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Abstract 
 

In this paper, we propose an efficient algorithm based on 
PCA and LDA combining K-means clustering method, which 
has better accuracy of face recognition than Eigenface and 
Fisherface. In this algorithm, PCA is firstly used to reduce the 
dimensionality of original face image. Secondly, a truncated 
face image data are sub-clustered by K-means clustering 
method based on Euclidean distances, and all small subclusters 
are labeled in sequence. Then LDA method project data into 
low dimension feature space and group data easier to classify. 
Finally we use nearest neighborhood method to determine the 
label of test data. To show the recognition accuracy of the 
proposed algorithm, we performed several simulations using 
the Yale and ORL (Olivetti Research Laboratory) database. 
Simulation results show that proposed method achieves better 
performance in recognition accuracy. 

 

I. Introduction 
 

In recent years, face recognition has become a very active 
research area due to increasing demands of our modern lives. 
Numerous face recognition systems have been proposed[3][4], 
among which, some systems are based on well known 
techniques, PCA[5] and LDA[1]. Eigenface[6] is based on PCA 
algorithm. LDA method can be used not only for classification, 
but also for dimensionality reduction. The most well known 
technique, the Fisherface[2], combine the techniques of PCA 
with LDA. Fisherface is robust to illumination and facial 
expression and has lower error rate than Eigenface[2]. In this 
paper, we propose a modified method of the Fisherface to 
increase accuracy of face recognition. We utilize K-means 
clustering method in each class data after perform PCA 
algorithm. As a result, data are grouped into small subclasses 
which benefit the following LDA algorithm. LDA algorithm 
project data to subspace, which make data grouped more tightly 
and more easily to classify. After LDA, we use the nearest 
neighborhood method to classify the well grouped and 
truncated data. 

The Yale data database and ORL database are the famous 
and commonly used database to benchmark the performance of 
face recognition system. We also test the proposed algorithm on 

these two databases. Simulation results show that the proposed 
method has higher accuracy than Fisherface. 
                    

II. Proposed Method 
 

In face recognition applications, original input face image 
data usually has a high dimension. So PCA can be used 
effectively to extract most discriminating features having small 
dimension than original. Using these features, LDA finds an 
optimal linear projection to low-dimensional feature space in 
which we can separate each class data.  

 However after implementing PCA algorithm, data still 
has great overlaps with other class data. These overlaps make 
LDA work poorly. To solve this problem, we use K-means 
clustering method before LDA. In detail, we set same 
subcluster number in each class and then subcluster data of 
each class using K-mean clustering algorithm as shown in Fig 1. 
Through this process, data are grouped into many small clusters 
in which data is more tightly gathered as before. These closely 
associated subclasses make it easier to find an optimal space to 
classify. Then we label newly all small clusters in sequence. 
Using new subclass labels and LDA, we find a projection from 
data space to feature one. From this projection, we get a low 
dimensional and most important feature data. Finally, we use 
the nearest neighborhood method to classify test data based on 
Euclidean distance. The whole flow chart of proposed 
algorithm is shown in Fig 2. 

 

 
Fig 1. Sub-clustering process using K-means clustering method 

 
Ⅲ. Simulation 

 
We perform simulation using the proposed algorithm in 
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matlab, and test the face recognition performance on two 
databases: 1) The Yale database; 2) The Olivetti Research 
Laboratory (ORL) database.  

The Yale database contains 165 frontal face images 
covering 15 individuals taken under 11 different conditions. 
Each individual has different facial expressions, illumination 
conditions and small occlusion. The ORL database is composed 
of 400 images of 40 persons. Each person consists of 10 
different facial views that represent various expressions, small 
occlusion (by glasses), different scale and orientations. 

 

 

Fig 2. Block diagram of proposed algorithm 

First, we subsample the large image into 30x40 size, then 
use PCA method to reduce the dimension of data. Second, we 
normalize reduced data. Third, we use K-means method to 
subcluster data in each class into a number of subclass. Fourth, 
we use LDA to project the data with the subclass label to the 
feature space. Finally, we use Nearest Neighborhood method to 
classify test data. Because the database is limited, we adopt 
Leave-One-Out method to test algorithms.  

To test the proposed algorithm on Yale database, we 
reduce the dimension of face image to 35 using PCA and 
reduce to 13 by LDA method. Face recognition accuracy is as 
good as 99.4%. Two parameters about data dimension 
reduction are very important to the results of recognition. 
Eigenface method’s final reduced dimension is 30, and the final 
accuracy is 84.85%. Fisherface method’s final reduced 
dimension is 13, and the final accuracy is 98.12%. Compared 
with Eigenface and Fisherface, the proposed method has better 
results and has small data dimension.  

 
Table1. Result on Yale database 

Yale database 
Method Reduced space Best accuracy (%)

Eigenface 30 84.85 

Fisherface 13 98.12 

Proposed method 
(subclass # = 3) 14 99.4 

 
Then we apply the proposed algorithm on ORL database. 

When we set the reduced dimension parameter of PCA to 38, 
and set the second reduced dimension parameter of LDA as 22, 
the final accuracy is 99.5%. The dimension of Eigenface 

method’s final reduced space is 30, and the accuracy is 97.5%. 
The final dimension of Fisher space is 22, and the accuracy is 
99.25%. Compared with Eigenface and Fisherface, the 
proposed method also has better accuracy on the ORL database. 

 
Table2. Result on ORL database 

ORL database 
Method Reduced space Best accuracy (%)

Eigenface 30 97.5 

Fisherface 22 99.25 

Proposed method 
(subclass # = 3) 22 99.5 

 
Simulation results about two databases are shown in 

Table1 and Table2 at each. From the results, the proposed 
method has better performance than Eigenface and Fisherface. 

 
IV. Conclusion 

 
In this paper, we propose the method based on PCA and 

LDA combining the K-means algorithm. After using PCA 
algorithm, the dimension of the data is reduced. However the 
overlaps between classes still exist, which will adversely affect 
LDA algorithm to find an optimal projection space. To 
eliminate the shortage, we use K-means algorithm as the 
subclustering method and label subclasses of each class orderly. 
This process contributes LDA method to seek an optimal 
projection subspace. Although Fisherface, based on PCA and 
LDA, is an effective and robust algorithm. The proposed 
method combining K-means method improves the accuracy of 
Fisherface. From the simulation results on two databases, we 
can conclude that the accuracy of proposed algorithm has better 
accuracy than Eigenface and Fisherface.  

For the future work, we will use other clustering methods 
to improve the performance of proposed algorithm. 
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