
1. INTRODUCTION 
 
In the last decade, security systems have been reinforced 
since new advances in technology became available.  
Biometric systems are an example of security systems in 
which new advances in machine learning and soft 
computing are taking the industry to evolve its 
recognition techniques into better ones.  Biometric 
systems based on face recognition have high recognition 
rates when face images are acquired under controlled 
conditions. However, robust face recognition systems 
need to be capable of operate under uncontrolled 
conditions of pose, illumination, and facial expression 
(PIE) [1]-[8].  Two of the most important face recognition 
methods currently used are the eigenface and Fisherface 
methods. The eigenface method, also known as principal 
component analysis (PCA), is an accepted method for 

vector feature representation in face recognition [9]. PCA 
is a popular method in pattern recognition and is quite 
often referred to as Karhunen–Loève transformation 
(KLT). The PCA approach exhibits optimality when it is 
applied to reduce the dimensionality of a feature vector 
[9]. Face recognition methods have strong foundations 
with almost 30 years of research in the field; however, 
face recognition under PIE variations have not achieved 
100% of recognition rates.  Therefore, new schemes need 
to be explored.  Moreover, robotics and biometric 
technologies are becoming 

in robotics [14-15], we propose an interdisciplinary 
project between the areas of mechanical, software, and 
electrical engineering.  The proposed collaborative 
architecture involves robotics and pattern recognition 
fields into a mobile face recognition robotic system as 
shown in Figure 1. We propose the KLT (PCA) approach 
to map an original feature vector to a new feature space.  
Then we improve the traditional face recognition methods, 
trough the incorporation of fuzzy logic theory, based on 
facial features [10-11].  The incorporation of such 
features is based on studies related to face recognition on 
newborns [3]. The feature vector used to achieve face 
recognition is a combination of the facial feature lines and 
eigenvectors computed through the KLT.   
 
Two novel face recognition-classification methods are 
presented in this paper.  One method is based on the 
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Euclidean distances of the feature vector in the KLT 
hyperplane, and other method based on fuzzy clustering 
and the Abonyi’s and Szeifert’s classifier.  The 
performance of the face recognition system is evaluated 
by comparing the two classification methods,  while the 
performance of the mobile robot is measured through 
speed control analysis.  We also discuss the collaboration 
between the mobile face recognition and the human being.  
In Section 2 is presented the mobile robot design.  The 
features extracted from facial images are explained in 
Section 3, while in Section 4 is presented the 
classification algorithm based on fuzzy theory.  In Section 
5 is explained the collaborative scheme, and finally, in 
Section 6 conclusions are drawn.  
 
2. MOBILE ROBOT HARDWARE DESIGN 
 
In our robot we propose the usage of a “differential” 
configuration because of its simplicity.  Such 
configuration involves two motor wheels and one or more 
free wheels, which provides the robot with motion 
stability.  Using such configuration, every turn is achieved 
through independent motor speed variations.  In Figure 2 
a) is described graphically the differential configuration. 
In Figure 2 b) is shown the proposed hexagonal shaped 
chassis design, which was selected for simplicity in robot 
prototyping and also due to the space constraint produced 
by the batteries, the printed circuit board (PCB) and the 
motors.   
 
Robot’s motion is provided by the direct current (DC) 
motors.  In this research, the best choice was the GM2 
model since the operation voltage is low, extending the 
battery duration due to the low power consumption.  This 
motor also provides a very good torque-velocity response. 

 
Figure 2. a) Differential Configuration; b) Dimensions. 
 
The control of the robot’s motion is achieved using 
“motor encoders”, sensing each motor.  Then this 
information is sent to a microprocessor (microcontroller).  
The microcontroller creates a closed loop by sending 
feedback (voltage) indicating the motor to stop, or to 
continue, as explained in Figure 3.  Such feedback is 
performed through a driver (L298N), which was selected 
because of its performance, fast response, low voltage 
consumption, and compatibility with the GM2 motors.   
 

 
Figure 3.  Motion Control Architecture. 

Figure 1.  Proposed Scheme for a Mobile Face Recognition System in Non-Cooperative Environments. 
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where [ ]Ti,ni,i v,...,v1=v  denotes the center of Gaussian 

functions, and Fi is equal to the diagonal of the matrix 

that contains the variances 2 j,iσ . Equation (8) defines 

how the membership functions ( )kiA x  are created.  

These functions are generated by projecting the data of 
the created clusters, its centroids vi, with the diagonal of 

the matrix containing the variance of the cluster, 2
i,jσ .  

The centroid of the i-th cluster will be the same as the 
center of the i-th Gaussian function; therefore, the number 
of clusters is the same as the number of functions.  
 
In this work we utilize a cluster quality validation 
function, S, proposed by Xie and Beni [11] that is 
designed to measure the overall average compactness and 
separation of the fuzzy partition.   
 
4.2 Abonyi’s and Szeifert’s GG Algorithm 
 
The fuzzy classifier can be summarized with the 
following steps. 
 

Step 1.  Given a set of data kx  where T
k k k⎡ ⎤= ⎣ ⎦x x y , xk 

denotes the vector to be classified, and yk denotes 
the class corresponding to xk.  Use the GG 
clustering algorithm [18], in order to obtain 

[ ]cxNk,iμ=U .   

Step 2.  Once we have the fuzzy matrix U we can start the 
design of the fuzzy model, similar to the Takagi-
Sugeno, where the rules of the fuzzy model are 
added using the formula for a normalized fuzzy 
mean.  First we calculate the activation grade of 
the rules β  with (6).  Then we compute the 

output of the classifier with (7).  The membership 
functions are evaluated with (8) and the rule 
weight is computed with (9).  

4.4 Testing the Abonyi’s and Szeifert’s GG 
Algorithm 

 
The proposed method combining FFL, GG clustering 
algorithm and Abonyi-Szeifert’s classifier was tested with 
the ORL database. In the design stage, 8 out of 10 faces of 
40 persons were used in the GG clustering algorithm. 
During the verification the other two faces of each 
individual was submitted to the face recognition system.  
The system had a performance of 90% of correct 
classification. When the FFL are removed from the 
feature vector the performance drops to 88.5%.  Also the 
proposed method was tested with the Yale database. In 
the design stage, 8 out of 10 faces of 10 persons were 
used. During the verification the other two faces of each 
individual was submitted to the face recognition system. 
The system had a performance of 89% of correct 
classification. When the FFL are removed from the 
feature vector the performance drops to 85%. 
 
5. CONCLUSIONS 
 
We have proposed a collaborative environment (Figure 8) 
for a mobile face recognition robotic system (Figure 1). 
We discussed the unique design of a mobile robot, as well 
as the control methodology for motion speed.  The 
implementation of Proportional control demonstrated very 
good results.  For the face recognition methodology we 
proposed the KLT (PCA) to map an original feature 
vector to a new feature space.  Using fuzzy logic theory 
along with the incorporation features based on studies 
related to face recognition on newborns we improved 
traditional face recognition methods.   
 
Two face recognition classification methods were 
described.  One is based on the Euclidean distance of the 
feature vector in the KLT space, and other based on fuzzy 
clustering and classification.  The Euclidean distance 
classifier obtained a correct classification performance of 
91% keeping the 25 largest eigenvectors and 95% if the 
face feature lines are included.  Fuzzy clustering and 
classification systems, illustrated in Figure 1, reached 
88.5% of correct classification using a feature vector 

 
Figure 8.  Interaction between Human, the Computer, and the Mobile Robot.  Proposed Collaboration. 
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