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ABSTRACT: Ear biometrics is a developing method for human identification due steadiness of human ear features 
throughout the lifetime. This paper discusses three different ear segmentation methods along with their results. Finally 
the active region of interest segmentation method for ear segmentation is selected and then the resultant segmented ear 
image is given to the gabor feature extraction block. The gabor features like mean, standard deviation, entropy, x and y 
co-ordinates of gabor filtered images and their binarized images are considered as features. These features are fed to the 
knn classifier and to the svm classifier also. The efficiency of KNN classifier is found to be 87.09% and that of the 
SNM classifier is 90.32%. 
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I.INTRODUCTION 

Generally there are different kinds of  biometrics methods implemented till date depending on iris, fingerprint, 
palm print, knuckle print, teeth biometrics, etc. the purpose to select ear as a biometric for this paper is that ear is such a 
stable biometric identity in human body which does not change in shape or appearance with age. Moreover ear does not 
have effects of emotions, sweating, etc. as it is in the case of eyes when tears come due to some reasons or in the case 
of finger or palm print due to sweating or as in the case of  knuckle prints which always depends on the amount of the 
fold a finger is applied which can vary from one position of fold of knuckle to other for the same person which can 
reduce the reliability   on the system based on knuckle print. So this steadiness of ear as a biometric identity in terms of 
emotions, age, physical factors motivated us to choose ear ear as a biometric. 

II. BLOCK DIAGRAM OF THE PROPOSED SYSTEM 

The block diagram of the proposed system is as follows: 

                                                                        
                                                                   Fig.1 : Block diagram of the proposed system           
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The first step in the system is image acquisition. The ear images are acquired from the IIT Delhi ear biometric 
database. Some of the images of the ear biometric database are as follows: 

 
Fig.2: Images in IIT Delhi ear biometrics database 

After acquiring the images the next step is pre-processing. The pre-processing done in this work is image resizing to the 
size 400x350 and adaptive histogram equalization .  This image is given for the segmentation process which gives the 
segmented ear image. This segmented ear image is given to the feature extraction block which will find out the gabor 
features of the image. The next block is of classification. The gabor features are given to the KNN and SVM classifier. 

 

III.METHODOLOGY 

Image Acquisition 
     As mentioned above the images are acquired from the IIT Delhi ear database. 
Pre-processing 

The gray scale images in the database are to be resized to 400x350. This iamge is applied to adaptive histogram 
equalization block. 

Segmentation 
 Active region of interest method 

The work in this paper uses this method for fully automated ear segmentation. In this method the region of interest is 
square only but not fixed. It varies according to the location of the ear in the image. 
The ear specified masks in this method are generated as follows: 
1. The image is resized. 
2. Histogram equalization is applied on the resized image. 
3. Otsu thresholding is applied to get the ear specific threshold value and then a binary mask is generated using this 
threshold value. This binary mask is applied with the original image. 
4. Canny edge detector is applied to the masked image obtained after step 3. 
5. The largest area component of the canny edge detected image is obtained in this step. The results of some of this step 
are as follows: 

 
Fig.3: Largest edge detected images 
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6. The next step is traversing from first column to last column and find the occurrence of the first and last non-zero 
pixels of the above obtained image and storing their co-ordinates. 
7. The next step is traversing from first row to last row and find the occurrence of the first and last non-zero pixels of 
the above obtained image and storing their co-ordinates. 
8. The mask is formed using proper threshold values set over co-ordinates of the final mask which are selected 
according to the co-ordinates of the white pixels obtained after step 6 and 7. These masks are different for different ear 
images and are shown as follows: 

 
Fig.4: Ear specific square masks 

 
The results of this method are as follows: 

 
Fig.5: Segmented ear images using ear specific square masks 

 

The accuracy of this method is 93%. The advantage of this method is that it does not need to select points around each 
ear every time. It is fully automated method for ear segmentation. The time required for this method of segmentation is 
found to be approximately half that using snake model in MATLAB. 

 

IV.FEATURE EXTRACTION 

Gabor feature uses the Gabor wavelet which has many directions of multi-scale analysis ability, on a periodic 
or directional texture with good classification effect. A 2-D Gabor function can be expressed as: 
 

                  
x’=x cos(ϴ)+y sin(ϴ)                                                              (2) 
y’= -x sin(ϴ)+y cos(ϴ)                          (3) 
 
In this equation, f0 represents the central frequency of the filter,ϴ represents the orientation. γ is the sharpness along 
the sharpness along major axis.η represents sharpness along minor axis. 
The Gabor wavelet transformation of an image is the convolution of the image with Gabor kernels as defined by 
formula. 
 

(1) 
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O(x, y) = I(x, y) ∗ ψ(x,y,f0 , ϴ)                                     (4) 
 
Where I(x, y) is the gray level distribution of an image, and * denotes the convolution operator. The Gabor function is 
composed of real part and imaginary part. If we filter the image with the real part of the function, it will make the 
image over smooth. If we use the imaginary part of the function to filter the image, we can get the edge information of 
the image.The features that are used for classification of the gabor images are mean, standard deviation, entropy , x and 
y co-ordinates of the largest area component of the binarized real and imaginary parts of the gabor filtered images. 

 
V. RESULT AND DISCUSSION 

 
A. Results of  different segmentation methods 
The problem with fixed square mask segmentation method is that the mask is of fixed size and so it may cut some part 
of ear which should not be the case. Also a lot of redundant part is segmented. The accuracy of this fixed snake is 80%. 
In this method since the mask is fixed, redundant part may also be segmented. In some case some desired part of the 
image are cut. The accuracy of this method is 82%. The accuracy of ear specific snake method is 90%. There is need to 
select points for each ear image to form a separate mask using snake model. This method is not fully automated. The 
accuracy of active region of interest method is 93%. The advantage of this method is that it does not need to select 
points around each ear every time. It is fully automated method for ear segmentation. The time required for this method 
of segmentation is found to be approximately half of that using snake model in MATLAB. 
 
B. Results of gabor feature extraction  
 
For more clarity, the real parts and imaginary parts of gabor filtered images are found separately and shown here. 

The real parts of gabor filtered image are as follows for different values of lamda and theta. 

 
Fig.11: Real parts of gabor filtered image 

 
The imaginary parts of gabor filtered image for different values of lamda and theta are as follows: 
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Fig.12: Imaginary parts of gabor filtered image 

 
The mean, standard deviation, entropy, x and y coordinates of the largest area components of the binarized form of the 
real and the imaginary parts of the gabor filtered image are used as features for classification. These features are given 
to KNN classifier and SVM classifier. The system is tested on images of 31persons of IIT Delhi ear database. The 
accuracy found using KNN classifier is 87.09% and that with SVM classifier is 90.32%. 
 

VI.CONCLUSION 

In this proposed work a new method for ear segmentation is used called active region of interest method, the accuracy 
of which is found to be more than that of region of interest method and snake method for ear segmentation. The time 
required for this active region of interest segmentation is found to be approximately 2 to 3 seconds. This method of ear 
segmentation is fully automated. Later statistical features of gabor filtered images are used for classification. The 
features are given as input to KNN and SVM classifier and the accuracy is found. The accuracy of KNN classifier is 
found to be 87.09% and that SVM is found to be 90.32%. 
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