
International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 8, No. 2 (2015), pp. 1-10 

 http://dx.doi.org/10.14257/ijsip.2015.8.2.01 

 

 

ISSN: 2005-4254 IJSIP 

Copyright ⓒ 2015 SERSC 

Iris Recognition Algorithm based on MMC-SPP 
 

 

Yongqiang LI 

Software Technology Vocational College, North China University of Water 

Resources and Electric Power 

Zhengzhou 450045, China 

1696450309@qq.com 

Abstract 

Sub patter algorithm does not consider the structure relationship between the same 

sample in different modes, it is difficult to accurately reveal the space features of the iris 

image, this paper proposes a iris recognition algorithm based on maximum margin 

criterion(MMC) and structure preserving projection (SPP). Firstly, the original high 

dimensional data is divided into several subsystems, and then SPP algorithm is used to 

reduce the iris feature dimension, the structural relationship between iris sample pattern 

collection manifold structure and the same sample of different pattern at the same time, 

finally, MMC function is introduced to improve the ability of classification algorithm by 

considering the iris category information, and the nearest neighbor classification 

algorithm is used to classify the iris image, and the recognition result of iris images is 

obtained by using the voting method. The performance of the algorithm is tested on 

CASIA 1.0 and CASIA 2.0 iris database, and the results show that the proposed algorithm 

has improved the recognition rate and recognition speed of iris image compared with the 

other algorithms. 

 

Keywords：iris recognition, structure supervised preserving projection, maximum 
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1. Introduction  

As an important biological feature, iris has the unique, collectable and non-invasive 

advantages. Based on the iris identification, it has been widely applied in many fields. 

Accurate and fast iris recognition algorithm thus becomes a heatedly discussed topic in 

the current pattern recognition field [1]. 

In view of iris recognition issue, domestic and overseas scholars have done a lot of 

in-depth researches, and put forward many effective iris recognition methods. Iris image 

has high dimensionality, and its feature dimensions often exceed the number of samples, 

so that the iris image is sparse in high-dimensional spatial distribution. If the original 

features of iris image are directly entered into the classifier for learning, in which the 

useless and redundant features adversely affect the iris image' recognition rate, resulting 

in low identify efficiency [2]. In order to solve the “curse of dimensionality” and small 

sample size issues incurred by iris's high-dimensional feature and improve the iris 

recognition rate and efficiency, some scholars have proposed the sub-mode-based iris 

recognition algorithm [3]. Sub-mode-based iris recognition algorithm refers to project the 

high-dimensional iris image onto the low-dimensional subspace by adopting certain 

dimensionality reduction methods, eliminate the useless and redundant features, and 

extract the iris features in low-dimensional spaces. Current iris feature dimensionality 

reduction techniques consists of the Principal Component Analysis (PCA), Independent 

Component Analysis (ICA), Linear Discriminant Analysis (LDA), Isometric Feature 

Mapping (ISOMAP), Locally Linear Embedding algorithm (LLE), Laplacian Eigenmap 

algorithm (LE), Locality Preserving Projection (LPP) and so on [4-7]. PCA, ICA, LDA 
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are a class of linear dimension reduction method, which can only extract the global 

low-dimensional features. It is difficult to find the nonlinear manifold structure embedded 

in the iris's local sub-mode set [8]. ISOMAP, LLE, LE, LPP belong to the manifold 

learning algorithm, which has advantages in maintaining the iris's nonlinear manifold 

structure [9-11]. However, LE, LPP and other algorithms can only retain the iris image's 

popular structure without consideration of the structural relationship between all 

sub-modes, so they are unable to fully and accurately describe the category information of 

the iris, limiting the application scope of the iris recognition [12]. 

To further improve the iris recognition rate and efficiency, this paper proposes a 

structure preserving projection (SPP) iris feature extraction algorithm, and integrates it 

with the Maximum Margin Criterion (MMC) to construct a new iris recognition method 

(MMC-SPP). In the SPP algorithm iris feature process, this paper maintains structural 

relationships between the same iris samples and different sub-modes as well as the 

manifold structure of iris sample sub-mode set, considers the class information of the iris 

data, introduces MMC function, improves SPP algorithm's classification performance, and 

finally verifies the effectiveness of MMC-SPP algorithm by using CASIA 1.0, 2.0 iris 

data set. The results show that MMC-SPP algorithm can effectively eliminate the useless 

and redundant features among high-dimensional iris features, extract the iris feature 

having the greatest contribution to the recognition results, and it is an iris recognition 

algorithm with high recognition rate and fast speed. 

 

2. MMC Algorithm 

MMC is a subspace supervised learning method. It has improved the LDA algorithm, 

converts the quotient-based objective function into difference-based objective function, 

solves the small sample size problem of LDA, avoids the LDA operation towards the 

matrix inversion, and reduced the calculation amount 
[13]

. MMC algorithm's objective 

function is: 

    
,

max ( , )i j i j i j

i j

J p p d m m tr S tr S
 

   
 
  (1) 

Where, mi is the average of the i-th data, pi is the prior probability, d(mi,mj) is the 

Euclidean distance between the i-th and j-th data, and Si is the intra-class scatter matrix. 

Equation (1) is to maximize the distance between the data with different classes, the 

below equation can be obtained through a series of derivation: 

                   m a x ( )b wJ tr S S   (2) 

Where, Sb represents the inter-class scatter matrix; and Sw stands for intra-class scatter 

matrix. 

Assumed that there are c class data and the data set is m, the following equations are 

obtained 

( )( )
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T
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             (3) 
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                         (4) 

Introduce β to weigh Sb and Sw, and the objective function of MMC algorithm is: 

max ( )b wJ tr S S                    (5) 

 

3. MMC-SPP Iris Recognition Algorithm 

MMC-SPP Iris Recognition Algorithm is a sub-mode-based recognition algorithm, and 

it consists of the following steps: (1) Divide the sub-modes of iris images; (2) Use SPP 
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algorithm to reduce the dimension of sub-modes and extract iris features; (3) Recognize 

the unknown iris images. 

 

3.1 Sub-mode Division of Iris Images 

Assumed the training set consists of Np individual N pieces of iris images: X=[x1，
x2，...，xN], its pixel size is H1×H2, uses matrix partitioning method to divide each iris 

image into C sub-images with equal size, and then convert them into dimensions of vector: 

H1×H2/C. When all training samples are divided into sub-images, sub-modes of different 

images will be composed of C sub-mode sets [14]. Iris image sub-mode set is as shown in 

Figure 1. 

Figure 1. Sub-mode Construction of Iris Image 

3.2 Iris Feature Dimensionality Reduction of SPP Algorithm 

Assumed that the cth sub-mode of the i-th iris training sample is 
c

ix (c=1,2,…,C；

i=1,2,…,N), and the overall objective of SPP algorithm to extract the iris feature is: to 

find a projection matrix W, project 
c

ix  onto the low-dimensional space, and then 

c T c

i iy W x  is the dimensionality reduction results of 
c

ix . 

3.2.1 Maintain the Structural Relationship Between the Same Iris's Each Sub-mode 

The first objective of SPP algorithm is to keep the structural relationship between the 

same iris image's each sub-mode unchanged. Given that the i-th iris training sample's cth 

sub-mode set is:
1 2[ ... ]i i i i

cX x x x ， ， , then the first objective can be described as: 

2

1 ( )

c
c cl l

i i i

i l c

E x a x
  

    (6) 

Where, E is the reconstruction error, 
cl

ia  is the l-th sub-mode's reconstruction coefficient 

towards the c-th sub-mode. 

The reconstruction error of 
c

ix  is: 

( ) ( )

cl cm

i i lm

l c m c
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                 (7) 

Where,    
T

c l c m

lm i i i iG x x x x   . 

Through the least square, the reconstruction coefficient is calculated as: 
1
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                (8) 

To remain each training sample's structural relationship unchanged in low-dimensional 

space, assumed that the reconstruction coefficient of 
c

ix  can be expressed as 
c

iy  in a 

low-dimensional subspace. To get a low-dimensional feature of local sub-image, it is 

necessary to minimize the iris image, namely 
2

( )

c cl l

i i i

l c

y a y
 

    (9) 

The objective functions of all N pieces of image with concentrated training: 
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Given 
1

N
T

i i i

i

P X M X


 , Equation (10) can be simplified as: 

 min Ttr W QW  (11) 

 

3.2.2 Maintain the Manifold Structure for Sub-mode with Different Iris's Same 

Position 

The second objective of SPP algorithm is to keep different iris images in the sub-mode 

manifold structure with the same position. Assumed that the sub-mode set of all images' 

c-th sub-mode is: 
1 2[ ... ]c c c c

NX x x x ， ，， , the corresponding subspace features are: 

1 2 1[ ... ]c c c cY y y y ， ，，
. The second objective can be realized by keeping neighbor 

relationship between data points, namely, the below cost function is to be minimized: 

1 1
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Where, 
c

ijS  is the similarity of 
c

ix  and 
c

jx  in high-dimensional space, which is defined 

as below: 
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 (13) 

In the sub-image construction stage, the training set's iris image is divided into C 

sub-mode sets. For all sub-mode sets, the objective function of manifold structure's SPP 

algorithm is: 
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Given 
1

T
C

c c c

i

P X L X


 , Equation (14) is: 

 min Ttr W PW  (15) 

Finally, integrate the objective function (11) and (15), SPP algorithm's overall objective 

function can be expressed as: 

 min ( )Ttr W P Q W  (16) 

Where, θ is the weigh parameter between two objective functions, and meets θ≥0 

The corresponding constraint condition is: 

1 2 1

1 1 1[ , ,... ,..., ,... ]
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3.2.3 Overall Objective Function of MMC-SPP Algorithm 

In view of the feature space's the identification performance, introduce the maximum 

interval criterion function (5) in the SPP algorithm, use the sample's class information to 

improve the classification performance of the algorithm, and obtain the below overall 

objective function of SPP algorithm: 

  arg min

. .

T

b w
W

T T

tr W P Q S S W

s t W ZZ W I

    




 (18) 

By using Lagrange multiplier method, the optimization problem (18) can be 

transformed into the below generalized feature decomposition problem: 

  T

b wP Q S S W ZZ W       (19) 

Divide the above equation's eigenvalues, and take the minimum d-th eigenvalue's 

corresponding eigenvector to build the mapping matrix: 

1 2[ , ,..., ]dW w w w  (20) 

 

3.3 Iris Recognition 

For unknown iris image, first divide it into c non-overlapping 

sub-modes: 1 2[ ... ]cU u u u ， ，， , then its low-dimensional subspace is featured by: 
1 2[ ... ]T cV W U v v v  , , , . For ( 1 2 ... )cv c  ，，，c , the Euclidean distance matrix 

between all low-dimensional features of the c-th sub-mode set in the training set is: 

1 2[ ( , ), ( , ),... ( , )]C c c c c c c

NDM d v y d v y d v y  (21) 

The c-th sub-mode sample in the training set comes from different iris images, and 

classify by using the nearest neighbor classification algorithm. Since V has c sub-modes, 

the final classification of iris image recognition can be obtained by voting method, and the 

probability of unknown iris belonging to j-th person is 

1

1 C
j

j i

i

p q
C 

   (22) 

Where, 1         

0,

i j

j

i

if the th subpattern is classfied to the th person
q

otherwise


 


，  

The final recognition result of unknown iris is 

I ( ) arg max( ), 1,2,...,j pdentity u p j N   (23) 

 

4. Experimental Results and Analysis 

4.1 Data Source 

To verify the effectiveness and superiority of the MMC-SPP algorithm, this paper 

selects the iris images from the iris database of Institute of Automation, Chinese Academy 

of Sciences - CASIA 1.0 and CASIA 2.0 as the test object, and part of the iris images are 

shown in Figure 2 [15]. To test the MMC-SPP algorithm's superiority over iris recognition, 

the paper adopts three feature dimensionality reduction methods (PCA, LLE, LPP) for 

feature dimensionality reduction and extraction comparative experiments. 
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Figure 2. Part of Iris Images 

4.2 CASIA 1.0 Database 

4.2.1 Recognition Rate Comparison 

In CASIA 1.0 iris database, the image size is 280×320 pixels with iris images for 108 

eyes, 7 images for each eye and a total of 756 images. It uses contacted device to shoot, 

which is less affected by the light and eyelash blocking. Randomly select 5 images as the 

training set for each eye, and the rest 2 images are used as the test set. To facilitate 

processing, the iris image is adjusted to 100×100 pixels. MMC-SPP algorithm parameters 

are set as: neighborhood parameter k=5, thermonuclear parameters t=100, θ=0.8. In LPP 

algorithm, t = 10. First, convert each iris image into 25 sub-modes, that is, the size of each 

sub-mode is set to be 20×20. The change relationship between the recognition rate and 

dimensions of each iris feature extraction algorithm is shown in Figure 3. According to 

Figure 3, MMC-SPP algorithm has comprehensively taken into account of the structural 

relationship between each sub-mode in the same iris and the manifold structure of 

sub-mode set. When extracting the iris features, the iris class information can be described 

in a more accurate and comprehensive manner. It thus improves the iris recognition 

performance, and the average recognition rate is up to 93.65%, much higher than 91.01% 

of PCA algorithm, 88.9% of LLE algorithm, 88.56 % of LPP algorithm, indicating that 

the proposed iris recognition idea is correct. 

 

Figure 3. Recognition Rate Comparison of Different Algorithms in CASIA 1.0 
Database 

4.2.2 Comparison of Recognition Speed 

The recognition speed is very important for the real-time iris recognition, and the time 

(seconds, s) is used as the evaluation criteria of iris recognition speed. On Core2 Intel 

2.8GHZ CPU, RAM 2.0G, Windows XP platform, use tic and toc commands of Matlab 

2012 to record each algorithm's average training and recognition time for CASIA 1.0 

database, and the results are shown in Table 1. According to Table 1, compared to the 

comparison algorithm, MMC-SPP is featured by the shortest running time, the fastest 

recognition speed and the highest recognition efficiency. This is because MCC-SPP 

algorithm can find optimal iris feature, effectively reduce the feature dimensions, and 

eliminate a lot of useless, redundant features, so that MCC-SPP can realize the real-time 

iris recognition. 
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Table 1. Speed Comparison of Different Algorithms 

Model Training time(s) Test time(s) 

PCA 6.75 0.88 
LPP 5.18 0.77 
LLE 5.03 0.59 

MMC-SPP 4.99 0.56 

4.2.3 Subspace Dimensions for Different Feature Extraction Algorithms 

For different algorithms’ optimal recognition rate and the corresponding subspace 

dimension, please refer to Table 2. According to Table 2, although the subspace 

dimensions of LLE, LPP is similar to SPP algorithm, LLE and LPP has too low 

recognition rate, which cannot meet the accuracy requirements of iris recognition. 

MMC-SPP has the highest recognition rate, reaching 97.00%, at least 2% higher than 

PCA, LLE and LLP algorithm. 

Table 2. Iris Recognition Results of CASIA 1.0 

Iris Feature Extraction Algorithm Subspace Dimensions Recognition Rate（%） 

PCA 35 94.30% 

LPP 20 93.12% 

LLE 20 92.17% 

MMC-SPP 20 97.00% 

4.2.4 Effects of Training Sample Size on Recognition Rate 

The changing curve of recognition rate effects between training samples with different 

proportions and testing samples is shown in Figure 4. From Figure 5, when there is less 

training samples, all iris recognition algorithms are low. As the number of training 

samples increases, the recognition rate also increases. When selecting 5 images from 

MMC-SPP algorithm as the training samples, the iris recognition rate is up to 97% and the 

recognition rate is significantly superior to the comparison algorithm. 

 

Figure 4. Changing Curve between the Number of Training Sample and Iris 
Recognition Rate 
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4.3 Comparison with Classical Algorithm 

To make the results of MMC-SPP algorithm more convincing, this paper takes the 

current classical iris recognition algorithm to conduct comparative experiment towards 

CASIA 1.0, 2.0 iris database set under the same conditions, and the average iris 

recognition rate is as shown in Figure 7. According to Figure 5, MMC-SPP’s average iris 

recognition rate is higher than the classical iris recognition algorithm. The comparative 

results show that MMC-SPP is a fast and efficient iris recognition algorithm with high 

recognition rate. 

 

Figure 5. Performance Comparisons with Classical Iris Recognition 
Algorithm 

5. Conclusion  

For feature extraction issues in the iris recognition, this paper presents an iris 

recognition algorithm based on MMC-SPP. MMC-SPP algorithm reduces the dimension 

of all sub-mode iris images to the uniform low-dimensional subspace, and maintains the 

global structural information and manifold structure of local iris sub-mode, so as to 

greatly retain the high-dimensional data’s internal structure, introduce the MMC 

improvement algorithm classification ability with supervised learning ability, and verify 

the effectiveness and superiority of MMC-SPP algorithm through two standard iris data 

sets.  
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