
International   Journal  of Engineering  Science and Computing, October 2016           2875                                                                  http://ijesc.org/ 

          
ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       
 

 

Review Paper on Ear Biometric Authentication 
Shubham Mohurle 

1
, Seema Khutwad 

2
, Pratiksha Kunjir

3
,
 
Anjali Bhosle

4
 

Assistant Professor
4
 

 KJCOEMR, Pune, India

Abstract: 

In this paper we have studied about ear biometric authentication. Powerful biometrics likes fingerprint, face and iris are used while 

comparing the new biometric technology that is human ear recognition. We are studied different methods like 2D ear recognition, 

Pattern extract ion method, robust algorithm, Pixel based feature extraction. Genetic algorithm is the solution to all problems faced  by 

these methods. Recognition Rate for t ime series modeling is 99% obtained.AR model is used for time series modeling. All methods 

are discussed later. 
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Figure. 1. Structure of Ear. 

 

I. INTRODUCTION 

 

Biometrics is used for self verificat ion by taking personality 

informat ion that corresponds to an individual. Figure 1 shows the 

Ear Structure. For ear analysis, shadows by the helix, tragus and 

antitragus can cause variations in testing images. It’s true when 

processing the concha region, at the edge detection process the 

shadows generate various broken edges. Lobule is an outer part 

of the ear.  Most of the traditional identification methods, which 

are spread in the systems, have many disadvantages. There are 

many biometric identificat ion methods based on image analyzing  

like face recognition, iris recognition, finger print, ear biometrics 

and so on. Human ear does not change with time and age. It has 

complex internal structure with uniqueness which is used to 

identify indiv iduals. Even, ear of twins has different structure 

and shape. In case of accidents, ears remain unchanged and used 

for criminal investigation. Ear has been useful for many years in 

forensic sciences for recognition. It has not required any direct 

input to the authentication process. 

 

II. OVERVIEW O F EAR BIO METRICS     

                                                              

Traditional method for description of ear features and ear 

identification have been developed for more than 10years. 

During crime investigation, in the absence of (valid) fingerprints 

and footprints ear marks are used for identification. Just like 

fingerprints, use of ear shapes recommends its use for human 

identification. An ear recognition system is similar to face 

recognition system and which has five components: image 

acquisition, preprocessing, feature extraction, model training and 

template matching. During image gaining, an image of the ear is 

captured, mostly with a camera. For preprocessing, standard 

techniques like histogram equalizat ion and normalizat ion are 

used. Ear recognition and identification has been done in many 

ways. 

 

III. 2D EAR RECOGNITION     

                                                             
1. Reorganization Using Entire Ear:-  

 

In this section, the existing methods are grouped into four 

categories. It is categorized based on characteristics of feature 

extraction. The categories are geometric-based, statistical-based, 

AI-based, and transformation-based. 

 
a) Geometric-based Method:- 

  

The properties are distances and angles between points in the ear 

image.  Geometric method named concentric circle method 

(CCM) and contour tracing method (CTM). Their recognition 

rate is in average or less than 80%. 

 

b) Statistical-based Method 

 

Statistical-based method is summarized the characteristics of ear 

image in another dimensional space. The image is treated as 

matrix and using statistical method it generate new matrix of 

features. 

 
c) AI-based Method 

 

Various method of AI such as genetic algorithm, self -organizing  

map or fuzzy systems can be adopted to perform ear recognition. 
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d) Transformation-based Method 

 

The representation of image can be extended using image 

transformation. The feature is transformed into new form then 

feature extractor is performed on the new form. Finally, a  

matching approach used those features for ear recognition.  

 
Disadvantages:- 

 

Problem of ear segmentation to eliminate occlusion is highly  

occurs. Robust features are still demanded to be extracted from 

the image.  

 

IV. PATTERN EXTRACTIO N METHO D 

 

Even ear biometrics has not been implemented commercially;  

there are limited known methods of feature extract ion from ear 

images. 

 

1) Geometrical Approach to Feature Extraction:- 

In the geometrical feature extract ion methods, the binary form 

image with selected number of contours and coordinates are 

processed.  

 
A. Voronoi Diagrams  

 

 Voronoi diagram of detected ears describe form segments in ear 

image. The proposed algorithm consists of the following steps: 

1. Ear image Enro llment. 

2. Ear detection by the Lai and Chin active shake method. 

3. Edge detection by canny operator. 

4. Curve extraction by Hancock and Kittler method. 

5. Neighborhood graph is build and Voronoi diagram is created. 

 

 
Figure. 2. Voronoi Diagrams 

 
B. Geometrical Image Parameter Methods 

 

 In real time established manual procedures of handling ear 

evidence are based on geometrical features such as size, width, 

height and ear lobe topology (so called ear otoscopy). Feature 

extraction consists of binary contour image analysis and 

measuring the contour feature. The following methods are used 

to extract geometrical feature from 2D ear images of human. 

 

a. CCM- Concentric circles based methods  

b. CTM-  

c. ABM- – based contour representation method  

d. TRM-Triangle rat io method – GPM  

e. SRN- Shape ratio method – GPM   

C. Ear Contour Detection based on Edge Tracking 

 

A method based on edge tracking which can adopted for human 

ear localizat ion from side face. Firstly binary image was 

generated using adaptive threshold. 

 
2) Global Approach for Feature Extraction:- 

 

Principal Component Analysis, Force Field Transformation and 

Wavelets applied to ear biometrics human identification.  

 

A. Principal Component Analysis 

 

The PCA implementation requires location of the landmark point 

on the ear images which can be identified manually using 

geometrical method like TRM. First, the landmark points are 

notified and used to crop the image to a standard size located 

around the landmark point. 

 
B. Active Shape Models 

 

The ASMs is to extract ear shape features for recognition; in a 

statistical manner the ASMs are applied to model the shape and 

appearance of the ear. Ear image are ext racted from steerable 

features ahead of ASMs. 

 

V. PIXEL BASED FEATURE EXTRACTIO N 

 

Ear Biometric identification is rapidly growing in current 

biometric industry because of its unique feature, stableness and 

passive of human involvement. Image pixel or pixel is a basic 

element of raster image and the address of a pixel is represented 

physically as P(x, y) coordinate.  

 

 
(a)                                     (b) 

Figure. 3. Contour of original image and longest contour for 

processing 

 

Pixel based ear biometrics system contains two phases - 

1) Ear Biometric Enro llment 

2) Ear Biometric Verification 

 

Pixel based image feature extract ion contains the following  

steps:- 

i. Ear image acquisition  

ii. Ear image enhancement- 

a) Resize of Ear image 

b) Convert ear image from .jpeg format to grey scale.  

iii. Construct image contour. 

iv. Apply pixel based feature extract ion method 

v. Construct ear database. 
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A. Mathematical and Pictorial Representation:- 

 

We elaborate different mathemat ical equations and pictorial 

representation related to pixel feature extract ion approach for ear 

biometrics. A point (a position in aplane) can be represented with 

a pair of numbers (x, y ), where xis horizontal distance from the 

origin and y is the vertical distance. Two points (x1,y1) and 

(x2,y2) form a straight line, the intermediate points (x, y) of the 

line satisfies equation of the line .The equation for the line is 

given by, 

     (y‐y₁) ∕(x‐x₁)=(y₂‐y₁)∕(x₂‐x₁)   ………………. (1) 

The equation (1) say that the slope between any point on the line 

and (x1,y1) is the same as the slope between (x2,y2) and 

(x1,y1).Mult iply ing the equation (1) by the denominator gives 

the following form 

(x‐x₁)(y₂‐y₁) = (y‐y₁)(x₂‐x₁) …………………….(2) 

Solve for y-value leads the equation into 

y=
 ₂‐ ₁

 ₂ ‐ ₁
  ‐  ₁   ₁   …………………………….(3) 

 

y=mx b   ………………………………………..(4) 

 

Where slope m = 
 ₂‐ ₁

 ₂ ‐ ₁
……………………...(5) 

    Intercept b  ₁‐   ₁……………………...(6) 

 
a. AC – Area of the Contour in number of pixels (M*N):- 

 

The area of the contour in number of p ixels is identified by  

searching pixel values of CPP feature vector which show all the 

points along selected ear contour. The ear contour X-length 

found by selecting X-min and X-max and similarly Y-length 

found by picking Y-min and Y-max values. 

M = X-min + X-max 

N = Y-min + Y- max 

AC = M*N in no. of p ixels  

 

 
Figure. 4. Area of a ear contour image 

 

Image pixels feature extract ion methodology based on Ear 

contours constructed from human ear image (subject) and 10 

different unique features are identified with simple geometrical 

properties of image pixels and its manipulation. The effective 

manipulation of pixels within ear contour image improves the 

quantity of features extracted and the quality of the ear 

biometrics system. The pixels are the basic elements of an image, 

proposing a methodology based on ear contour image pixels 

encourage the researchers to work on the area of ear biometric 

identification. 

VI. 3D EAR RECOGNITION 

 

a) Enrollment: Database stores the raw data which is converted 

to metadata. 

1. Preprocessing: 3D sensor introduces raw data that is 

preprocessed and segmented in order to alleviate artifacts. 

2. Registration: AEM reg isters the raw data. 

3. Deformable Model Fitting: The data is fitted to the annotated 

model. 

4. Metadata extraction: Geometric information is used to 

exractbiometric signature and stored into database as metadata. 

 
b) Authentication: Distance metric is used to directly compare 

the metadata received from the database. The main feature of the 

proposed method is that by using the AEM, the registration step 

is performed only once for each dataset, during enrollment. Thus, 

the computationally expensive registration step is performed  

only once, when a new dataset is added to the database. 

 
A. Preprocessing: 

 

The purpose of preprocessing is dual: to eliminate sensor-

specific pieces and to segment the ear datasets. In general, 3D 

devices output either a range image 40 or 3D polygonal data.  

 
B. Registration: 

 

Each dataset is registered with the AEM. Registration is the most 

critical step of our method since errors introduced cannot be 

allev iated later. To achieve the best possible accuracy two 

different registration algorithms. In both cases each dataset is 

registered with AEM, with the results of the first algorithm being 

used as input for the second. 

 
C. Deformable Model Fitting: 

 

The annotated ear model is fitted to each indiv idual dataset in 

order to capture the geometric characteristics of the  ear. Th is is 

achieved using a deformable model approach and the derived 

deformed model offers an alternative representation of the ear’s 

geometry. 

 

 

(a)                                       (b) 

Figure 5: Fitting of AEM:(a) raw polygonal data (b)fitted 

model. 

 
D. Metadata Extraction and Comparison: 

 

The deformed AEM is used to produce the metadata. The 

biometric signature coefficients are the concatenation of the pixel 

values of these two images. For comparison purposes we use an 

L1 metric on the coefficients. The total difference between two 

coefficient sets is the sum of the differences among all the 
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individual coefficient pairs. Therefore, the comparison is a very 

efficient process that does not include any computational 

expensive step. 

 
 V. HEARD: An Automatic Human Ear Detection Technique- 

 

This is based on three main features of human ear: 

 

(i) The fact that the ratio between the ear’s width and height is   

greater than 0.5. 

(ii) The fact that the ear’s area is much greater than its perimeter.  

(iii) The fact that the ear's boundary is the most rounded 

boundary in the human's side face image.  

So perform some image processing steps to the original image to 

prepare it to search for the ear based on the previous three 

conditions, below are the stages in short points. 

• Image preprocessing 

• Skin detection 

• Edge detection 

• Ear localizat ion 

• Best boundary verification 

• Clip ear's image in case of the previous condition satisfied 

• In case of non-satisfied condition color segmentation is 

performed before clipping the ear's image.  

A brief explanation is given below: 

 

1) Image preprocessing: 

 

This phase has two main steps: Convert the color image to a 

gray-level one and Noise removal. 

 
i. Convert the color image to gray-level- 

True color image is converted to gray scale image by converting 

RGB values to gray scale values by forming a weighted sum of 

the R, G, and B components are: 

    0.2989 * R + 0.5870 * G + 0.1140 * B 

 
ii. Noise Removal- 

 

The median filter is applied to the image obtained from the 

previous step. Median filter is chosen due to its efficiency when 

the goal is reducing noise while preserving edges. The original 

image and the result of this stage are presented in Fig. 5 

 

 
Figure. 6. Original image and Clean gray image. 

 
2. Skin detection:- 

 

The input image is read, many actions take place in order to get a 

small useful partition from the original image to work on it. The 

input of this stage is the original image and the output is an 

image of facial p ixels only. 

 
a. Convert the original image to YCbCr 

  

In this step the original color image is converted to YCbCr color. 

The YCbCr color space provides an explicit separation of 

luminance and chrominance components.  

 
3. Edge Detection:- 

 

The input is the image of skin pixels determined by the Skin  

detection phase. The target of this stage is to get the edge map 

from the facial pixels. The result is a binary image where a 

pixel's value of 1 indicates an edge. 

 
i. Get the edge map 

 

Canny edge detector chosen for that purpose as it uses two 

thresholds to detect strong and weak edges. It can find not only 

the external edges but the internal ones also. 

 
ii. Edge length based pruning 

 

The previous step obtained too many edges to detect  the ear 

curvature among them, hence small and undesired edges removal 

is necessary in order to make the search process easier. 

 

 
Figure. 7. Edge length based pruning sample  

 
iii. Close and fill processing 

 

Perform some enhancements on the edges to get the mos t 

suitable map as follows: 

_ Perform morphological closing. 

_ Fill image reg ions and holes. 

_ Find perimeter of objects in the binary image. 

_ Fill any narrow gap between two adjacent edges. 

 
4. Ear localization- 

 

Three features are included in this method for ear localization. 

The first is the ratio between height and width of the closed 
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boundary detected by edge detection; it should be greater than 

0.5. The second is the ratio between the no. of pixels composing 

the boundary's area and those composing its perimeter; it should 

exceed 5. The third condition is the roundness percentage; again 

it should be within a certain range of 60% to 90%.  

 
5. Best boundary verification- 

 

There are only two cases. The first is that there is a large closed 

semi rounded boundary surrounded by the human ear. The ear 

image can be clipped easily from the search space. The other is 

that no boundaries complying with the specified conditions can 

be found. In this color segmentation should be performed. 
 

6. Clip the ear’s image: 

 

After the best boundary localization is done successfully the ear 

can be identified. Estimating the ear’s size is easy as all objects 

in the dataset are of equal distance from the camera, so a little  

variation due to the variation in the individuals' ears' sizes only 

faces the determination of the well suited portion's area. The ears' 

sizes' variation will not exceed some few p ixels. However, 

independence of ear’s distance from the camera can be achieved 

by determining the minimum bounding box of the best found 

boundary. Then a suitable image size can be taken as twice the 

height of the bounding box above and below and twice its width 

to left and right sides. This results in an area which satisfies the 

ear's area. 

 

VII. TIME SERIES MO DELING WITH GENETIC ALGORITHM 

 

An observed record of stochastic process, when ordered 

chronologically with respect to some index variab le is called  a  

time series. The contour can be considered as a series of large 

number of straight line segments, say N.N is large desired 

accuracy of the approximation can be obtained. Therefore, the 

sequence of N boundary points (xi, yi), { i = 1,2,…….N-1} 

constitutes time series. Points on bounding curve of any 

substructure can be considered as a time series. Time series 

based AR model is fitted to this time series. In this work we used 

Genetic algorithm. This algorithm used for finding probability.  

 
A. Genetic algorithm:- 

 

Begin  

Initialize population P 

Repeat 

For i = 1: N 

- Select two parent P1; P2 from P;  

- Offspring= crossover (p1; p2); 

- Mutation (offspring) 

- Replace P with offspring1; :::; offspring N 

End for 

Until (stopping condition); 

 
B. Feature Extraction:- 

  

To extract the features, isolated substructure the images are 

cropped as shown in fig.8 (b) Canny edge detector is used for 

edge detection as in fig.8(c). The noisy edges are filtered to 

obtain only the edges of interest that correspond to outer 

boundary. The image thus obtained is binarized in fig.8 (d) to  

make it suitable for extract ion of closed outer loop. 

       

 
Figure. 8. Feature extraction 

 

VIII. CO NCLUSION  

 

In this paper we have discussed the various methods which are 

used for ear biometric recognition. Ear biometrics is the 

emergent technology in biometric identification techniques for 

human identificat ion on the basis of the features extracted from 

the ear image. Ear biometric using Genetic algorithm is good ear 

biometric authentication method as compared with other ear 

biometric methods. 
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