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Abstract

This paper presents a multimodal facial anti-spoofing framework based on a Deep
Learning approach using a stereo vision and voice sensing system. This framework is part
of a project for an intelligent receptionist robot and its function is to authenticate people
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by applying a face recognition redundancy process that prevents the identity theft of a
person. The proposal consists of a smart screen that has a multimodal sensing system
including cameras and audio. The redundancy approach pipeline for face recognition
contains a face and voice recognition module and a 3D face verification module to
determine whether the person is real. The system initially acquires and processes a
stream of images and audio in real-time, using deep neural networks it detects and
recognizes the face and voice of a person, then aligns the images from two cameras and
obtains the 3D point cloud of the detected human face in the scene, and finally uses this
3D information to verify whether the recognized person is real. The proposed solution is
evaluated with different people to validate the effectiveness of the system. The dataset will

be available for the research community.

6 This is a preview of subscription content, login via an institution (2 to check

daccess.

Access this chapter

Subscribe and save

@ Springer+ Basic $34.99 /Month

Get 10 units per month
Download Article/Chapter or eBook
1Unit = 1Article or 1 Chapter

Cancel anytime

( Subscribe now > )

Buy Now

A Chapter USD 29.95


https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-97-6995-7_4
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-97-6995-7_4
https://link.springer.com/product/springer-plus

Price excludes VAT (Ecuador)

Available as PDF
Read on any device
Instant download

Own it forever

v eBook USD 199.99

v Softcover Book USD 249.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Institutional subscriptions >

Notes

1. https://pypi.org/project/face-recognition/.

References

1. Agarwal A, Yadav D, Kohli N, Singh R, Vatsa M, Noore A (2017) Face presentation
attack with latex masks in multispectral videos. In: Proceedings of the ieee conference

on computer vision and pattern recognition workshops, pp 81-89

Google Scholar



https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://pypi.org/project/face-recognition/
https://scholar.google.com/scholar?&q=Agarwal%20A%2C%20Yadav%20D%2C%20Kohli%20N%2C%20Singh%20R%2C%20Vatsa%20M%2C%20Noore%20A%20%282017%29%20Face%20presentation%20attack%20with%20latex%20masks%20in%20multispectral%20videos.%20In%3A%20Proceedings%20of%20the%20ieee%20conference%20on%20computer%20vision%20and%20pattern%20recognition%20workshops%2C%20pp%2081%E2%80%9389

. AtoumY, LiuY, Jourabloo A, Liu X (2017) Face anti-spoofing using patch and depth-
based CNNs. In: 2017 IEEE international joint conference on biometrics (IJCB). IEEE,
pp 319-328

Google Scholar

. Burton AM, Wilson S, Cowan M, Bruce V (1999) Face recognition in poor-quality

video: Evidence from security surveillance. Psychol. Sci. 10(3):243-248

Google Scholar

. Chen Z, Zhang W, Xie Z, Xu X, Chen D (2018) Recurrent neural networks for
automatic replay spoofing attack detection. In: 2018 IEEE international conference on
acoustics, speech and signal processing (ICASSP). IEEE, pp 2052—-2056

Google Scholar

. Chu CH, Peng SM (2015) Implementation of face recognition for screen unlocking on
mobile device. In: Proceedings of the 23rd ACM international conference on
Multimedia, pp 1027-1030

Google Scholar

. Desplanques B, Thienpondt ], Demuynck K (2020) ECAPA-TDNN: emphasized
channel attention, propagation and aggregation in TDNN based speaker verification.
In: Meng H, Xu B, Zheng TF (eds) Interspeech 2020. ISCA, pp 3830—-3834

Google Scholar

. HeX, Yan S, HuY, Niyogi P, Zhang HJ (2005) Face recognition using laplacianfaces.

IEEE transactions on pattern analysis and machine intelligence 27(3):328—-340

Google Scholar



https://scholar.google.com/scholar?&q=Atoum%20Y%2C%20Liu%20Y%2C%20Jourabloo%20A%2C%20Liu%20X%20%282017%29%20Face%20anti-spoofing%20using%20patch%20and%20depth-based%20CNNs.%20In%3A%202017%20IEEE%20international%20joint%20conference%20on%20biometrics%20%28IJCB%29.%20IEEE%2C%20pp%20319%E2%80%93328
https://scholar.google.com/scholar?&q=Burton%20AM%2C%20Wilson%20S%2C%20Cowan%20M%2C%20Bruce%20V%20%281999%29%20Face%20recognition%20in%20poor-quality%20video%3A%20Evidence%20from%20security%20surveillance.%20Psychol.%20Sci.%2010%283%29%3A243%E2%80%93248
https://scholar.google.com/scholar?&q=Chen%20Z%2C%20Zhang%20W%2C%20Xie%20Z%2C%20Xu%20X%2C%20Chen%20D%20%282018%29%20Recurrent%20neural%20networks%20for%20automatic%20replay%20spoofing%20attack%20detection.%20In%3A%202018%20IEEE%20international%20conference%20on%20acoustics%2C%20speech%20and%20signal%20processing%20%28ICASSP%29.%20IEEE%2C%20pp%202052%E2%80%932056
https://scholar.google.com/scholar?&q=Chu%20CH%2C%20Peng%20SM%20%282015%29%20Implementation%20of%20face%20recognition%20for%20screen%20unlocking%20on%20mobile%20device.%20In%3A%20Proceedings%20of%20the%2023rd%20ACM%20international%20conference%20on%20Multimedia%2C%20pp%201027%E2%80%931030
https://scholar.google.com/scholar?&q=Desplanques%20B%2C%20Thienpondt%20J%2C%20Demuynck%20K%20%282020%29%20ECAPA-TDNN%3A%20emphasized%20channel%20attention%2C%20propagation%20and%20aggregation%20in%20TDNN%20based%20speaker%20verification.%20In%3A%20Meng%20H%2C%20Xu%20B%2C%20Zheng%20TF%20%28eds%29%20Interspeech%202020.%20ISCA%2C%20pp%203830%E2%80%933834
https://scholar.google.com/scholar?&q=He%20X%2C%20Yan%20S%2C%20Hu%20Y%2C%20Niyogi%20P%2C%20Zhang%20HJ%20%282005%29%20Face%20recognition%20using%20laplacianfaces.%20IEEE%20transactions%20on%20pattern%20analysis%20and%20machine%20intelligence%2027%283%29%3A328%E2%80%93340

8. JiaY, Zhang J, Shan S (2021) Dual-branch meta-learning network with distribution

alignment for face anti-spoofing. Trans Inf Forensics Secur 17:138—-151

Google Scholar

O, Jiang F, Liu P, Shao X, Zhou X (2020) Face anti-spoofing with generated near-infrared
images. Multimedia Tools Appl 79:21299-21323

Google Scholar

10. LiC, MaX, Jiang B, Li X, Zhang X, Liu X, Cao Y, Kannan A, Zhu Z (2017) Deep
speaker: an end-to-end neural speaker embedding system. arXiv preprint
arXiv:1705.02304

11. LiL, Feng X, Xia Z, Jiang X, Hadid A (2018) Face spoofing detection with local binary

pattern network. J Visual Commun Image Representation 54:182—-192

Google Scholar

12. LiL, Gao Z, Huang L, Zhang H, Lin M (2019) A dual-modal face anti-spoofing
method via light-weight networks. In: 2019 IEEE 13th international conference on
anti-counterfeiting, security, and identification (ASID). IEEE, pp 70—74

Google Scholar

13. LiX,Wan], JinY, Liu A, Guo G, Li SZ (2020) 3dpc-net: 3d point cloud network for
face anti-spoofing. In: 2020 IEEE international joint conference on biometrics
(IJCB). IEEE, pp 1-8 (2020)

Google Scholar



https://scholar.google.com/scholar?&q=Jia%20Y%2C%20Zhang%20J%2C%20Shan%20S%20%282021%29%20Dual-branch%20meta-learning%20network%20with%20distribution%20alignment%20for%20face%20anti-spoofing.%20Trans%20Inf%20Forensics%20Secur%2017%3A138%E2%80%93151
https://scholar.google.com/scholar?&q=Jiang%20F%2C%20Liu%20P%2C%20Shao%20X%2C%20Zhou%20X%20%282020%29%20Face%20anti-spoofing%20with%20generated%20near-infrared%20images.%20Multimedia%20Tools%20Appl%2079%3A21299%E2%80%9321323
http://arxiv.org/abs/1705.02304
https://scholar.google.com/scholar?&q=Li%20L%2C%20Feng%20X%2C%20Xia%20Z%2C%20Jiang%20X%2C%20Hadid%20A%20%282018%29%20Face%20spoofing%20detection%20with%20local%20binary%20pattern%20network.%20J%20Visual%20Commun%20Image%20Representation%2054%3A182%E2%80%93192
https://scholar.google.com/scholar?&q=Li%20L%2C%20Gao%20Z%2C%20Huang%20L%2C%20Zhang%20H%2C%20Lin%20M%20%282019%29%20A%20dual-modal%20face%20anti-spoofing%20method%20via%20light-weight%20networks.%20In%3A%202019%20IEEE%2013th%20international%20conference%20on%20anti-counterfeiting%2C%20security%2C%20and%20identification%20%28ASID%29.%20IEEE%2C%20pp%2070%E2%80%9374
https://scholar.google.com/scholar?&q=Li%20X%2C%20Wan%20J%2C%20Jin%20Y%2C%20Liu%20A%2C%20Guo%20G%2C%20Li%20SZ%20%282020%29%203dpc-net%3A%203d%20point%20cloud%20network%20for%20face%20anti-spoofing.%20In%3A%202020%20IEEE%20international%20joint%20conference%20on%20biometrics%20%28IJCB%29.%20IEEE%2C%20pp%C2%A01%E2%80%938%20%282020%29

14. LiX,Wan], JinY, Liu A, Guo G, Li SZ (2020) 3dpc-net: 3d point cloud network for
face anti-spoofing. In: 2020 IEEE international joint conference on biometrics
(IJCB), pp 1-8. https://doi.org/10.1109/1JCB48548.2020.9304873

15. Lugaresi C, Tang J, Nash H, McClanahan C, Uboweja E, Hays M, Zhang F, Chang CL,
Yong MG, Lee ] et al (2019) Mediapipe: a framework for building perception
pipelines. arXiv preprint arXiv:1906.08172

16. Maltoni D, Maio D, Jain AK, Prabhakar S et al (2009) Handbook of fingerprint

recognition, vol 2. Springer

Google Scholar

17/. Marcel S, Nixon MS, Li SZ (2014) Handbook of biometric anti-spoofing, vol 1.
Springer

Google Scholar

18. McFee B, Raffel C, Liang D, Ellis DP, McVicar M, Battenberg E, Nieto O (2015)
Librosa: audio and music signal analysis in python. In: Proceedings of the 14th

python in science conference, vol 8, pp 18—25

Google Scholar

19. Owayjan M, Dergham A, Haber G, Fakih N, Hamoush A, Abdo E (2015) Face
recognition security system. In: New trends in networking, computing, E-learning,
systems sciences, and engineering. Springer, pp 343—348 (2015)

Google Scholar

2. Panice G, Luongo S, Gigante G, Pascarella D, Di Benedetto C, Vozella A, Pescape A
(2017) A SVM-based detection approach for GPS spoofing attacks to UAV. In: 2017

23rd international conference on automation and computing (ICAC). IEEE, pp 1-11


https://doi.org/10.1109/IJCB48548.2020.9304873
http://arxiv.org/abs/1906.08172
https://scholar.google.com/scholar?&q=Maltoni%20D%2C%20Maio%20D%2C%20Jain%20AK%2C%20Prabhakar%20S%20et%C2%A0al%20%282009%29%20Handbook%20of%20fingerprint%20recognition%2C%20vol%C2%A02.%20Springer
https://scholar.google.com/scholar?&q=Marcel%20S%2C%20Nixon%20MS%2C%20Li%20SZ%20%282014%29%20Handbook%20of%20biometric%20anti-spoofing%2C%20vol%C2%A01.%20Springer
https://scholar.google.com/scholar?&q=McFee%20B%2C%20Raffel%20C%2C%20Liang%20D%2C%20Ellis%20DP%2C%20McVicar%20M%2C%20Battenberg%20E%2C%20Nieto%20O%20%282015%29%20Librosa%3A%20audio%20and%20music%20signal%20analysis%20in%20python.%20In%3A%20Proceedings%20of%20the%2014th%20python%20in%20science%20conference%2C%20vol%C2%A08%2C%20pp%2018%E2%80%9325
https://scholar.google.com/scholar?&q=Owayjan%20M%2C%20Dergham%20A%2C%20Haber%20G%2C%20Fakih%20N%2C%20Hamoush%20A%2C%20Abdo%20E%20%282015%29%20Face%20recognition%20security%20system.%20In%3A%20New%20trends%20in%20networking%2C%20computing%2C%20E-learning%2C%20systems%20sciences%2C%20and%20engineering.%20Springer%2C%20pp%20343%E2%80%93348%20%282015%29

21.

22.

23.

24.

25.

26.

Google Scholar

Parkhi O, Vedaldi A, Zisserman A (2015) Deep face recognition. In: BMVC 2015-
proceedings of the British machine vision conference 2015. British Machine Vision
Association

Google Scholar

Rabiner LR (1989) A tutorial on hidden Markov models and selected applications in
speech recognition. In: Proceedings of the IEEE 77(2):257-286

Google Scholar

Ravanelli M, Parcollet T, Plantinga P, Rouhe A, Cornell S, Lugosch L, Subakan C,
Dawalatabad N, Heba A, Zhong J, Chou JC, Yeh SL, Fu SW, Liao CF, RastorguevaE,
Grondin F, Aris W, Na H, Gao Y, Mori RD, Bengio Y (2021) SpeechBrain: a general-
purpose speech toolkit. arXiv:2106.04624

Rehman YAU, Po LM, Liu M (2020) Slnet: stereo face liveness detection via dynamic
disparity-maps and convolutional neural network. Expert Syst Appl 142:113002

Google Scholar

Rubio Perez A (2021) Reconocimiento facial en un sistema iot

Google Scholar

Sanchez J, Saratxaga I, Hernaez I, Navas E, Erro D, Raitio T (2015) Toward a
universal synthetic speech spoofing detection using phase information. IEEE Trans
Inf Forensics Secur 10(4):810—820

Google Scholar



https://scholar.google.com/scholar?&q=Panice%20G%2C%20Luongo%20S%2C%20Gigante%20G%2C%20Pascarella%20D%2C%20Di%C2%A0Benedetto%20C%2C%20Vozella%20A%2C%20Pescap%C3%A8%20A%20%282017%29%20A%20SVM-based%20detection%20approach%20for%20GPS%20spoofing%20attacks%20to%20UAV.%20In%3A%202017%2023rd%20international%20conference%20on%20automation%20and%20computing%20%28ICAC%29.%20IEEE%2C%20pp%201%E2%80%9311
https://scholar.google.com/scholar?&q=Parkhi%20O%2C%20Vedaldi%20A%2C%20Zisserman%20A%20%282015%29%20Deep%20face%20recognition.%20In%3A%20BMVC%202015-proceedings%20of%20the%20British%20machine%20vision%20conference%202015.%20British%20Machine%20Vision%20Association
https://scholar.google.com/scholar?&q=Rabiner%20LR%20%281989%29%20A%20tutorial%20on%20hidden%20Markov%20models%20and%20selected%20applications%20in%20speech%20recognition.%20In%3A%20Proceedings%20of%20the%20IEEE%2077%282%29%3A257%E2%80%93286
http://arxiv.org/abs/2106.04624
https://scholar.google.com/scholar?&q=Rehman%20YAU%2C%20Po%20LM%2C%20Liu%20M%20%282020%29%20Slnet%3A%20stereo%20face%20liveness%20detection%20via%20dynamic%20disparity-maps%20and%20convolutional%20neural%20network.%20Expert%20Syst%20Appl%20142%3A113002
https://scholar.google.com/scholar?&q=Rubio%C2%A0Perez%20A%20%282021%29%20Reconocimiento%20facial%20en%20un%20sistema%20iot
https://scholar.google.com/scholar?&q=Sanchez%20J%2C%20Saratxaga%20I%2C%20Hernaez%20I%2C%20Navas%20E%2C%20Erro%20D%2C%20Raitio%20T%20%282015%29%20Toward%20a%20universal%20synthetic%20speech%20spoofing%20detection%20using%20phase%20information.%20IEEE%20Trans%20Inf%20Forensics%20Secur%2010%284%29%3A810%E2%80%93820

27.

28.

29.

30.

31.

32.

Schroff F, Kalenichenko D, Philbin J (2015) Facenet: a unified embedding for face
recognition and clustering. In: Proceedings of the IEEE conference on computer
vision and pattern recognition, pp 815—-823

Google Scholar

Schuckers SA (2002) Spoofing and anti-spoofing measures. Inf Secur Tech Rep
7(4):56—62

Google Scholar

Sirovich L, Kirby M (1987) Low-dimensional procedure for the characterization of
human faces. Josa a 4(3):519—-524

Google Scholar

Subakan C, Ravanelli M, Cornell S, Bronzi M, Zhong J (2021) Attention is all you
need in speech separation. In: ICASSP 2021-2021 IEEE International conference on

acoustics, speech and signal processing (ICASSP). IEEE, pp 21-25

Google Scholar

Thepade SD, Chaudhari P, Dindorkar M, Bang S, Bangar R (2020) Improved face
spoofing detection using random forest classifier with fusion of luminance chroma.
Int ] Comput Inf Syst Ind Manage Appl 12(2020):374—386

Google Scholar

Velesaca HO, Vulgarin J, Vintimilla BX (2023) Deep learning-based human height
estimation from a stereo vision system. In: 2023 IEEE 13th international conference

on pattern recognition systems (ICPRS). IEEE, pp 1-7

Google Scholar



https://scholar.google.com/scholar?&q=Schroff%20F%2C%20Kalenichenko%20D%2C%20Philbin%20J%20%282015%29%20Facenet%3A%20a%20unified%20embedding%20for%20face%20recognition%20and%20clustering.%20In%3A%20Proceedings%20of%20the%20IEEE%20conference%20on%20computer%20vision%20and%20pattern%20recognition%2C%20pp%20815%E2%80%93823
https://scholar.google.com/scholar?&q=Schuckers%20SA%20%282002%29%20Spoofing%20and%20anti-spoofing%20measures.%20Inf%20Secur%20Tech%20Rep%207%284%29%3A56%E2%80%9362
https://scholar.google.com/scholar?&q=Sirovich%20L%2C%20Kirby%20M%20%281987%29%20Low-dimensional%20procedure%20for%20the%20characterization%20of%20human%20faces.%20Josa%20a%204%283%29%3A519%E2%80%93524
https://scholar.google.com/scholar?&q=Subakan%20C%2C%20Ravanelli%20M%2C%20Cornell%20S%2C%20Bronzi%20M%2C%20Zhong%20J%20%282021%29%20Attention%20is%20all%20you%20need%20in%20speech%20separation.%20In%3A%20ICASSP%202021-2021%20IEEE%20International%20conference%20on%20acoustics%2C%20speech%20and%20signal%20processing%20%28ICASSP%29.%20IEEE%2C%20pp%2021%E2%80%9325
https://scholar.google.com/scholar?&q=Thepade%20SD%2C%20Chaudhari%20P%2C%20Dindorkar%20M%2C%20Bang%20S%2C%20Bangar%20R%20%282020%29%20Improved%20face%20spoofing%20detection%20using%20random%20forest%20classifier%20with%20fusion%20of%20luminance%20chroma.%20Int%20J%20Comput%20Inf%20Syst%20Ind%20Manage%20Appl%2012%282020%29%3A374%E2%80%93386
https://scholar.google.com/scholar?&q=Velesaca%20HO%2C%20Vulgarin%20J%2C%20Vintimilla%20BX%20%282023%29%20Deep%20learning-based%20human%20height%20estimation%20from%20a%20stereo%20vision%20system.%20In%3A%202023%20IEEE%2013th%20international%20conference%20on%20pattern%20recognition%20systems%20%28ICPRS%29.%20IEEE%2C%20pp%C2%A01%E2%80%937

33.

34,

35.

36.

37.

Wang X, Yamagishi J (2021) A comparative study on recent neural spoofing

countermeasures for synthetic speech detection. arXiv preprint arXiv:2103.11326

Wu Z, Evans N, Kinnunen T, Yamagishi J, Alegre F, Li H (2015) Spoofing and
countermeasures for speaker verification: a survey. Speech Commun 66:130—153

Google Scholar

Yu D, Deng L (2016) Automatic speech recognition, vol 1. Springer

Google Scholar

Zhang P, Zou F, Wu Z, Dai N, Mark S, Fu M, Zhao J, Li K (2019) Feathernets:
convolutional neural networks as light as feather for face anti-spoofing. In:
Proceedings of the IEEE/CVF conference on computer vision and pattern recognition

workshops

Google Scholar

Zhang, Jiang F, Duan Z (2020) One-class learning towards generalized voice
spoofing detection. arXiv e-prints pp. arXiv—2010

Google Scholar

Acknowledgements

This work has been partially supported by the ESPOL EPASI project (CIDIS-01-2018).

Author information

Authors and Affiliations

Escuela Superior Politécnica del Litoral, ESPOL, Facultad de Ingenieria en Electricidad y

Computacion, CIDIS, Campus Gustavo Galindo, Guayaquil, 09-01-5863, Ecuador

Henry O. Velesaca, Jorge Vulgarin & Boris X. Vintimilla


http://arxiv.org/abs/2103.11326
https://scholar.google.com/scholar?&q=Wu%20Z%2C%20Evans%20N%2C%20Kinnunen%20T%2C%20Yamagishi%20J%2C%20Alegre%20F%2C%20Li%20H%20%282015%29%20Spoofing%20and%20countermeasures%20for%20speaker%20verification%3A%20a%20survey.%20Speech%20Commun%2066%3A130%E2%80%93153
https://scholar.google.com/scholar?&q=Yu%20D%2C%20Deng%20L%20%282016%29%20Automatic%20speech%20recognition%2C%20vol%C2%A01.%20Springer
https://scholar.google.com/scholar?&q=Zhang%20P%2C%20Zou%20F%2C%20Wu%20Z%2C%20Dai%20N%2C%20Mark%20S%2C%20Fu%20M%2C%20Zhao%20J%2C%20Li%20K%20%282019%29%20Feathernets%3A%20convolutional%20neural%20networks%20as%20light%20as%20feather%20for%20face%20anti-spoofing.%20In%3A%20Proceedings%20of%20the%20IEEE%2FCVF%20conference%20on%20computer%20vision%20and%20pattern%20recognition%20workshops
https://scholar.google.com/scholar?&q=Zhang%20Y%2C%20Jiang%20F%2C%20Duan%20Z%20%282020%29%20One-class%20learning%20towards%20generalized%20voice%20spoofing%20detection.%20arXiv%20e-prints%20pp.%20arXiv%E2%80%932010

Software Engineering Department, University of Granada, Granada, 18014, Spain

Henry O. Velesaca

Computer Vision Center, Universidad Autonoma de Barcelona, Bellaterra, Barcelona,
08193, Spain
Coen Antens & Alberto Rubio Perez

Corresponding author

Correspondence to Henry O. Velesaca .
Editor information

Editors and Affiliations

Department of Computer Science and Engineering, Manipal University Jaipur, Jaipur,
Telangana, India

Satyabrata Roy

Department of IoT and Intelligent Systems, Manipal University Jaipur, Jaipur
,Rajasthan, Rajasthan, India

Deepak Sinwar

Department of Computer Science and Engineering, Techno International New Town,
RAJARHAT, West Bengal, India
Nilanjan Dey

Department of Computer Science, Faculty of Computer Science and Information
Technology, Universiti Putra Malaysia, Serdang, Selangor, Malaysia
Thinagaran Perumal

Departamento de Engenharia Mecanica, Faculdade de Engenharia, Universidade do
Porto, Porto, Portugal

Jodao Manuel R. S. Tavares

Rights and permissions

Reprints and permissions



mailto:hvelesac@espol.edu.ec
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Deep%20Learning-Based%20Multimodal%20Sensing%20Framework%20for%C2%A0Anti-spoofing%20Systems&author=Henry%20O.%20Velesaca%2C%20Jorge%20Vulgarin%2C%20Boris%20X.%20Vintimilla%20et%20al&contentID=10.1007%2F978-981-97-6995-7_4&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2024&startPage=39&endPage=54&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.

Copyright information

© 2024 The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd.

About this paper

Cite this paper

Velesaca, H.O., Vulgarin, J., Vintimilla, B.X., Antens, C., Perez, A.R. (2024). Deep Learning-
Based Multimodal Sensing Framework for Anti-spoofing Systems. In: Roy, S., Sinwar, D.,
Dey, N., Perumal, T., R. S. Tavares, J.M. (eds) Innovations in Computational Intelligence and

Computer Vision. ICICV 2024. Lecture Notes in Networks and Systems, vol 1116. Springer,
Singapore. https://doi.org/10.1007/978-981-97-6995-7_ 4

.RISYX .ENWY .BIBY

DOI Published Publisher Name
https://doi.org/10.1007/9 01)anuary 2025 Springer, Singapore
78-981-97-6995-7_4

Print ISBN Online ISBN eBook Packages
978-981-97-6994-0 978-981-97-6995-7 Intelligent Technologies

and Robotics

Intelligent Technologies
and Robotics (R0O)

Publish with us

Policies and ethics [2



https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-6995-7_4?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2024&facet-end-year=2024
https://www.springernature.com/gp/policies/book-publishing-policies

