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Abstract—In order to better extract image feature and 
recognition, a novel feature extraction algorithm of the binary 
image processing using Otsu combined with normalized 
moment of inertia (NMI) is put forward. Firstly, the image is 
processed into binary image and the target area is effectively 
segmented utilizing Otsu algorithm based on the criteria of 
maximal variance between-class , secondly, the NMI feature of 
the binary image is extracted, and finally, the extraction NMI 
feature is used in image recognition. Experimental results show 
that NMI feature of the binary image have the ability of anti-
geometric distortions (translation, rotation and scaling, TRS), 
and anti-brightness distortions, the novel method have 
characteristics of simple extraction approach, little extraction 
parameter, easy implementation, and strong robustness.  
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I.  INTRODUCTION  

    Image recognition is an important research branch of 
image analysis and image understanding. It has been widely 
used in military, aerospace, public security and medical 
fields; one of the most critical technologies is the image 
feature extraction. In general, image feature extraction is 
that the physical characteristics of the target area in the 
image are abstracted, including the characteristics of the 
gray level distribution, shape and size, movement, change 
and sequence relations of image target. How to find the 
invariable features in the case of scaling, moving and 
rotation is one direction of the image recognition. At 
present，there are many kinds of image feature extraction 
and recognition algorithm, such as invariant moment [1], 
correlation method [2], projection method [3], and template 
identification method [4] , the normalized moment of inertia 
(NMI) method [5,6], etc. Those methods have already 
acquired certain achievements in image recognition 
technique, but those methods are more complex, recognition 
effect isn’t ideal to recognize complex image, moreover, 
which have some limits on domain of real time image 
processing. 

In this paper, the image is binarization processed by 
utilizing the Otsu Algorithm at taking fully account of the 
image maximum between-class variance criteria, and then 
the NMI invariant feature of the binary image is extracted, 
and further the extracted target features is used in image 

recognition. Finally, the validity of the proposed algorithm 
is verified via experiments. 

II. OTSU SEGMENTATION OF MAXIMUM BETWEEN-CLASS 

VARIANCE 

Otsu is a kind of image global threshold method [7]. 
This segmentation method is adopted to calculate the 
maximum variance between the target and the background 
rather than the histogram processed, the binary 
segmentation threshold is determined and the optimal 
segmentation threshold can be got. The segmentation 
principles are as follows: Gray level image is 

ijI , maximum 

gray scale is L , the number of pixels  is fn  to any gray 

level f , the total pixels is 0N M N= × , t is the 

segmentation threshold of the target and background, oA 、

bA  are the target and background regions. The probability 

and the mean can be expressed as follows 
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Then, the between-class variance of the target and the 
background is equation (5) 

2 2 2
0 0 T T 0 0( ) ( ) ( )b b b bσ ρ μ μ ρ μ μ ρ ρ μ μ= − + − = −  （5） 

The variance is the threshold function, which measures 
the uniform of gray distribution. The variance value is 
greater; the difference of the target and background in the 
image is also bigger. So the maximum between-class 
variance of segmentation means the minimize probability to 
be wrong segmented. Generally, 2σ is selected as the 
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threshold decision criterion, and then the optimal threshold 
*t can be obtained. 
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III. IMAGE NMI FEATURE REPRESENTATION 

The following formula is defined as the center of mass of 
a discrete planar particle system in physics. 
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rm is the mass of the coordinates ( , )r rx y , 
rm is the total 

mass of the particle system. Literature [5, 6] introduced the 
concept of the center to the digital image processing. M N×  

pixels of two dimensional gray image can be seen as 

M N× particles of  XOY plane.  Pixel gray value
ijI  is 

consistent with the particle’s mass. The image has the 
following definitions. 

The sum of the image gray value is expressed as the 
image mass, it can be written with m . 
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The concentrate points of the total mass of the image 
plane is defined as the center of image, it can be expressed 
with ( , )c ci j . 
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The moment of inertia of image around any given point 

0 0( , )i j  is defined as image moment of inertia
0 0i jJ . 
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Grayscale image, its moment of inertia is the geometric 
distortion and brightness distortion whether it is about its 
arbitrarily given point or image center point. But the 
moment of inertia of the binary image has good resistance 
characteristics to geometric distortion and brightness 
distortion. The normalized moment of inertia (NMI) around 
the center of the binary image can be defined based on the 
above image description.  
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ijI ′  is the binary image, ψ is  the region of the value of 1 in 

the binary image. The NMI has feature of the small amount 
of calculation and extraction convenient compared with the 
traditional image invariant features. 

IV. EXPERIMENTAL RESULTS AND ANALYSIS 

The algorithm processing step is that the grayscale image 
is segmented using Otsu maximum between-class variance, 
then the binary image divided the target is generated and the 
NMI invariant feature of the binary image is extracted. 
Finally, the algorithm is applied in image recognition. 

The NMI feature extraction similarity of the binary 
image is represented by the distance between the images. 
Assuming that the identification image is expressed by A, 
the random image in the image database is represented by B. 
NMI feature distance between the two images can be showed 
with the absolute value of the NMI feature difference, that is,  

( , )
A B

D A B NMI NMI= −                                              (12) 
To facilitate measurement and comparison, the equation (12) 
is normalized.  

( , )
A B AND A B NMI NMI NMI= −                                   (13) 

In order to verify the effectiveness and performance of 
the proposed algorithms, 100 pieces of different character 
images is selected as the feature recognition library and NMI 
feature extraction is carried out.  

(1) A random image (this paper chooses Lena image) is 
selected to extracted the NMI feature, and the operation 
experiments of rotation, translation, scaling and brightness 
distortion is done. For Lena image, table 1~3 is the similarity 
error comparison of NMI extraction feature after applying 
this algorithm carries on the rotation, translation, and scaling 
and brightness distortion and with the original image features 
(NMI Feature extraction of image translation does not 
change, so it is not listed in the experimental data). 

(2)  NMI features are extracted to the character images in 
the image recognition library using this algorithm, and those 
feature recognition are compared with Lena Image NMI 
feature. Figure 1 is the portions of the character images to 
identify in the image library; the experimental data are 
shown in table 4. 

 
 (c) Miss                         (d) Woman                         (e) Boy

(a) Lena                                     (b) Lady           
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Figure 1.  Portions of the character images to identify in the image library. 

 

TABLE I.  EXTRACTED NMI FEATURE AND EEOR ND WHEN SCALING       
FOR LENA  IMAGE 

Scaling NMI ND (%) 

Original Image 0.5285 0.000 

20% 0.5279 0.110 

40% 0.5302 0.320 

60% 0.5288 0.057 

80% 0.5279 0.110 

120% 0.5284 0.018 

140% 0.5288 0.057 

160% 0.5285 0.000 

180% 0.5282 0.057 

200% 0.5285 0.000 

 

TABLE II.  EXTRACTED NMI FEATURE AND EEOR ND WHEN   
RATATION FOR LENA IMAGE 

Rotation NMI ND (%) 

Original Imag 0.5285 0.000 

10°  0.5283 0.037 

45°  0.5281 0.075 

90°  0.5285 0.000 

135°  0.5281 0.075 

180°  0.5285 0.000 

225°  0.5281 0.075 

270°  0.5285 0.000 

315°  0.5281 0.075 

330°  0.5283 0.037 

 
 
 
 
 

TABLE III.  EXTRACTED NMI FEATURE AND EEOR ND WHEN          
BRIGHTNESS DISTORTION FOR LENA IMAGE 

Brightness distortion NMI ND (%) 

Original Imag 0.5285 0.000 

10% 0.5245 0.760 

30% 0.5259 0.490 

50% 0.5235 0.950 

70% 0.5285 0.000 

90% 0.5212 1.380 

110% 0.5212 1.380 

130% 0.5235 0.950 

150% 0.5259 0.490 

170% 0.5212 1.380 

 
 
 

TABLE IV.  EXTRACTED NMI FEATURE AND EEOR ND THAT THE 
DIFFERENT OF IMAGES ARE REATIVE TO LENA IMAGE  

Image NMI ND (%) 

Lena 0.5285 0.00 

Lady 0.4998 5.56 

Miss 0.4753 10.07 

Woman 0.5949 12.56 

Boy 0.4684 11.37 

Miss1 0.6119 15.78 

Girl 0.5668 7.25 

Miss2 0.5858 10.84 

 
 

Table 1~3 experimental results show that the proposed 
method not only has good geometric distortion invariant, but 
also has better anti brightness distortion characteristic to 
extract the image characteristics of NMI in the range of error 
ND ε>  ( ε can be set up 2%) when the image has certain 
geometric distortion and brightness distortion (TRS). The 
extraction of NMI can be represented and reflect the original 
image and the image characteristics of different distortion. In 
the case of default similarity identification error ( 5%ε = ) 
and satisfied judgment conditions, the identified images in 
the image library were extracted NMI characteristics and 
carried on image recognition and classification using the 
image NMI feature recognition criterion ND judgment. It 
obvious seen that the recognition results from the table 2 
extraction image NMI feature of the images compared with 
Lena image in figure 1. In addition, the other characters 
image recognition is also validated by experiment. These 
experimental results are embodied a good recognition 
performance and smaller error recognition rate. A lot of 
experiments of the feature extraction and recognition show 

        (f) Miss1                           (g) Girl                            (h) Miss2
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that the proposed algorithm has good recognition effect for 
the clear image of the comparison of the target and 
background region. Meanwhile, it has also a certain 
reference to other types of image recognition. 

V. CONCLUSIONS 

According to the gray image feature extraction and target 
recognition, this paper proposes a feature extraction 
algorithm based on the combination of Otsu image binary 
segmentation and normalized moment of inertia. In 
consideration of the maximum variance between the target 
and background of the original image, the image is 
effectively segmented and target area is divided by using 
Otsu method, which lay the foundation for the subsequent 
feature extraction. And then the binary image NMI invariant 
features is extracted, finally, this NMI features is applied in 
image recognition. Experimental results show that NMI 
feature of the binary image have the ability of anti-geometric 
distortions (translation, rotation and scaling, TRS), and anti-
brightness distortions, the novel method have characteristics 
of simple extraction approach, little extraction parameter, 
easy implementation, and strong robustness. 
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