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1. INTRODUCTION

Biometric can be described as the set of methodologies that are used to estimate the bodily and
behavioral features of a people in order to verification and identification process [1-3]. People verification
using biometric models consider an important and common investigation area. One of the biometric models,
ear structure is a distinct portion of the people structure with many different properties like form, skin, pose,
and other [4-6]. The ear shape is commonly not greatly alteration in the ear shape geometry excluding the ear
long is extended with time [7-10]. Ear recognition system is a newest mechanism and upcoming way
for people verification. Therefore, the high matching level and false verification degree are big motivating
because to the ear image hard structure [11-13]. Due to the rapid technological development, we need new
approaches for personal verification. The main contribution of this research are:

- Toshed light on a new approach, it is ear verification process.
- Comparing to other biometrics like fingerprint, face and iris, the ear is less popular.

That is because it is a new approach and not supported commercially. This method is helpful in
medical field to recognize the identity of dead bodies [14-18]. Through this research we are going to prove
the importance of this specific biometric, the ear authentication process in order to be used in other
technological fields like in personal security process [19-25]. Ear structure is a distinctive organism of Man's
body structure which has many different unique characteristics like form, skin, pose, and others [26-36].
In recent years, a few articles have been published on ear recognition system. Anwar et al. [5] in 2015,
proposed a new technique to ear recognition system using geometrical features which are extracted from
edge ear image such as mean, distance, shape, centroid, and mean. Akhavansaffar et al. [6] in 2017, presented
the way to mixed two biometric models of face and ear to suggest a multimodal biometric framework which
is reliable and secure. The idea based on combine the features of face and ear using probability neural
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networks. In this paper the ear recognition approach is implemented via many steps, these steps are
concentrated on image capturing, transforming color image to grey scale image, image binarization by
Laplace operator [7], morphological operations [8], feature extraction [9] and matching [10] to get
the final decision [11].

2. THE PROPOSED APPROACH OF EAR VERIFICATION

In this proposed approach, a moments as ear feature extractor is applied to identify the human.
The aim is to compute moment’s features from the ear image after several operations. Then, the matching
process is done in order to decide the final decision. We describe outline of the proposed approach
in the Figure 1.
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Figure 1. Block diagram of biometric verification approach based on ear image

In the first step, preparation of input image to proposed approach is standup. In second step,
the Binarization operation is applied on ear image. In the third step, the erosion operation is done. The feature
extraction operation is described in the fourth step. Last step, describe the matching between query ear
images with ear images. The main steps of biometric verification approach as shown in
the following algorithm:

Input: Ear Image

Output: Result of verification

Begin

Step 1: Load ear image and save pixels intensity to matrix with equal size to the image dimensions.

Step 2:Separate the bands of color ear image to three isolated channels (Red, Blue, and Green).

Step 3: Transform the three color bands to gray scale space G (i,j) and remove the undesired details.

Step 4: Perform the edge detection operation using Laplace filter in order to generate the binary image
(Binarization) B (i,j).

Step 5: Apply the morphological technique (erosion) on the binary image which produce during step 5.
Step 6: Compute the moment invariants based on thin (erosional) structure in order to extract the ear
features.
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Step 7: The matching process between the computed moment invariants with all possible moment
invariants that store in database already.

Step 8: Produce the result of verification:

If the similarity ratio satisfy the verification condition then

Print “the person information”; this means the person is verified.

Else Print “the person is not verified”.

End.

The input data to the proposed approach is color ear image which is taken by camera Nikon or can
be acquired from dataset. It was gotten with size of 460x720in file format of bmp. The colored ear image will
transform to one color image (monochrome). It involves the illumination data only, no have color data.
This done by using the following formal:

Intensity Relationship (1)=[0.299*R+0.587*G+0.114*B] 1)

where 1 represent the level of intensity, R, G, and B are the equivalent Red, Green, and Blue bands.
Binarization is the procedure that transforms a monochrome image to a black and white image.
This enhanced the disparity between the edges and vales in an ear image, and in sequence simplifies
the features extraction from ear structures image. In this process the Laplace operator is used.

When the ear image is transformed to binary style, then, morphological operation (erosion) used to
determine the actually edges in the ear image based on the structure element. This operation is very important
in order to make next step easy and accurate to implement. The goal is shrinks the edge width to single pixel
wide. The erosion need to achieve without changing the original edge. Moment’s technique is usually used in
the pattern resonation during the feature extraction stage. The goal of applying orthogonal moments as ear
feature descriptors is encouraged by the theory that basic structures of both pattern and ear are based on tinny
structure and the moment can define ears individually regardless other details of local features.
This motivated us to use the moment’s features to describe the ear boundaries. These features of moments are
accomplished to describe geometrical and statistical features comprising edge structure data around ear.

In order to decide whether input ear image is verified or not, the matching process among calculated
moment values with each probable moment values is performed. After that, the two sets of moment values
are generated to describe the correlation degree of input ear image with ear images in database efficiently.
The similarity measure used for both sets of moment values (for input ear image and template ear image) in
order to measured the similarity ratio value. To calculate the similarity, correlation coefficient between
the two sets moment values is estimated as follows manner:

_ nyxy—(Ex)Zy)
\/n(szj—(ZX)z \/n(z v )-(2y) )

where x and y templates has a robust linear correlation, the ratio is very near to 1. If the result is equal to 1
this mean there is fully fit.

3.  EXPERIMENTAL RESULTS

This part describes complete analyses for the achieved results when perform the proposed ear
verification approach. During this testing, the several ear images have been tested in order to assess
the accuracy of proposed ear verification approach. In this experimental, the results are agreed from four
samples of ear images. Figure 2 illustrations the one sample of input ear image with their images which
resulting after applied each steps. As recognized in Figure 2, the erosion image more suitable in order to
extract the moment’s features because has high level of actual ear structure. Table 1 introduces the moment
values were calculated for input ear image.

After calculated the moment values for input ear image, these values will compare with each
template in database in order to identify the person. The verification process is done through compute
the correlation coefficient between calculated moment values and corresponding moment values in database.
Table 2 presents the results of correlation coefficient for moment values.
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Figure 2. a) Input ear image, b) Monochrome image, c) Edges image, d) Erosion image

Table 1. The moment values of input ear image
Moment Values

@ 0547186

1.426736

2.757601

2.476246

5.392831

3.259420

3.783775

Table 2. The results of correlation coefficient for moment values.
Moment Values for input ear image Values for ear image in database

1 0547186 0528733

1.426736 0.989907
2.757601 2.729011

¢
¢
¢ 2.476246 2.629002
¢
¢

5.392831 5.190923
5
3.259420 3.257622
6
¢ 3.783775 3.6723990
7
Correlation 0.993066

4. CONCLUSION

In this paper, ear biometric system for verifying the identity of people has been presented.
Seven values of moment invariants are extracted from ear image as features vector. As noted, the erosion
morphological operation play very important role in obtained high accurate correlation in matching process
and reduce the run time. For test the efficiency of proposed approach set of ear images for different persons
are used. The experimental results demonstrated that the ear biometric approach achieves high rate of results
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and produced accuracy degree approximately 99.3% on the whole tested ear images. In the future work,
more dataset of ear images can used to test the performance of the ear biometric approach with more
limitations such as ear covered with hair.

REFERENCES

[1] A. Mansour, M. Sadik, E. Sabir and M. Jebbar, "AMBAS: An Autonomous Multimodal Biometric Authentication
System,” 2017 13th International Wireless Communications and Mobile Computing Conference (IWCMC),
pp. 2098-2104, 2017. doi: 10.1109/IWCMC.2017.7986607.

[2] A. K. Jain, A. Ross and S. Prabhakar, "An introduction to biometric recognition,” in IEEE Transactions on Circuits
and Systems for Video Technology, vol. 14, no. 1, pp. 4-20, Jan. 2004. doi: 10.1109/TCSVT.2003.818349.

[3] Wencheng Yang, et al., “Security and Accuracy of Fingerprint-Based Biometrics: A Review,” Journal of
Symmetry, vol. 11, no.2, pp. 141, 2019.

[4] Zhou, H., et al., “Recent advances on singlemodal and multimodal face recognition: A survey,” IEEE Transactions
on Human-Machine Systems, vol. 44, no.6, pp. 701-716, 2014.

[5] Asmaa Anwar, Kareem A.Ghany, and Hesham Elmahdy, “Human Ear Recognition Using Geometrical Features
Extraction” International Conference on Communication, Management and Information Technology (ICCMIT
2015), Procedia Computer Science 65, pp. 529-537, 2015.

[6] Mostafa Akhavansaffar, Mostafa Ardakan, and Ali Nakhaei, “A Multimodal Biometric Authentication System
Using Ear and Face,” Journal of Computers, vol. 13, no. 7, pp. 876-888, 2018.

[71 Yuancheng Luo and R. Duraiswami, "Canny edge detection on NVIDIA CUDA," 2008 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition Workshops, Anchorage, AK, pp. 1-8, 2008.
doi: 10.1109/CVPRW.2008.4563088.

[8] Ravi S and A M Khan, “Morphological Operations for Image Processing: Understanding and its Applications,”
In Conference Proceedings NCVSComs, 2013.

[91 A. Ray and T. Acharya “Image Processing Principles and Applications,” Published by John Wiley and Sons,
New Jersey, 2005.

[10] I. Avcibas, B. Sankur, and K. Sayood, “Statistical Evaluation of Image Quality Measures,” Journal of Electronic
Imaging, vol.11, no. 2, pp. 206-223, 2002.

[11] Danko Nikoli, Raul Mures, Weijia Feng and Wolf Singer “Scaled correlation analysis: a better way to compute
a cross-correlogram” European Journal of Neuroscience, vol. 35, no. 5, pp. 742-762, 2012.

[12] M. A. Ahmed, R. A. Hasan, A. H. Ali, and M. A. Mohammed, "The classification of the modern arabic poetry
using machine learning," Telkomnika, vol. 17, no. 5, pp. 2667-2674, 2019.

[13] A. H. Ali, "A Survey on Vertical and Horizontal Scaling Platforms for Big Data Analytics," International Journal
of Integrated Engineering, vol. 11, pp. 138-150, 2019.

[14] A. H. Ali, "Fuzzy generalized Hebbian algorithm for large-scale intrusion detection system," International Journal
of Integrated Engineering, vol. 12, no. 1, pp. 81-90, 2020.

[15] A. H. Ali and M. Z. Abdullah, "Recent trends in distributed online stream processing platform for big data:
Survey," in 2018 1st Annual International Conference on Information and Sciences (AiCIS), pp. 140-145, 2018.

[16] A. H. Aliand M. Z. Abdullah, "A novel approach for big data classification based on hybrid parallel dimensionality
reduction using spark cluster," Computer Science, vol. 20, no. 4, pp. 413-431, 2019.

[17] M. A. H. Ali, "An Efficient Model for Data Classification Based on SVM Grid Parameter Optimization and PSO
Feature Weight Selection," International Journal of Integrated Engineering, vol. 12, no. 1, pp. 1-12, 2018.

[18] O. A. Hammood, et al., "An effective transmit packet coding with trust-based relay nodes in VANETS," Bulletin of
Electrical Engineering and Informatics, vol. 9, no. 2, pp. 685-697, 2020.

[19] O. A. Hammood, M. N. M. Kahar, and M. N. Mohammed, "Enhancement the video quality forwarding Using
Receiver-Based Approach (URBA) in Vehicular Ad-Hoc Network," in 2017 International Conference on Radar,
Antenna, Microwave, Electronics, and Telecommunications (ICRAMET), pp. 64-67, 2017.

[20] O. A. Hammood, et al., "The VANET-Solution Approach for Data Packet Forwarding Improvement,"
Advanced Science Letters, vol. 24, no. 10, pp. 7423-7427, 2018.

[21] O. A. Hammood, M. N. M. Kahar, M. Nafaa, and W. A. Hammood, "RESP: Relay Suitability-based Routing
Protocol for Video Streaming in Vehicular Ad Hoc Networks," International Journal of Computers,
Communications & Control, vol. 14, no. 1, pp. 21-38, 2019.

[22] R. A. Hasan, et al., "HSO: A Hybrid Swarm Optimization Algorithm for Reducing Energy Consumption in
the Cloudlets," Telkomnika, vol. 16, no. 5, pp. 2144-2154, 2018.

[23] R. A. Hasan, M. A. Mohammed, N. Tapus, and O. A. Hammood, "A comprehensive study: Ant Colony
Optimization (ACO) for facility layout problem," in 2017 16th RoEduNet Conference: Networking in Education
and Research (RoEduNet), pp. 1-8, 2017.

[24] R. A. Hasan and M. N. Mohammed, "A krill herd behaviour inspired load balancing of tasks in cloud computing,”
Studies in Informatics and Control, vol. 26, no. 4, pp. 413-424, 2017.

[25] Z. F. Hussain, et al., "A new model for iris data set classification based on linear support vector machine
parameter's optimization," International Journal of Electrical & Computer Engineering, vol. 10, no. 1,
pp. 1079-1084, 2020.

Ear biometric verification approach based on morphological and geometric invariants (Wurood A.Jbara)



1484 0O ISSN: 2502-4752

[26] M. A. Mohammed and R. A. Hasan, "Particle swarm optimization for facility layout problems FLP—A
comprehensive study,” in 2017 13th IEEE International Conference on Intelligent Computer Communication and
Processing (ICCP), pp. 93-99, 2017.

[27] M. A. Mohammed et al., "A Focal load balancer based algorithm for task assignment in cloud environment,” 2018
10th International Conference on Electronics, Computers and Artificial Intelligence (ECAI), lasi, Romania,
pp. 1-4, 2018. doi: 10.1109/ECAI.2018.8679043.

[28] M. A. Mohammed, A. A. Kamil, R. A. Hasan, and N. Tapus, "An Effective Context Sensitive Offloading System
for Mobile Cloud Environments using Support Value-based Classification,” Scalable Computing: Practice and
Experience, vol. 20, no. 4, pp. 687-698, 2019.

[29] M. A. Mohammed, et al., "Green Energy Sources: Issues and Challenges,” in 2019 18th RoEduNet Conference:
Networking in Education and Research (RoEduNet), pp. 1-8, 2019.

[30] M. A. Mohammed, Z. H. Salih, N. Tapus, and R. A. K. Hasan, "Security and accountability for sharing the data
stored in the cloud,” in 2016 15th RoEduNet Conference: Networking in Education and Research, pp. 1-5, 2016.

[31] M. A. Mohammed and N. TAPUS, "A Novel Approach of Reducing Energy Consumption by Utilizing Enthalpy in
Mobile Cloud Computing,” Studies in Informatics and Control, vol. 26, no. 4, pp. 425-434, 2017.

[32] N. Q. Mohammed, et al., "Comparative Analysis between Solar and Wind Turbine Energy Sources in 10T Based on
Economical and Efficiency Considerations,” in 2019 22nd International Conference on Control Systems and
Computer Science (CSCS), pp. 448-452, 2019.

[33] M. A. A Royida A. lbrahem Alhayali, Yasmin Makki Mohialden, Ahmed H. Ali, "Efficient method for breast
cancer classification based on ensemble hoffeding tree and naive Bayes,” Indonesian Journal of Electrical
Engineering and Computer Science, vol. 18, pp. 1074-1080, 2020.

[34] z. H. Salih, G. T. Hasan, and M. A. Mohammed, "Investigate and analyze the levels of electromagnetic radiations
emitted from underground power cables extended in modern cities," in 2017 9th International Conference on
Electronics, Computers and Artificial Intelligence (ECAI), pp. 1-4, 2017.

[35] Z. H. Salih, et al., "Study the Effect of Integrating the Solar Energy Source on Stability of Electrical Distribution
System," in 2019 22nd International Conference on Control Systems and Computer Science (CSCS),
pp. 443-447, 2019.

[36] N. D. Zaki, et al., "A real-time big data sentiment analysis for iragi tweets using spark streaming,” Bulletin of
Electrical Engineering and Informatics, vol. 9, no. 6, 2020.

Indonesian J Elec Eng & Comp Sci, Vol. 20, No. 3, December 2020 : 1479 - 1484



