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Introduction

Different Deep Learning Techniques for 
Different Biometric Traits

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.
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Identification Using Deep Learning

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Trained Classifier

Sample

Integer Identifier

Deep Learning

Use samples of every individual during the training step

Algoritmic

For each template i in Gallery
M(i) = identiry_verification(Fresh, Gallery(i))

end
ID = argmax(M)

Identity Verification Using Deep Learning (1/2)

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Training

Verification

Template A
Matcher

DBDB

Template B
Matching

Score
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Face

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Deep Learning Appraoches for Face 
Recognition
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Yi Sun, Yuheng Chen, Xiaogang Wang, and Xiaoou Tang,Deep learning 
face representation by joint identification-verification, in Proc. of the 
27th Int. Conf. on Neural Informatio Processing Systems, 2014.

Examples of Face recognition methods (1/2)

Feature extraction

Matching
– PCA for dimensionality reduction
– Log likelyhood ratio

Jinguo Liu, Yafeng Deng, and Chang Huang, Targeting ultimate 
accuracy: Face recognition via deep embedding, 2015.

Examples of Face recognition methods (1/2)
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Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Face Recognition

Chenfei Xu, Qihe Liu, Mao Ye, Age invariant face recognition and 
retrieval by coupled auto-encoder networks, Neurocomputing, vol. 222, 
2017, pp. 62-71.

Age Invariant Face Recognition
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Chenfei Xu, Qihe Liu, Mao Ye, Age invariant face recognition and 
retrieval by coupled auto-encoder networks, Neurocomputing, vol. 222, 
2017, pp. 62-71.

Rotation Invariant Face Recognition

H. Li, Z. Lin, X. Shen, J. Brandt and G. Hua, A convolutional neural
network cascade for face detection,  in Proc. of the IEEE Conf. on 
Computer Vision and Pattern Recognition (CVPR), 2015, pp. 5325-5334.

Face Detection (1/2)



30/10/2018

8

X. Sun, P. Wu, S.C.H. Hoi, Face detection using deep learning: An 
improved faster RCNN approach, Neurocomputing, volume 299, 2018, 
pp. 42-50.

Face Detection (2/2)

H. Fan, E. Zhou, Approaching human level facial landmark localization by 
deep learning, Image and Vision Computing, vol. 47, 2016, pp. 27-35.

Estimation of Fiducial Points
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A. Anand, R. Donida Labati, A. Genovese, E. Muñoz, V. Piuri and F. Scotti, Age estimation based
on face images and pre-trained Convolutional Neural Networks, in Proc. of the IEEE Symp. on 
Computational Intelligence for Security and Defense, pp. 1-7, November 27-30, 2017.

Age Estimation

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Age Estimation
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K .Zhang, C. Gao, L. Guo. M. Sun, X. Yuan, T.X. Han, Z. Zhao, B. Li, Age 
Group and Gender Estimation in the Wild With Deep RoR Architecture, 
IEEE Access, vol. 5 , 2017.

Gender and Ethnicity Estimation

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Gender and Ethnicity 
Estimation
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N. Jain, S. Kumar, A. Kumar, P. Shamsolmoali, M. Zareapoor,
Hybrid deep neural networks for face emotion recognition,
Pattern Recognition Letters, 2018.

Emotion Estimation

Fingerprint
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K. Cao and A. K. Jain, Automated Latent Fingerprint Recognition, in IEEE 
Trans. on Pattern Analysis and Machine Intelligence, 2017.

Latent Fingerprint

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Fingerprint Recognition
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Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

• Local features

• Repetitive pattern

• Rotations

• Non‐linear distortions

Live fingerprint acquisitions?

J. M. Shrein, Fingerprint classification using convolutional neural
networks and ridge orientation images, 2017 IEEE Symposium Series on 
Computational Intelligence (SSCI), 2017, pp. 1-8.

Fingerprint Classification
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L. N. Darlow and B. Rosman, Fingerprint minutiae extraction using deep 
learning, IEEE International Joint Conference on Biometrics (IJCB), 2017, 
pp. 22-30

Minutiae Extraction

Pore Extraction (1/2)

R. Donida Labati, A. Genovese, E. Muñoz, V. Piuri, F. Scotti, A novel pore
extraction method for heterogeneous fingerprint images using Convolutional
Neural Networks, Pattern Recognition Letters, Vol. 113, 2018, pp. 58-66.
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R. Donida Labati, A. Genovese, E. Muñoz, V. Piuri, F. Scotti, A novel pore
extraction method for heterogeneous fingerprint images using Convolutional
Neural Networks, Pattern Recognition Letters, Vol. 113, 2018, pp. 58-66.

Quality Estimation

Iris



30/10/2018

16

N. Liu, M. Zhang, H. Li, Z. Sun, T. Tan, DeepIris: Learning pairwise filter
bank for heterogeneous iris verification, Pattern Recognition Letters, vol. 
82, 2016, pp. 154-161.

Iris Recognition

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Iris Recognition
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E. Jalilian, A. Uhl, Iris Segmentation Using Fully Convolutional Encoder–
Decoder Networks. In Deep Learning for Biometrics, Springer, Cham, 
2017.

Iris Segmentation

Other Biometric Traits
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R. Donida Labati, E. Muñoz, V. Piuri, R. Sassi, F. Scotti, Deep-ECG: 
Convolutional Neural Networks for ECG biometric recognition, Pattern 
Recognition Letters, 2018.

Electrocardiographic Signals (ECG)

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Speaker Recognition
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Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Signature Verification

Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Palmprint Verification
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Kalaivani Sundararajan,D. L. Woodard, Deep Learning for 
Biometrics: A Survey, ACM Comput. Surv. 51, 3, May 2018.

Some Results for Gait Recognition

Discussion
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Impact of Deep Learning in Biometrics

• Feature learning

• Invariant representations

• Generalization capability

• Beyond bag of words features

Real-World Applicability

• Beyond face and voice recognition

• Scaling up in terms of identification

• Large‐scale datasets

• Dataset quality

• Computing resources

• Training speed‐up

• Behavioral biometrics


