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Abstract. An algorithm of PCA face recognition based on topological mani-
folds theory is proposed, which based on the sample sets’ topological character 
in the feature space which is different from “classification”. Compare with the 
traditional PCA+ NN algorithm, experiments prove its efficiency. 

1   Introduction 

Automatic human face recognition is attractive in personal identification, which 
widely used in security, bank and commerce department. Compared with other bio-
metric identification techniques such as fingerprint recognition and retina recognition, 
it is directly, friendly and convenient. So the research of face recognition is become 
very hot[1]. Face recognition Based on geometrical features is proposed by 
D.L.Domoho[2], there are other algorithm such as based on deformable template, the 
character of eyes, neural networks[5][6][7] and the generalized symmetry transform[3]

, In 
this paper we introduced an novel face recognition algorithm based on topological 
manifolds theory[4], experiments prove its efficiency. 

2   Principal Component Analysis(PCA)  

At common ,a face image is described a high dimensional vector in image space. 
Facial image can be regarded as a point in the space. Fig 1. shows this idea graphi-
cally. Because there are strong symmetry structure of face(eyes, nose, and mouth and 
so on),so usually the vectors is relative. We can find that images of a people congre-
gate in a certain area in space. So we can project face images into an array of eigen-
vector, which we obtain from covariance matrix of the trained face images.  

Suppose the face image to be size of L by L, this image can be described as a L2 
high dimensional vector or a point in a space of L2 high dimension. A set of image 
correspond to a set of point. Because the distribution is not at random, so we can 
project it to a low dimensional subspace. PCA is a usual dimension reduction method 
which gives the basis vector for this subspace. Each basis vector is eigenvector of the 
covariance matrix corresponding to the original face images. 
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Fig. 1. Image space 

Supposed 1I ， 2I ……， Is as a training set, its’ average face can be defined by: 
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The margin of a face image and average face is AIY ii −= .Covariance matrix C is 

defined by: 
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Select the maximum M eigenvector, and then get corresponding value of every image: 

)( AIEW i
T
KiK −⋅=     Ki,∀      (3) 

T
KE is the maximum M eigenvector, the range of K  is from 1 to M. 

        

  

Fig. 2. illuminates face reconstruction corresponding to the maximum 10 eigenvector in ex-
periments 

Test image testI  project to face space as the algorithm : 

)( AIEW test
T
KtestK −⋅=   K∀ . (4) 
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3   Algorithm of PCA Face Recognition Based on Topological 
Manifolds Learning 

1) Reduce image space dimension via PCA, project the training image into a low 
dimensional space, and get the new image vector of low dimension. 

2) Form Topological Manifolds in low dimensions space. The method of form 
Topological Manifolds is: 

Consider the training sample set is S , the size of this set is N ,let i=1.  

Step 1:Select an image a  in set S  at random,  

Step 2: Calculate distance between a  and the remain training set }{aS − .  Get 

sample b which is nearest to a .  

Step 3: Form Topological Manifolds A[ i ] used  sample a  and b , let  i=i+1 

Step 4: Abandon image a from set S ,then }{aSS −= , 1−= NN , let a = b  

step 5: if 1=N , the process is complete, otherwise repeat from  step1 to step 5. 

Fig 3 shows the result of different people’s Topological Manifolds 

  

Fig. 3. Different people’s on Topological 
Manifolds 

Fig. 4. The recognition process based Topologi-
cal Manifolds 

3)  Project every test sample iTS  in test set ST _ to image space of the same low 

dimension, and then calculate the distance between the new image vector and every 
people Topological Manifolds. If it lies in the a people’s Topological Manifolds, 
we can confirm it belong to this people. If the test image vector does not lie in any 
people’s Topological Manifolds, we can say we do not recognize this sample  
(Fig 4 demonstrates this process graphically.). 

4   Experiment Result  

In experiments we used both UMIST and Yale database. The image of Yale database 
have different illumination and expression, so we use it to analyse the affection  
of illumination and expression. Meanwhile we use UMIST database to analyse the 
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affection of face position. We compare the traditional PCA+ NN algorithm with 
PCA+ Topological manifolds theory. 

Experiment 1: In Yale database we select 8 people, and select 6 images of every of 
the 8 people to train the neural network. And we test the remain 5 images and the 
other 7people’s images. 

Table 1. Comparison of the efficiency used Yale database 

 Correct rate Rejection rate Error rate 

PCA+ NN  70% 0 30% 

PCA+Topological 

Manifolds 

95% 100% 5% 

Under the variation of illumination and expression, we can see from above table, 
the correct rate of  PCA+Topological manifolds is higher than that of PCA+ NN. Also 
it can correctly confirm all of the unacquainted image. So we can say that, under the 
variation of illumination and expression, PCA+Topological manifolds is superior to 
PCA+ NN. 

 

(a) 

      

(b) 

Fig. 5. The training image (a) and testing image(b) in Yale database 

Experiment 2: In UMIST database we select 15 people, and select 8 images of every 
of the 15 people to train the neural network. And we test the remain 2 images and the 
other 5 people’s images. 

Table 2. Comparison of the efficiency used UMIST database 

 Correct rate Rejection rate Error rate 

PCA+ NN 72.5% 0 27.5% 

PCA+Topological Manifolds 85% 100% 15% 
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Under the variation of face position , we can see from above table, the correct rate 
of PCA+Topological manifolds is higher than that of PCA+ NN. Also it can correctly 
confirm all of the unacquainted image. So we can say that, under the variation of 
illumination and expression, PCA+Topological manifolds is superior to PCA+ NN. 

 

 

(a) 

     

(b) 

Fig . 6. The training image (a) and testing image(b) in UMIST database 

Experiment 3: We test the efficiency between the traditional PCA+ NN algorithm and 
PCA+ Topological manifolds theory when the dimension of eigenvector changed. If 
heighten the size of eigenvector ,recognition rate increased, however complexity 
increased as well. when M>30, the recognition rate do not increase obviously. Be-
cause an algorithm of PCA face recognition based on topological manifolds theory is 
based on the sample sets’ topological character in the feature space which is different 
from “classification”, its recognition rate is much better. 

 

Fig. 7. Comparison of the efficiency when M is changed 

5   Conclusion and Problem  

In the experiment we can draw conclusion below 

1) Face recognition based on topological manifolds do not recognize every people 
not trained, which is better closer to the function of human being. 
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2) When add the new trained sample ,topological manifolds structure of original 
samples do not change. 

3) In our experiments, we must make sure of the preprocess is continuous project, 
otherwise it will affect the efficiency. 

Meanwhile there are some problem existed. When forming Topological Manifolds, 
the size of topological manifolds is important. If the size is bigger ,the chance of a 
image to fall in the topological manifolds increased, which will bring increase of 
correct recognition rate, as well as error recognition rate. 

Fig. 8. The structure of different size 

The number of a people’s sample affect the structure of a people’s topological 
manifolds. When the number of sample is increasing, the chance of the image to fall 
in it is increasing also., so the correct recognition rate is higher. 
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