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Abstract: Objective: To research on the application of high dimensional space theory to the biomimetic pattern 
recognition. Procedures: The sample was constructed into a k-dimensional simplex in a high dimensional space 
and 0.85 times of the average distance between the vertices was chosen as the threshold value thus a convex cell 
body covering the k-dimensional simplex was constructed. By determining whether the sample point could be 
covered by the convex cell body derived from a certain sample group, the sample was recognized and classified. 
Methods: The orthogonal complementary space of the subspace was constructed and the Euclidean distance 
between the point and the subspace was calculated and the distance from the point to the k-dimensional simplex 
was further calculated. Results: The study solved the problem of whether the sample point is covered by a 
certain convex cell body and its correctness was testified via human-face recognition. Copyright © 2013 IFSA. 
 
Keywords: High dimension space, Face recognition, Biomimetic pattern recognition, k-dimensional simplex, 
Convex cell body cover. 
 
 
 
1. Introduction 

 

A gray image is mapped a point in m nR  - Space. 
The traditional pattern recognition is to find an 

optimal partition in m nR  - Space. Now commonly 
method used by Support Vector Machine (SVM) is 

through kernel function mapped m nR   to kR , and to 

find the best division in the mapping kR - Space [1]. 
These methods were identified from non the same 
type things object "difference", the realization of 
algorithms, are focused on different things, 
"different", that is, distinguish a class samples from 
limited known samples of class. This form of human 
cognition of things is very different: people know 
things are a class of a class of understanding and 

attach importance to the links between similar things, 
or, one sample of unknown samples with the 
unlimited class distinction. Of "difference" as the 
starting point of traditional pattern recognition, 
inevitably result in the following two limitations: 
first, encountered new things for the first time that 
have not learned, easily mistaken for a certain type 
have been learned old things; Second, to learn a new 
things, they tend to upset the old knowledge, that 
undermine the already studied the identification of 
old things. This is the traditional pattern recognition 
theory in practice is difficult to make real the reason 
for desired effect. 

Academician Wang Shoujue from the perspective 
of human cognition, re-examine the neural network 
pattern recognition, innovation proposed new pattern 
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recognition – Biomimetic Pattern Recognition 
(BPR) [2], based on the multi-dimensional manifold 
topology theory. Emphasize "Cognition", use of 
"High dimensional space non hypersphere complex 
geometry coverage" for pattern recognition, shown in 
Fig. 1. High dimensional geometry space is a vehicle 
to achieve Biomimetic Pattern Recognition [3]. High 
dimensional geometry space theory and calculation 
process is from the concept of high-dimensional 
space geometry, using the set of points in the space 
to describe the subspace, Combination of simple 
operation by means of geometry, high dimensional 
space complex calculations [4]. 

 
 

 
 

Fig. 1. BPR. 
 
 

But research on the covering of the biomimetic 
pattern recognition of the high dimensional 
information geometry is still poor [5-8], In this paper 
through high-dimensional information geometry 
biomimetic pattern recognition, proposed using high-
dimensional information geometry to construct a 
convex cell covering of biomimetic pattern 
recognition, judging if some high-dimensional space 
samples be covered by a convex cell body, the 
average distance of the k-dimensional simplex 
vertices, as the convex cell body threshold reference 
value, in order to build a more satisfactory coverage 
of the body, Finally, face recognition test the 
feasibility of the method. 
 
 

2. High-dimensional Geometry Theory 
 

Each element in nR  ( 2n   ) is called a point, 
and the establishment of the following concepts [6]: 

Definition 1 If k  vectors 1 0a a , 2 0a a , 

 , 0k a a  in the vector space nR are linearly 

independent, then the point set { 0a , 1a , , ka }  is 

called affine independent. 

Definition 2 If k vectors 1 0a a , 2 0a a , 

 , 0k a a  in the vector space nR  are linearly 

independent, that 
 

1

| ( ),
k

i i i
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 0x x a a  

Is linear subspace in nR , the base for the subspace is 

{ 1 0a a , 2 0a a ,  , 0k a a } dimk S , 

abbreviated 
 

1 0 0, , kS   a a a a
 

 

Definition 3 Let   0 1, , , k a a aB is affine 

independent, record set 
 

0 1
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k k
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 a a a  (1) 

 
to k-dimensional simplex, abbreviated as k- simplex. 

Point to line segment distance: at the two cases, 
First: the pedal of point to the line segment 
AB in AB , then the distance shall be from point to 

pedal. Second: the pedal of point to the line segment 
AB out AB , the distance shall be from point to the 

endpoint that near the pedal [3] (Fig. 2).  
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Fig. 2. Points to the distance line segment. 
 
 

Point to the limited plane distance: the distance is 
similar from point to line segment, the pedal of point 
to the plane if in the limited plane; its distance is the 
distance from point to pedal; if outside of a limited 
plane, then the distance of point to plane distance of 
the minimum value of all points. If the limited plane 
is convex, then this distance must be a point to end 
point or a plane the distance between the boundary 
points [9]. 

The actual pattern recognition in order to 
determine whether a particular sample points are to 
be identified A class,  A as a set, then the sample 

points in set A ( dA R ). The distribution of the 
concrete application of pattern recognition based 
object can be different dimensions of "manifolds"; it 
is necessary building a collection Multidimensional 
geometric shapes to cover A in feature space Rd. 

Definition 4 Suppose V is a k-simplex in the 
feature space Rd, the shortest distance from point x to 
V be met: 

 

    , min , , ,d x V d x y y V  
 

 
if U  met: 
 

  VRxVxdxxU d ,,|   
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constant 0  , claimed U  a k-simplex coverage 

is actually a cover of convex cell body. 
BPR algorithm that: the sample points x to be 

recognized to a k- simplex is less than the distance 
threshold  , that x belonging to one k-simplex 
coverage, then x belong to the k-simplex with  
the class. 

A gray image, mapped a point of Rn Space, 
through feature extraction, will points in Rn Space 
projected into the feature Rd Space ( )d n , then 

1k   images 0 1, , , ka a a , projected on to Rd 

Space, as 1k   points, if it is still recorded as 0 ,a  

1a  ,  ka , then the vector 1 0a a , 2 0a a , 

 , 0k a a are linearly independent, generate  

k-dimensional linear subspace, denoted S ,on the 
other hand, the set 

 

1 0
1 1

{ ( ) | 0, 1}
k k

i i i i
i i

  
 

   A a - a  (2) 

 
constitute k-simplex, apparently SA . 

There were m  classes, each class to take  1k   

training samples, then 1k   images in the feature Rd 
space composition the k-simplex in its generated k-
dimensional linear subspace, there were m  linear 
subspaces and k-simplexes. Now, if there were  
l  same type images to be recognized, these images 
in the feature Rd space generated l-1 -dimensional 
linear subspace of the l-1 -simplex. Identification 
problem is to judge the distance that l-1 -simplex 
which in l-1 -dimensional linear subspace and 
m patterns  k-simplexes which in k-dimensional 
subspace, if the distance with a k-simplexs less than 
a given threshold   , then the sample would fall into 
the class [10]. 

 
 

3. Distance Between Point and  
k-simplex 
 

3.1. Distance Between Point and Line 
Segment (Fig. 2) 

 

a)  if  , , 0AO AB BO BA 
   

, then 

2

,
1
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b) if , 0AO AB 
 

, then  

d AO


, or d BO


 

Here the operator  a,b  was the inner product 

of the vectors. 

3.2. Distance Between the Point 0x   

and k- simplex 0 1 ka a a  
 

Firstly here should discuss the distance between 

the point 0x  and the k-dimension plane. The 

literature [6] had proposed the basic results of this 
topic; here the Theorem 1 and Theorem 2 had  
perfected it. 

The k-dimension plane  
 

0 1 0 0: , ,k
kS   a a a a a  

 

and the vector noted  
 

0 ,1i i i k   v a a , let  1 2, , , kv v v  

 

were linearly independent and  1 2, , , kv v v  

were the basis of the k-dimension sub-

space 1, , kV  v v , so that  

0 ,dimkS V V k  a , where 1 1k n    

Supposing  1, ,k nv v  was the basis ofV  , 

then kS  could be expressed by , j jbx v , where 

0 ,j jb  a v  for 1k j n   , and point 

0 \n kR Sx , the k-dimension plane 0
kS V a , 

the distance between 0x  and kS  was  
 

0 0 0 0

0 0

( , ) min min ( )

                ( , )

k

k

VS
d x S

d V


    

 
vx

x x x a v

x a
 

 

Geometrically, finding the distance between 0x  

and kS  was same as to find projection of the 

orthocomplement of the vector 0 0x a  toV , which 

denoted byV  . 

Theorem 1. Let 1 2, , , kv v v  were n-

dimension vectors, k n  and linearly independent, 

let  1, ,
T

k k n
A


 v v , then ( ) ( )Tr AA r A k  , 

and 1( )T TQ A AA   was the generalized right 

inverse matrix of matrix A 

Proof: Let ( )Tx Ker AA , then 0T TAA x   

0T TxAA x  , ( )( ) 0TxA Ax  , 0xA  , 

i.e. 0xA  , ( )x Ker A , so 

( ) ( )TKer AA Ker A , while  

( ) dim( ( ))r A n Ker A   

dim( ( )) ( )T Tn Ker AA r AA k    , 

this indicated that the matrix TAA  was reversible. 
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Moreover, 1( )T T
k kAQ AA AA I
  .  

Theorem 2. Let 1( )T TP A AA A , 

then the vector-group P I  were orthogonal to the 
vector-group A . 

Proof: for  
1[ ( ) ]T TAP A A AA A A   , 

( ) 0A P I  , 

Let  , ,
T

P I  1 nu u , for ( )TP I P I    

So  1 1( ) , ,
T T T

k n n n
A P I


     v v u u O  , 

so the vector-group P I  were orthogonal to the 
vector-group A , and ( ) ( )P I Ker A  . In other 

words, that when 1 2, , , kv v v  was the basis  

of 1, , kV  v v . 

The sub-space spanked by the vector-group 
P I  was the orthocomplement of V  noted 

byV  , and one group basis of them was the basis of 

orthocomplement V


. 

If  1 2, , , kv v v was the orthogonal basis  

of V , than  
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else Orthogonal normalized vector 
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j

j
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T

T

T

x a u
u 0

u
. 

β is projection of the vector 0 0x a  to the 

orthogonal complement space V  , β is distance 

between 0x  and kS . 

According to the theorems above, if  

a)  1 2, , , kv v v  were the basis ofV , than  

 

0 0 0 0

0

, ,
( , ) ( , , )
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d x S
 


T T
1

T T
1
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b)  1, ,k nv v were the basis ofV  , then  

 

0 0 0( , ) ( )kd x S Q x a , (5) 

where 1( )T TQ B BB B , and  
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If  1, ,k nv v  were the orthogonal basis 

ofV  , then  
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(6) 

 

where 0 ,i ib  a v , and 1k i n   . 

The distance between the point 0x and the  

k-dimension simplex 0 1 ka a a  was the special 

case of the distance 0x  to the k-dimension plane, but 

there are two different: 

a) To determine a pedal 0x  on the 0 1 ka a a , 

for vectors P I  and I P are opposite direction, 
so β by (1) as determined and β , one of them 

point to 0 1 ka a a , and the other away. 

b) If the pedal is not in simplex, then its distance 
is point to the vertices of a simplex or one edge. 

 
 

4. Realization of Biomimetic Pattern 
Recognition Based on High-
dimensional Space and Face 
Recognition Test 

 
There were m  classes, each class to take 1k   

training samples, then 1k   images in the feature Rd 
space composition the k-simplex in its generated  
k -dimensional linear subspace, there were m  linear 
subspaces and k-simplexs. Now, if there were l  
same type images to be recognized, these images in 
the feature Rd space generated l-1-dimensional linear 
subspace of the l-1-simplex. Identification problem is 
to judge the distance that l-1-simplex which in   
l-1-dimensional linear subspace and m  patterns   
k-simplexs which in k-dimensional subspace, if the 
distance with a k-simplexs less than a given 
threshold  , then the sample would fall into the 
class [6]. 

Using the ORL [11] and YALE A [12] face 
database for the experimental subjects (Fig. 3). 
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(a) Part images of the ORL face database. 
 

 
 

(b) Part images of the YALE a face database and the 
interception of a standardized image. 

 
Fig. 3. Part images of the ORL and YALE a face database. 

 
 

In the structure of k-simplex cover body – convex 
cell body, how choose the threshold   is critical, too 
large may lead to increased error rate, is too small 
may result in rejection rate increased. As the choice 
of training samples with random, so to the average 
distance between the training sample and the training 
sample approximate the distance between to be 
recognized sample with the k-simplex. So you can 
take   to the average distance  times between the 
training samples,   take 1 near the value. 

In the ORL face database, select 30 persons in 
each of five of 150 face images as training samples, 
each of five face images to form a 4-simplex, the 
other a total of 150 images per 5 constitute the test 
sample A, the remaining 10 persons per 10, sum 
100 images constitute the test samples B. PCA as 
feature extraction tool, PCA as feature extraction 
tool, principal component contribution ratio is 0.85, 
the dimension of feature space dimension is 47. 

Experiment, takes 
 

1 4

1
0.85 ( , )

6 i j
j i

d a a
  

    (7) 

 
that 0.85 times of the average distance between  
4 samples . 

We use above BPR were compared to the general 
pattern recognition method (SVM kernel nearest 
neighbor method) results in the following table:  

 
 

Table 1. Experimental results. 
 

Test sample A Test sample B  

Correct 
rate 

Error 
rate 

False 
rate 

Corre
ct rate 

Error 
rate 

BPR 84.6 % 2.6 % 12.6 % 89.0 % 11.0 % 

SVM 85.7 % 14.2 % 0 0 100 % 

 
 

The YALE A face database we are also has been 
tested, first, face image using artificial interception of 
the face, then a unified size, and image histogram for 
the amendment, shown in Fig. 3 (B), taking each 
person four images as training samples, the 
contribution rate of principal component extraction is 
0.85, the dimension of feature space is 
20 dimensional, error recognition 13, rejection 1, 
correct recognition rate was 86.7 %. 

 
 

5. Conclusions 
 

Based on high-dimensional geometry, by the 
homology of the similar sample points, solve the 
threshold issue for k-simplex structure covered body, 
provides a way to structure the best coverage body, 
expand the Biomimetic Pattern Recognition method, 
and in face recognition experiments is valid. 
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