol. 4, Issue 4, 2000, pp. 636-650.  

 
___________________ 

 
2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 


