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The present study focuses on detecting the degree of deformity in fruits such as apples,
mangoes, and strawberries during the process of inspecting their external quality;,
employing Single-Input and Multi-Input architectures based on convolutional neural
network (CNN) models using sets of real and synthetic images. The datasets are
segmented using the Segment Anything Model (SAM), which provides the silhouette of
the fruits. Regarding the single-input architecture, the evaluation of the CNN models is
performed only with real images, but a methodology is proposed to improve these results
using a pre-trained model with synthetic images. In the Multi-Input architecture,
branches with RGB images and fruit silhouettes are implemented as inputs for evaluating
CNN models such as VGG16, MobileNetV2, and CIDIS. However, the results revealed that
the Multi-Input architecture with the MobileNetV2 model was the most effective in
identifying deformities in the fruits, achieving accuracies of 90%, 94%, and 92% for
apples, mangoes, and strawberries, respectively. In conclusion, the Multi-Input
architecture with the MobileNetV2 model is the most accurate for classifying levels of
deformity in fruits.

0 Thisis 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 - )



https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-76607-7_4
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-76607-7_4
https://link.springer.com/product/springer-plus

Buy Now

A Chapter

Available as PDF
Read on any device
Instant download

Own it forever

USD 29.95
Price excludes VAT (Ecuador)

v eBook

v Softcover Book

USD 54.99

USD 64.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Institutional subscriptions >

Similar content being viewed by others


https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks

Fresh and Rotten Fruit MangoFruitDDS: A Sisfrutos Papaya: A

Detection Using Deep Standard Mango Fruit Dataset for Detection
CNN and MobileNetV2 Diseases Dataset Made and Classification of
in Africa Diseases in Papaya
Chapter ©2023 Chapter ©2024 Chapter ©2021
References

1. Olorunfemi, B.J., Kayode, S.E.: Post-harvest loss and grain storage technology - a
review. Turk. J. Agric.-Food Sci. Technol. 9(1), 75—-83 (2021)

Google Scholar

. Shewfelt, R.L., Prussia, S.E.: Challenges in handling fresh fruits and vegetables. In:
Postharvest Handling, pp. 167—-186. Elsevier (2022)

Google Scholar

3. Vetrekar, N.T., et al.: Non-invasive hyperspectral imaging approach for fruit quality
control application and classification: case study of Apple, Chikoo, Guava fruits. J. Food
Sci. Technol. 52(11), 6978—6989 (2015). https://doi.org/10.1007/s13197-015-1838-8

Article Google Scholar

/.. Chuquimarca, L.E., Vintimilla, B.X., Velastin, S.A.: Banana ripeness level classification
using a simple CNN model trained with real and synthetic datasets. In: VISIGRAPP (5:
VISAPP), pp. 536—543 (2023)


https://scholar.google.com/scholar_lookup?&title=Post-harvest%20loss%20and%20grain%20storage%20technology%20-%20a%20review&journal=Turk.%20J.%20Agric.-Food%20Sci.%20Technol.&volume=9&issue=1&pages=75-83&publication_year=2021&author=Olorunfemi%2CBJ&author=Kayode%2CSE
https://scholar.google.com/scholar?&q=Shewfelt%2C%20R.L.%2C%20Prussia%2C%20S.E.%3A%20Challenges%20in%20handling%20fresh%20fruits%20and%20vegetables.%20In%3A%20Postharvest%20Handling%2C%20pp.%20167%E2%80%93186.%20Elsevier%20%282022%29
https://doi.org/10.1007/s13197-015-1838-8
https://link.springer.com/doi/10.1007/s13197-015-1838-8
https://scholar.google.com/scholar_lookup?&title=Non-invasive%20hyperspectral%20imaging%20approach%20for%20fruit%20quality%20control%20application%20and%20classification%3A%20case%20study%20of%20Apple%2C%20Chikoo%2C%20Guava%20fruits&journal=J.%20Food%20Sci.%20Technol.&doi=10.1007%2Fs13197-015-1838-8&volume=52&issue=11&pages=6978-6989&publication_year=2015&author=Vetrekar%2CNT
https://link.springer.com/10.1007/978-981-99-5085-0_22?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-99-5085-0_22?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-99-5085-0_22?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-031-48930-3_18?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-031-48930-3_18?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-031-48930-3_18?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-031-48930-3_18?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-030-86340-1_3?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-030-86340-1_3?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-030-86340-1_3?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-030-86340-1_3?fromPaywallRec=true

Google Scholar

. Chuquimarca, L., Vintimilla, B., Velastin, S.: Classifying healthy and defective fruits
with a multi-input architecture and CNN models. In: 2024 14th International
Conference on Pattern Recognition Systems (ICPRS), pp. 1-7. IEEE (2024)

Google Scholar

. Coello, O., Coronel, M., Carpio, D., Vintimilla, B., Chuquimarca, L.: Enhancing Apple’s
defect classification: insights from visible spectrum and narrow spectral band
imaging. In: 2024 14th International Conference on Pattern Recognition Systems
(ICPRS), pp. 1-6. IEEE (2024)

Google Scholar

. Behera, S.K., Rath, A K., Mahapatra, A., Sethy, P.K.: Identification, classification &
grading of fruits using machine learning & computer intelligence: a review. J. Ambient
Intell. Human. Comput. 1-11 (2020)

Google Scholar

. Lidror, A., Prussia, S.E.: Improving quality assurance techniques for producing and
handling agricultural crops. J. Food Qual. 13(3), 171-184 (1990)

Google Scholar

. Huang, K.M., Guan, Z., Hammami, A.M.: The US fresh fruit and vegetable industry: an
overview of production and trade. Agriculture 12(10), 1719 (2022)

Article Google Scholar

10. Zhou, J.H., Kai, L., Liang, Q.: Food safety controls in different governance structures

in China’s vegetable and fruit industry. J. Integr. Agric. 14(11), 2189—-2202 (2015)


https://scholar.google.com/scholar?&q=Chuquimarca%2C%20L.E.%2C%20Vintimilla%2C%20B.X.%2C%20Velastin%2C%20S.A.%3A%20Banana%20ripeness%20level%20classification%20using%20a%20simple%20CNN%20model%20trained%20with%20real%20and%20synthetic%20datasets.%20In%3A%20VISIGRAPP%20%285%3A%20VISAPP%29%2C%20pp.%20536%E2%80%93543%20%282023%29
https://scholar.google.com/scholar?&q=Chuquimarca%2C%20L.%2C%20Vintimilla%2C%20B.%2C%20Velastin%2C%20S.%3A%20Classifying%20healthy%20and%20defective%20fruits%20with%20a%20multi-input%20architecture%20and%20CNN%20models.%20In%3A%202024%2014th%20International%20Conference%20on%20Pattern%20Recognition%20Systems%20%28ICPRS%29%2C%20pp.%201%E2%80%937.%20IEEE%20%282024%29
https://scholar.google.com/scholar?&q=Coello%2C%20O.%2C%20Coronel%2C%20M.%2C%20Carpio%2C%20D.%2C%20Vintimilla%2C%20B.%2C%20Chuquimarca%2C%20L.%3A%20Enhancing%20Apple%E2%80%99s%20defect%20classification%3A%20insights%20from%20visible%20spectrum%20and%20narrow%20spectral%20band%20imaging.%20In%3A%202024%2014th%20International%20Conference%20on%20Pattern%20Recognition%20Systems%20%28ICPRS%29%2C%20pp.%201%E2%80%936.%20IEEE%20%282024%29
https://scholar.google.com/scholar?&q=Behera%2C%20S.K.%2C%20Rath%2C%20A.K.%2C%20Mahapatra%2C%20A.%2C%20Sethy%2C%20P.K.%3A%20Identification%2C%20classification%20%26%20grading%20of%20fruits%20using%20machine%20learning%20%26%20computer%20intelligence%3A%20a%20review.%20J.%20Ambient%20Intell.%20Human.%20Comput.%201%E2%80%9311%20%282020%29
https://scholar.google.com/scholar?&q=Lidror%2C%20A.%2C%20Prussia%2C%20S.E.%3A%20Improving%20quality%20assurance%20techniques%20for%20producing%20and%20handling%20agricultural%20crops.%20J.%20Food%20Qual.%2013%283%29%2C%20171%E2%80%93184%20%281990%29
https://doi.org/10.3390%2Fagriculture12101719
https://scholar.google.com/scholar_lookup?&title=The%20US%20fresh%20fruit%20and%20vegetable%20industry%3A%20an%20overview%20of%20production%20and%20trade&journal=Agriculture&volume=12&issue=10&publication_year=2022&author=Huang%2CKM&author=Guan%2CZ&author=Hammami%2CAM

Article Google Scholar

11. Wang, J., et al.: Grading detection of “Red Fuji” apple in Luochuan based on machine

12.

13.

14,

15.

16.

vision and near-infrared spectroscopy. PLoS ONE 17(8), e0271352 (2022)

Google Scholar

Hu, G., et al.: Infield apple detection and grading based on multi-feature fusion.
Horticulturae 7(9), 276 (2021)

Article Google Scholar

Porat, R., Lichter, A., Terry, L.A., Harker, R., Buzby, J.: Postharvest losses of fruit and
vegetables during retail and in consumers’ homes: quantifications, causes, and
means of prevention. Postharvest Biol. Technol. 139, 135-149 (2018)

Article Google Scholar

Chakrabarti, A., Michaels, T.C., Yin, S., Sun, E., Mahadevan, L.: The cusp of an apple.
Nat. Phys. 17(10), 1125-1129 (2021)

Article Google Scholar

Liu, L., et al.: The flavor and nutritional characteristic of four strawberry varieties
cultured in soilless system. Food Sci. Nutrition 4(6), 858—868 (2016)

Article Google Scholar

Vujovié, Z, et al.: Classification model evaluation metrics. Int. J. Adv. Comput. Sci.
Appl. 12(6), 599—-606 (2021)

Google Scholar



https://doi.org/10.1016%2FS2095-3119%2815%2961115-7
https://scholar.google.com/scholar_lookup?&title=Food%20safety%20controls%20in%20different%20governance%20structures%20in%20China%E2%80%99s%20vegetable%20and%20fruit%20industry&journal=J.%20Integr.%20Agric.&volume=14&issue=11&pages=2189-2202&publication_year=2015&author=Zhou%2CJH&author=Kai%2CL&author=Liang%2CQ
https://scholar.google.com/scholar?&q=Wang%2C%20J.%2C%20et%20al.%3A%20Grading%20detection%20of%20%E2%80%9CRed%20Fuji%E2%80%9D%20apple%20in%20Luochuan%20based%20on%20machine%20vision%20and%20near-infrared%20spectroscopy.%20PLoS%20ONE%2017%288%29%2C%20e0271352%20%282022%29
https://doi.org/10.3390%2Fhorticulturae7090276
https://scholar.google.com/scholar_lookup?&title=Infield%20apple%20detection%20and%20grading%20based%20on%20multi-feature%20fusion&journal=Horticulturae&volume=7&issue=9&publication_year=2021&author=Hu%2CG
https://doi.org/10.1016%2Fj.postharvbio.2017.11.019
https://scholar.google.com/scholar_lookup?&title=Postharvest%20losses%20of%20fruit%20and%20vegetables%20during%20retail%20and%20in%20consumers%E2%80%99%20homes%3A%20quantifications%2C%20causes%2C%20and%20means%20of%20prevention&journal=Postharvest%20Biol.%20Technol.&volume=139&pages=135-149&publication_year=2018&author=Porat%2CR&author=Lichter%2CA&author=Terry%2CLA&author=Harker%2CR&author=Buzby%2CJ
https://doi.org/10.1038%2Fs41567-021-01335-8
https://scholar.google.com/scholar_lookup?&title=The%20cusp%20of%20an%20apple&journal=Nat.%20Phys.&volume=17&issue=10&pages=1125-1129&publication_year=2021&author=Chakrabarti%2CA&author=Michaels%2CTC&author=Yin%2CS&author=Sun%2CE&author=Mahadevan%2CL
https://doi.org/10.1002%2Ffsn3.346
https://scholar.google.com/scholar_lookup?&title=The%20flavor%20and%20nutritional%20characteristic%20of%20four%20strawberry%20varieties%20cultured%20in%20soilless%20system&journal=Food%20Sci.%20Nutrition&volume=4&issue=6&pages=858-868&publication_year=2016&author=Liu%2CL
https://scholar.google.com/scholar_lookup?&title=Classification%20model%20evaluation%20metrics&journal=Int.%20J.%20Adv.%20Comput.%20Sci.%20Appl.&volume=12&issue=6&pages=599-606&publication_year=2021&author=Vujovi%C4%87%2C%C5%BD

17. Sun, L., Liang, K., Song, Y., Wang, Y.: An improved CNN-based apple appearance
quality classification method with small samples. IEEE Access 9, 68054—68065
(2021)

Article Google Scholar

18. Garillos-Manliguez, C.A., Chiang, ].Y.: Multimodal deep learning via late fusion for
non-destructive papaya fruit maturity classification. In: 2021 18th International
Conference on Electrical Engineering, Computing Science and Automatic Control
(CCE), pp. 1-6. IEEE (2021)

Google Scholar

19. Pacheco, R., Gonzalez, P., Chuquimarca, L.E., Vintimilla, B.X., Velastin, S.A.: Fruit
defect detection using cnn models with real and virtual data. In: VISIGRAPP (4:
VISAPP), pp. 272—279 (2023)

Google Scholar

2(). Cao,]., etal.: An automated zizania quality grading method based on deep
classification model. Comput. Electron. Agric. 183, 106004 (2021)

Article Google Scholar

21. Mesa, A.R., Chiang, J.Y.: Multi-input deep learning model with RGB and
hyperspectral imaging for banana grading. Agriculture 11(8), 687 (2021)

Google Scholar

7. Pipitsunthonsan, P, et al.: Palm bunch grading technique using a multi-input and
multi-label convolutional neural network. Comput. Electron. Agric. 210, 107864
(2023)

Article Google Scholar



https://doi.org/10.1109%2FACCESS.2021.3077567
https://scholar.google.com/scholar_lookup?&title=An%20improved%20CNN-based%20apple%20appearance%20quality%20classification%20method%20with%20small%20samples&journal=IEEE%20Access&volume=9&pages=68054-68065&publication_year=2021&author=Sun%2CL&author=Liang%2CK&author=Song%2CY&author=Wang%2CY
https://scholar.google.com/scholar?&q=Garillos-Manliguez%2C%20C.A.%2C%20Chiang%2C%20J.Y.%3A%20Multimodal%20deep%20learning%20via%20late%20fusion%20for%20non-destructive%20papaya%20fruit%20maturity%20classification.%20In%3A%202021%2018th%20International%20Conference%20on%20Electrical%20Engineering%2C%20Computing%20Science%20and%20Automatic%20Control%20%28CCE%29%2C%20pp.%201%E2%80%936.%20IEEE%20%282021%29
https://scholar.google.com/scholar?&q=Pacheco%2C%20R.%2C%20Gonz%C3%A1lez%2C%20P.%2C%20Chuquimarca%2C%20L.E.%2C%20Vintimilla%2C%20B.X.%2C%20Velastin%2C%20S.A.%3A%20Fruit%20defect%20detection%20using%20cnn%20models%20with%20real%20and%20virtual%20data.%20In%3A%20VISIGRAPP%20%284%3A%20VISAPP%29%2C%20pp.%20272%E2%80%93279%20%282023%29
https://doi.org/10.1016%2Fj.compag.2021.106004
https://scholar.google.com/scholar_lookup?&title=An%20automated%20zizania%20quality%20grading%20method%20based%20on%20deep%20classification%20model&journal=Comput.%20Electron.%20Agric.&volume=183&publication_year=2021&author=Cao%2CJ
https://scholar.google.com/scholar?&q=Mesa%2C%20A.R.%2C%20Chiang%2C%20J.Y.%3A%20Multi-input%20deep%20learning%20model%20with%20RGB%20and%20hyperspectral%20imaging%20for%20banana%20grading.%20Agriculture%2011%288%29%2C%20687%20%282021%29
https://doi.org/10.1016%2Fj.compag.2023.107864
https://scholar.google.com/scholar_lookup?&title=Palm%20bunch%20grading%20technique%20using%20a%20multi-input%20and%20multi-label%20convolutional%20neural%20network&journal=Comput.%20Electron.%20Agric.&volume=210&publication_year=2023&author=Pipitsunthonsan%2CP

23.

24,

25.

26.

27.

Brade, S., Wang, B., Sousa, M., Oore, S., Grossman, T.: Promptify: text-to-image
generation through interactive prompt exploration with large language models. In:
Proceedings of the 36th Annual ACM Symposium on User Interface Software and
Technology, pp. 1-14 (2023)

Google Scholar

Somepalli, G., Singla, V., Goldblum, M., Geiping, J., Goldstein, T.: Diffusion art or
digital forgery? Investigating data replication in diffusion models. In: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 6048—
6058 (2023)

Google Scholar

Hidalgo, R., Salah, N., Chandra Jetty, R., Jetty, A., Varde, A.S.: Personalizing text-to-
image diffusion models by fine-tuning classification for Al applications. In: Arai, K.
(ed.) IntelliSys 2023. LNCS, vol. 822, pp. 642—-658. Springer, Cham (2023).
https://doi.org/10.1007/978-3-031-47721-8_44

Chapter Google Scholar

Masrouri, M., Qin, Z.: Towards data-efficient mechanical design of bicontinuous
composites using generative AL Theor. Appl. Mech. Lett. 14(1), 100492 (2024)

Article Google Scholar

Dua, N,, Singh, S.N., Semwal, V.B.: Multi-input CNN-GRU based human activity
recognition using wearable sensors. Computing 103(7), 1461-1478 (2021).
https://doi.org/10.1007/s00607-021-00928-8

Article Google Scholar



https://scholar.google.com/scholar?&q=Brade%2C%20S.%2C%20Wang%2C%20B.%2C%20Sousa%2C%20M.%2C%20Oore%2C%20S.%2C%20Grossman%2C%20T.%3A%20Promptify%3A%20text-to-image%20generation%20through%20interactive%20prompt%20exploration%20with%20large%20language%20models.%20In%3A%20Proceedings%20of%20the%2036th%20Annual%20ACM%20Symposium%20on%20User%20Interface%20Software%20and%20Technology%2C%20pp.%201%E2%80%9314%20%282023%29
https://scholar.google.com/scholar?&q=Somepalli%2C%20G.%2C%20Singla%2C%20V.%2C%20Goldblum%2C%20M.%2C%20Geiping%2C%20J.%2C%20Goldstein%2C%20T.%3A%20Diffusion%20art%20or%20digital%20forgery%3F%20Investigating%20data%20replication%20in%20diffusion%20models.%20In%3A%20Proceedings%20of%20the%20IEEE%2FCVF%20Conference%20on%20Computer%20Vision%20and%20Pattern%20Recognition%2C%20pp.%206048%E2%80%936058%20%282023%29
https://doi.org/10.1007/978-3-031-47721-8_44
https://link.springer.com/doi/10.1007/978-3-031-47721-8_44
https://scholar.google.com/scholar_lookup?&title=Personalizing%20text-to-image%20diffusion%20models%20by%20fine-tuning%20classification%20for%20AI%20applications&pages=642-658&publication_year=2023&author=Hidalgo%2CR&author=Salah%2CN&author=Chandra%20Jetty%2CR&author=Jetty%2CA&author=Varde%2CAS
https://doi.org/10.1016%2Fj.taml.2024.100492
https://scholar.google.com/scholar_lookup?&title=Towards%20data-efficient%20mechanical%20design%20of%20bicontinuous%20composites%20using%20generative%20AI&journal=Theor.%20Appl.%20Mech.%20Lett.&volume=14&issue=1&publication_year=2024&author=Masrouri%2CM&author=Qin%2CZ
https://doi.org/10.1007/s00607-021-00928-8
https://link.springer.com/doi/10.1007/s00607-021-00928-8
https://scholar.google.com/scholar_lookup?&title=Multi-input%20CNN-GRU%20based%20human%20activity%20recognition%20using%20wearable%20sensors&journal=Computing&doi=10.1007%2Fs00607-021-00928-8&volume=103&issue=7&pages=1461-1478&publication_year=2021&author=Dua%2CN&author=Singh%2CSN&author=Semwal%2CVB

28. Choudhary, A., Mishra, R K., Fatima, S., Panigrahi, B.K.: Multi-input CNN based
vibro-acoustic fusion for accurate fault diagnosis of induction motor. Eng. Appl.
Artif. Intell. 120, 105872 (2023)

Google Scholar

Acknowledgment

This work has been partially supported by the ESPOL-CIDIS-11-2022 project.

Author information

Authors and Affiliations

ESPOL, CIDIS, ESPOL Polytechnic University, Guayaquil, Ecuador
Tommy D. Beltran, Raul J. Villao, Luis E. Chuquimarca & Boris X. Vintimilla

UPSE, FACSISTEL, UPSE Santa Elena Peninsula State University, La Libertad, Ecuador

Luis E. Chuquimarca

School of EECS, Queen Mary University of London, London, UK
Sergio A. Velastin

Department of Computer Science, University Carlos III, Madrid, Spain

Sergio A. Velastin

Corresponding author

Correspondence to Luis E. Chuquimarca .

Editor information

Editors and Affiliations
Universidad Catdlica del Maule, Talca, Chile

Ruber Hernandez-Garcia

Universidad Catolica del Maule, Talca, Chile

Ricardo J. Barrientos


https://scholar.google.com/scholar?&q=Choudhary%2C%20A.%2C%20Mishra%2C%20R.K.%2C%20Fatima%2C%20S.%2C%20Panigrahi%2C%20B.K.%3A%20Multi-input%20CNN%20based%20vibro-acoustic%20fusion%20for%20accurate%20fault%20diagnosis%20of%20induction%20motor.%20Eng.%20Appl.%20Artif.%20Intell.%20120%2C%20105872%20%282023%29
mailto:lchuquim@espol.edu.ec

Queen Mary University of London, London, UK
Sergio A. Velastin

Rights and permissions

Reprints and permissions

Copyright information

© 2025 The Author(s), under exclusive license to Springer Nature Switzerland AG

About this paper

Cite this paper

Beltran, T.D., Villao, R.)., Chuquimarca, L.E., Vintimilla, B.X., Velastin, S.A. (2025). Fruit
Deformity Classification Through Single-Input and Multi-input Architectures Based

on CNN Models Using Real and Synthetic Images. In: Hernandez-Garcia, R., Barrientos, R.].,
Velastin, S.A. (eds) Progress in Pattern Recognition, Image Analysis, Computer Vision, and
Applications. CIARP 2024. Lecture Notes in Computer Science, vol 15368. Springer, Cham.

https://doi.org/10.1007/978-3-031-76607-7_4

.RISYX .ENWY .BIBY

DOI Published
https://doi.org/10.1007/9 17 November 2024
78-3-031-76607-7_4

Print ISBN Online ISBN
978-3-031-76606-0 978-3-031-76607-7

Publish with us

Publisher Name

Springer, Cham

eBook Packages

Computer Science

Computer Science (RO)



https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Fruit%20Deformity%20Classification%20Through%20Single-Input%20and%C2%A0Multi-input%20Architectures%20Based%20on%C2%A0CNN%20Models%20Using%20Real%20and%C2%A0Synthetic%20Images&author=Tommy%20D.%20Beltran%2C%20Raul%20J.%20Villao%2C%20Luis%20E.%20Chuquimarca%20et%20al&contentID=10.1007%2F978-3-031-76607-7_4&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG&publication=eBook&publicationDate=2025&startPage=46&endPage=62&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-76607-7_4?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=11645&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=43710&facet-start-year=2025&facet-end-year=2025

Policies and ethics (2
Societies and partnerships

IRPRE)

The International Association for Pattern Recognition [



https://www.springernature.com/gp/policies/book-publishing-policies
http://www.iapr.org/

