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Abstract 

 
            Biometric authentication of a person is highly challenging and complex problem. A significant research 

effort has gone into this areas and a number of research works were published. Biometrics is a growing 

technology , which has been widely used in forensics, secured access , prison security, medical, and robotics 

areas, ecommerce, government, health care the security issues etc., are more important. In this paper, we 

consider human ear biometrics since ears are the novel biometric with major advantages. Recognizing people by 

their Ear is relatively new class of biometrics. Several reasons account for this trend, First: ear recognition does 

not suffer from some problems associated with other non contact biometrics, such as face recognition; Second: 

shape and features of ear are unique for each person and invariant with age and structure of the ear is fairly 

stable and robust to change in facial expressions. It is most promising candidate for combination with the face in 

the context of multipose face. The main objectives of this research are to analyse local and global feature 

extraction of ear using feature level fusion and matching score level fusion, to analyse the performance and to 

find out which approach best suits for the extraction of features with improved accuracy and security. Pre-

processing is an initial step which includes noise removal using median filter, finding standard deviation, 

converting the input image into greyscale. The next stage involves extracting the features of ear in which first 

the edges are detected using zero-cross edge detection method and from the detected edge the local and global 

features are extracted. Thus by using these fusion methods, the performance is analysed with entropy values 

based on hamming distance matching technique. 

 
Keywords: Ear biometrics, feature level fusion, zero-cross edge detection, entropy, Hamming distance 

approach. 
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1. Introduction 

       Biometrics" means "life measurement" but the term is usually associated with the use of unique 

physiological characteristics to identify an individual. The application which most people associate with 

biometrics is security.   Biometrics is automated methods of recognizing a person based on a physiological or 

behavioural characteristic. Usually there are different methods for verifying identity of individuals: (i) cards, 

badges, keys are used as identity which very common method (ii) knowledge like password, Personal 

Identification Number (PIN); (iii) biometrics like fingerprint recognition, face recognition , ear recognition.  

There are several application areas where biometrics can be used. Basically there are two types of application 

scenarios. Identification, Who I am? and verification, Am I who I claim I am? A biometric system can be 

either an 'identification' system or a 'verification' (authentication) system, which are defined below. 

Identification - One to Many: Biometrics can be used to determine a person's identity even without his 

knowledge or consent. Verification - One to One: Biometrics can also be used to verify a person's identity. In 

identification there is a database with biometrics and the just taken biometric, e.g. hand shape is compared with 

the biometrics in database and system decides who the person is? In verification the comparison is done only 

with data, which is known to be valid for the approved person, e.g. the fingerprint or hand shape is included in 

an identification card. 

 

                              
Fig1: General Biometric System 

 

 In Fig 1 shows typical architecture of all biometric systems consists of two phases 

 Enrollment: Several images of hand are taken from the users. The images called templates, are pre-processed 

to taken to feature extraction part, where a set of measurement is performed by using some tools by using 

automated systems in different software like mat lab and Lab VIEW. It depends on the method used for 

recognition. Models for each of the users is then stored in the database.                              
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Authentication:  Requires to compare a registered or enrolled biometric sample (biometric template or 

identifier) against a newly captured biometric sample (for example, the one captured during a login). This is a 

three-step process (Capture, Process, Enroll) followed by a Verification or Identification process. 

The most commonly used biometrics are fingerprints, face, voice, iris, signature, and hand geometry, ear 

biometrics shows in Fig 2. 

  

               

Fig 2: Biometrics systems 

 

Biometrics can measure both physiological and behavioural characteristics 

Physiological:  Characteristics are related to the shape of the body. 

Physiological biometrics: Finger-scan, Facial Recognition,  Iris-scan, Retina-scan, Hand-scan, ear 

biometrics. 

Behavioural: Based on measurements and data derived from an action. 

Behavioural biometrics:  Voice-scan , Signature-scan, Keystroke-scan. 

The biometric characteristics satisfy the following characteristics: 

1. Universal                                    

2. Invariance of properties 

3. Measurability 

4. Singularity 

5. Acceptance 

6. Reducibility 

7. Privacy 
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8. Comparable 

9. Inimitable 

10. Reliability and tamper-resistance 

Comparison of Various Biometric Technologies:  

The choice of a particular human characteristic to be used as a biometric trait depends on the following criteria: 

• Uniqueness is how well the biometric separates individually from another.  

• Permanence measures how well a biometric resists aging.  

• Collectability ease of acquisition for measurement.  

• Performance accuracy, speed, and robustness of technology used.  

• Acceptability degree of approval of a technology.  

• Universality the quality of being universal; existing everywhere.  

 
BIOMETRIC
S  

UNIVERSAL
ITY  

UNIQUENES
S  

PERMANEN
CE  

COLLECTA
BILITY  

PERFORMA
NCE  

ACCEPTABI
LITY  

Face  H L M H L H 
Fingerprint  M H H M H M 
Hand 
Geometry  

M M M H M M 

Ear  H H M M M H 
Iris  H H H M H L 
Retinal scan  H H M L H L 
Signature  L L L H L H 
Voice  M L L M L H 
DNA  H H H L H L 
 

Fig 3: comparison of various biometric techniques with its strengths and weakness 

 

2. Overview of Ear Biometrics 

             The detailed structure of the ear is not only unique, but also permanent, as the appearance of the ear 

doesn’t change over the course of the human life. Using ears in identifying people has been interesting at least 

100 years. Ear shape applications are not commonly used yet, but the area is interesting especially in crime 

investigation. Because of some qualities, the interest in ear recognition systems has grown significantly in recent 

years.                                                 

Ear Recognition: 

Fig 4 shows the part of ear which are following: 

1. Helix 

2. Lobule(Ear Lobe) 

3. Antihelix 

4. Concha 

5. Tragus 

6. Antitragus 
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7. Crus of helix 

 

                                            
Fig 4: Ear Topology 

2.1 Why Ear Recognition over other Technology?  

There are number reasons to choose ear recognition is following:  

a) Ear biometrics are convenient and because their acquisition tends to be perceived as less     invasive.  

b) It is accurate and allows for high enrolment and verification rates.  

c) It does not require an expert to interpret the comparison result.  

d) It can use with existing cameras and image capture devices will work with no problems.  

 

Ear detection has collect little attention match up to other popular biometrics such as face, fingerprint and gait. 

Ear is a workable new class of biometrics since the ear has desirable properties such as universality, 

distinctiveness and stability. Previous research has suggested the use of ears as a biometric for human 

identification. Researchers have advocated that the shape and appearance of the outer ear for humans is unique, 

and relatively unchanged throughout the lifetime of an individual. Although no one has proved that each 

person‘s ears are unique. Face changes radically based on expression, that problem does not exist with ears In 

addition, the immediate background of the ear is very predictable it is always located on the side of the head, 

whereas facial recognition typically requires a controlled background for accurate capture a situation that 

is obviously not always present. Unlike iris, retina, or fingerprint capture which are contact biometrics, the ear 

does not require close proximity to achieve capture. Figure shows the common terminology of the external ear. 

Ears have played a significant role in forensic science. All identification or authentication technologies operate 

using the following four stages:  

a) Capture: A sample is captured by the camera during Enrolment and also in identification or verification 

process, it is taken by any digital camera and easy to use .  

b) Extraction: by this unique data is extracted from the sample by using different techniques and a template is 

created by using it on different platforms like matlab and Lab VIEW.  
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c) Comparison: the template is then compared with a sample .  

d) Match/non match: ear recognition is very complex technology and is largely software based, the system 

decides if the features extracted from the new samples are a match or a non match.  

 All Steps of ear recognition shown in Fig 5. 

Step 1                  Capturing of side face image by digital camera or other sensor. 

Step 2       Extraction of the ear and processing to get template by using                   
. LABVIEW. 

Step 3  Comparison of template of image with sample to make decision. 

Step 4  Now matching takes place which decide that match or not match. 

Fig 5: Steps of ear recognition. 

 
2.2 Fusion Methods for Ear Biometrics: 

     Unimodal biometrics system relies on a single biometric for identifying a person. The inter-level and intra-

level fusion best describes the fusion at different levels. Inter-level fusion is fusing multiple biometric traits to 

form a template. Intra-level fusion combines different feature sets of single trait to form a template. In this 

research, intra-level fusion is performed to analyse the performance of ear biometrics. 

 The following are some of the biometric fusions at different levels:  

• Sensor level  

• Feature level  

• Matching Score level  

• Decision level  

• Rank level  

a. Sensor level:  

Raw data from the sensors are combined at this level. This is referred to as image level or pixel level fusion. 

Sensor level fusion can benefit multi-sample systems which capture multiple snapshots of the same biometrics.  

b. Feature level:  

The input data from the sensors is taken and after the extraction of the feature different feature sets are formed. 

These different feature sets are combined for appropriate match by using matching technique.  

c. Matching score level:  

After extracting the feature, the scores are being generated from different modules that are combined to produce 

a single score. Final decision is taken by considering the fused score. Normalization and Similarity/ 

Dissimilarity Score are used for making final decision.  

d. Decision level:  

Decision level fusion is the highest level fusion of biometric evidences. It takes the decision based upon the 

number of matches performed. It also has own threshold and it individually makes its decision.  

e. Rank level:  

For identification, the output is the ranks of enrolled identities. This fusion scheme is used to consolidate the 

ranks of individual biometric systems to derive a fused rank for each identity. It reveals less information than 
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match scores. Unlike match scores, the ranking output by multiple biometric systems are comparable. Hence the 

accuracy of biometric systems can be increased by using any of the above fusion methods. 

3. METHODOLOGY 
 
The main processes that are performed in this project are described below: 

 a. Input Acquisition: Normally image is captured using Digital cameras, Minolta vivid 300 cameras, 

Minolta vivid 910 cameras can be used to capture ear images. In this project, the input images are taken from 

existing IIT Delhi Ear database. 

 b. Ear Image Enhancement: In any biometric system the first phase is biometric image enhancement. The 

images of different biometric traits in this case, ear, are needed to be pre-processed before use them for feature 

extraction. The enhancement process starts with removal of noise. The original image of biometric traits may 

contain noises. These noises are normally generated at the time of capturing the image. Median filter is used 

here to remove the noise. Local standard deviation computation is made to enhance the dimension of the output 

image so that it helps to detect edges clearly. Then automated cropping is made to acquire the needed part of the 

ear image. Figure 6. shows Local standard deviation computation and cropped image. By using image’s 

histogram, the contrast adjustment is done for cropped image. 

 

                                            
                                                
 

Fig 6: Local standard deviation computation and cropped image 
 

c. Edge detection and Feature extraction: The zero-cross method is used here for finding the edges by 

looking for zero crossings after filtering image, I with a filter 

                                                                   BW=edge (I)  

This method is often combined with the Laplacian of a Gaussian filter, but any filter that approximates the 

second derivative of the image’s data will work. If the filter is not provided, then zero crossing uses the 

equivalent of this filter:  
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                                                            H=fspecial (`log’, 13, 2)  

where fspecial creates a two-dimensional filter `H’ of the specified `type’.                                                                                              

               
 

Figure 7: Edge Detection and ROI Detection for input image 

 
Feature extraction is the most important and main part of digital image processing. After completion of both 

enhancement and ROI selection operation the images are ready for feature extraction. Concha part is taken as 

the local feature and Outer Helix is taken as the global part of ear image. The rectangular area of radius R is 

cropped around the selected key points and aligned on its principle axis to extract the desired feature. Since the 

output of the global feature is less compared to local feature, it is resized to local feature’s size for fusion. 

  
 

Figure 8: Extracted Local and Global feature 
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d. Fusion Strategies and matching technique:  

Feature level fusion: The feature level fusion is realized by concatenating the feature points obtained from 

Concha part and Outer Helix part of information .The concatenated feature set has better discrimination power 

than the individual feature vectors.  

Matching score level fusion: By using product rule, the scores are produced and sent to decision module for 

matching template in the database. 

Template matching: Hamming distance matching technique is used for both feature level fusion and 

matching score level fusion to find whether the image is matched to the database or not .This technique is used 

to find the points that are different in two images that is placed for matching.  

For eg:  Hamming distance for `roses ‘and `toned’ is 3. 

 
 
 
 
 

 
 
 
 
 
 

Figure 9: Feature level and Matching score level fusion. 
 

e. Performance analysis: Entropy is the metric used here for objective assessment which is evaluated as if 

entropy of fused image contains more information than the other image then fused image is said to have more 

information. Here entropy value for fused image using feature level fusion and matching score level fusion has 

been found and the graph has been plotted for analysis. 
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Figure 10: Entropy value and graph for feature level fusion image 
 

 

     
 

Figure 11: Entropy values and graph for Matching score level fusion image 
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4. Results                             
                                                 Table-1 
 

Entropy Values For Feature Level Fusion And Matching Score Level Fusion 

 
The above graphs and table shows that the entropy value for feature level fusion is higher than matching score 

level fusion. Therefore it is concluded that feature level fusion method contains more information than matching 

score level fusion. 

 
5. Conclusion 

         Different approaches for ear recognition were discussed in this paper. Biometrics play a important role in 

personal identification, the importance of biometrics in everyday life has been discussed and different 

biometrics technologies are introduced. It has been shown that ear biometrics can be used for identification and 

for the further development it is a good biometric and is comparable to that of face. The work is focused on 

fusion between Outer Helix part and concha part of ear image. The operation gives an efficient result in 

matching and detecting correct image pairs. When both the feature level fusion and matching score level fusion 

is used for these images, it results with 100% accuracy. However, in this research, some consideration has been 

done as listed below:  

• The ear images database which is used here contains ear images of very small size that is 300 x 400 

pixels. To perform all the operations on the new ear images it must be resized to the above size and 

this resize operation is based on manipulation of pixel values.  

• The ear images which are considered here are good quality images and all have the same angle with 

the camera. So any other corrective operations are not required here.  

• The fusion process done here is with the ear images that are without occlusions. 
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