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Abstract

This study investigates the applicability of Multilevel Thresholding and Multi-Otsu
segmentation algorithms in hyperspectral imaging with detailed analysis using Pines,
Pavia University, Salinas, and Multispectral Landsat 8 OLI Imagery of the Saptamukhi
region in Sundarbans, West Bengal. The results show that the Multi-Otsu and Multilevel
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Thresholding algorithms encounter the highest Peak Signal-to-Noise Ratio (PSNR)
values 74.82 and 74.16 respectively for the Indian Pines hyperspectral dataset. The lowest
Mean-Squared Error (MSE) and Root Mean-Squared Error (RMSE) values 3.36 MSE and
1.83 RMSE for Multi-Otsu segmentation, 19.28 MSE and 4.40 RMSE for Multilevel
Thresholding, are obtained for Pavia University data. To achieve accurate evaluation in
the specified spectral context, optimal threshold values have been defined for each
spectral band for both algorithms, which creates a balance between the accuracy matrices
applied. This work aims to compare and contrast the effectiveness of these algorithms
hyperspectral and multispectral data with a discussion of relevant optimization
techniques.

0 Thisis a preview of subscription content, login via an institution (2 to check

daccess.

Access this chapter

Subscribe and save

® Springer+ from €37.37 /Month

Starting from 10 chapters or articles per month

Access and download chapters and articles from more than 300k books and 2,500
journals

Cancel anytime

< Viewplans - >

Buy Now

A Chapter EUR 29.95
Price includes VAT (India)


https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-83123-2_6
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-83123-2_6
https://link.springer.com/product/springer-plus

Available as PDF
Read on any device
Instant download

Own it forever

v eBook EUR 203.29

v Hardcover Book EUR 249.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Institutional subscriptions >

Similar content being viewed by others

e aegukstion

bk w

mze | Bmage 2

l

resproceus) Ch detecilo
Vot pemal) " maded | Segmentation

E

Champe arca Mo change s

and Compauting

Multi-channel mantis .
Robust Multi-

Spatial-Spectral

: search spatial attention —
Analysis of convolutional neural thresholdingin Nmsy
Hyperspectral Imagery network based Grayscale Images Using
with Multilevel... Otsu’s Function and...
Chapter ©2024 Article 02 April 2025 Chapter ©2018

References


https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://link.springer.com/10.1007/978-981-97-6714-4_19?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-97-6714-4_19?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-97-6714-4_19?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-97-6714-4_19?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-97-6714-4_19?fromPaywallRec=true
https://link.springer.com/10.1007/s11042-025-20810-5?fromPaywallRec=true
https://link.springer.com/10.1007/s11042-025-20810-5?fromPaywallRec=true
https://link.springer.com/10.1007/s11042-025-20810-5?fromPaywallRec=true
https://link.springer.com/10.1007/s11042-025-20810-5?fromPaywallRec=true
https://link.springer.com/10.1007/s11042-025-20810-5?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-10-4765-7_52?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-10-4765-7_52?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-10-4765-7_52?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-10-4765-7_52?fromPaywallRec=true
https://link.springer.com/10.1007/978-981-10-4765-7_52?fromPaywallRec=true

. Belevich, I., Joensuu, M., Kumar, D., Vihinen, H., Jokitalo, E.: Microscopy image
browser: a platform for segmentation and analysis of multidimensional datasets. PLoS
Biol. 14(1), e1002340 (2016)

Article Google Scholar

. Raju, PD.R,, Neelima, G.: Image segmentation by using histogram thresholding. Int. J.
Comput. Sci. Eng. Technol. 2(1), 776—779 (2012)

Google Scholar

. Bremer, PT., Weber, G., Tierny, J., Pascucci, V., Day, M., Bell, ].: Interactive exploration
and analysis of large-scale simulations using topology-based data segmentation. IEEE
Trans. Visual. Comput. Graph. 17(9), 1307—-1324 (2010)

Article Google Scholar

. Bhargavi, K., Jyothi, S.: A survey on threshold-based segmentation technique in
image processing. Int. J. Innov. Res. Dev. 3(12), 234-239 (2014)

Google Scholar

. Liu, J.,, Wang, X.: Plant diseases and pests detection based on deep learning: a review.
Plant Methods 17, 1-18 (2021)

Article Google Scholar

. Al-Badri, A.H., Ismail, N.A., Al-Dulaimi, K., Salman, G.A., Khan, A.R., AlSabaawi, A.,
Salam, M.S.H.: Classification of weed using machine learning techniques: a review-
challenges, current and future potential techniques. J. Plant Dis. Protect. 129(4), 745—
768 (2022)

Article Google Scholar



https://doi.org/10.1371%2Fjournal.pbio.1002340
https://scholar.google.com/scholar_lookup?&title=Microscopy%20image%20browser%3A%20a%20platform%20for%20segmentation%20and%20analysis%20of%20multidimensional%20datasets&journal=PLoS%20Biol.&volume=14&issue=1&publication_year=2016&author=Belevich%2CI&author=Joensuu%2CM&author=Kumar%2CD&author=Vihinen%2CH&author=Jokitalo%2CE
https://scholar.google.com/scholar_lookup?&title=Image%20segmentation%20by%20using%20histogram%20thresholding&journal=Int.%20J.%20Comput.%20Sci.%20Eng.%20Technol.&volume=2&issue=1&pages=776-779&publication_year=2012&author=Raju%2CPDR&author=Neelima%2CG
https://doi.org/10.1109%2FTVCG.2010.253
https://scholar.google.com/scholar_lookup?&title=Interactive%20exploration%20and%20analysis%20of%20large-scale%20simulations%20using%20topology-based%20data%20segmentation&journal=IEEE%20Trans.%20Visual.%20Comput.%20Graph.&volume=17&issue=9&pages=1307-1324&publication_year=2010&author=Bremer%2CPT&author=Weber%2CG&author=Tierny%2CJ&author=Pascucci%2CV&author=Day%2CM&author=Bell%2CJ
https://scholar.google.com/scholar_lookup?&title=A%20survey%20on%20threshold-based%20segmentation%20technique%20in%20image%20processing&journal=Int.%20J.%20Innov.%20Res.%20Dev.&volume=3&issue=12&pages=234-239&publication_year=2014&author=Bhargavi%2CK&author=Jyothi%2CS
https://link.springer.com/doi/10.1186/s13007-021-00722-9
https://scholar.google.com/scholar_lookup?&title=Plant%20diseases%20and%20pests%20detection%20based%20on%20deep%20learning%3A%20a%20review&journal=Plant%20Methods&volume=17&pages=1-18&publication_year=2021&author=Liu%2CJ&author=Wang%2CX
https://link.springer.com/doi/10.1007/s41348-022-00612-9
https://scholar.google.com/scholar_lookup?&title=Classification%20of%20weed%20using%20machine%20learning%20techniques%3A%20a%20review-challenges%2C%20current%20and%20future%20potential%20techniques&journal=J.%20Plant%20Dis.%20Protect.&volume=129&issue=4&pages=745-768&publication_year=2022&author=Al-Badri%2CAH&author=Ismail%2CNA&author=Al-Dulaimi%2CK&author=Salman%2CGA&author=Khan%2CAR&author=AlSabaawi%2CA&author=Salam%2CMSH

/. Singh, S., Batra, A., Pang, G., Torresani, L., Basu, S., Paluri, M., Jawahar, CV.: Self-
supervised feature learning for semantic segmentation of overhead imagery. In:
BMVC, vol. 1, no. 2, p. 4 (2018)

Google Scholar

8. Horwath, J.P,, Zakharov, D.N., Mégret, R., Stach, E.A.: Understanding important
features of deep learning models for segmentation of high-resolution transmission
electron microscopy images. npj Comput. Mater. 6(1), 108 (2020)

Google Scholar

0. Pare, S., Kumar, A., Singh, G.K., Bajaj, V.: Image segmentation using multilevel
thresholding: a research review. Iranian J. Sci. Technol. Trans. Electr. Eng. 44, 1-29
(2020)

Article Google Scholar

10. Mahabir, R., Croitoru, A., Crooks, A.T., Agouris, P., Stefanidis, A.: A critical review of
high and very high-resolution remote sensing approaches for detecting and
mapping slums: trends, challenges and emerging opportunities. Urban Sci. 2(1), 8
(2018)

Article Google Scholar

11. Wakaf, Z., Jalab, H.A.: Defect detection based on extreme edge of defective region
histogram. J. King Saud Univ. Comput. Inform. Sci. 30(1), 33—40 (2018)

Article Google Scholar

12. Kanmani, P., Marikkannu, P.: MRI brain images classification: a multilevel threshold
based region optimization technique. J. Med. Syst. 42, 1-12 (2018)

Article Google Scholar



https://scholar.google.com/scholar?&q=Singh%2C%20S.%2C%20Batra%2C%20A.%2C%20Pang%2C%20G.%2C%20Torresani%2C%20L.%2C%20Basu%2C%20S.%2C%20Paluri%2C%20M.%2C%20Jawahar%2C%20C.V.%3A%20Self-supervised%20feature%20learning%20for%20semantic%20segmentation%20of%20overhead%20imagery.%20In%3A%20BMVC%2C%20vol.%201%2C%20no.%202%2C%20p.%204%20%282018%29
https://scholar.google.com/scholar?&q=Horwath%2C%20J.P.%2C%20Zakharov%2C%20D.N.%2C%20M%C3%A9gret%2C%20R.%2C%20Stach%2C%20E.A.%3A%20Understanding%20important%20features%20of%20deep%20learning%20models%20for%20segmentation%20of%20high-resolution%20transmission%20electron%20microscopy%20images.%20npj%20Comput.%20Mater.%206%281%29%2C%20108%20%282020%29
https://link.springer.com/doi/10.1007/s40998-019-00251-1
https://scholar.google.com/scholar_lookup?&title=Image%20segmentation%20using%20multilevel%20thresholding%3A%20a%20research%20review&journal=Iranian%20J.%20Sci.%20Technol.%20Trans.%20Electr.%20Eng.&volume=44&pages=1-29&publication_year=2020&author=Pare%2CS&author=Kumar%2CA&author=Singh%2CGK&author=Bajaj%2CV
https://doi.org/10.3390%2Furbansci2010008
https://scholar.google.com/scholar_lookup?&title=A%20critical%20review%20of%20high%20and%20very%20high-resolution%20remote%20sensing%20approaches%20for%20detecting%20and%20mapping%20slums%3A%20trends%2C%20challenges%20and%20emerging%20opportunities&journal=Urban%20Sci.&volume=2&issue=1&publication_year=2018&author=Mahabir%2CR&author=Croitoru%2CA&author=Crooks%2CAT&author=Agouris%2CP&author=Stefanidis%2CA
https://doi.org/10.1016%2Fj.jksuci.2016.11.001
https://scholar.google.com/scholar_lookup?&title=Defect%20detection%20based%20on%20extreme%20edge%20of%20defective%20region%20histogram&journal=J.%20King%20Saud%20Univ.%20Comput.%20Inform.%20Sci.&volume=30&issue=1&pages=33-40&publication_year=2018&author=Wakaf%2CZ&author=Jalab%2CHA
https://link.springer.com/doi/10.1007/s10916-018-0915-8
https://scholar.google.com/scholar_lookup?&title=MRI%20brain%20images%20classification%3A%20a%20multilevel%20threshold%20based%20region%20optimization%20technique&journal=J.%20Med.%20Syst.&volume=42&pages=1-12&publication_year=2018&author=Kanmani%2CP&author=Marikkannu%2CP

13.

14,

15.

16.

Gautam, D., Ahmed, M., Meena, Y.K., Ul Haq, A.: Machine learning-based diagnosis
of melanoma using macro images. Int. J. Numer. Methods Biomed. Eng. 34(5), €2953
(2018)

Article MathSciNet Google Scholar

Benz, U.C., Hofmann, P., Willhauck, G., Lingenfelder, 1., Heynen, M.: Multi-
resolution, object-oriented fuzzy analysis of remote sensing data for GIS-ready
information. ISPRS J. Photogram. Remote Sens. 58(3—4), 239—-258 (2004)

Article Google Scholar

Kim, M., Warner, T.A., Madden, M., Atkinson, D.S.: Multi-scale GEOBIA with very
high spatial resolution digital aerial imagery: scale, texture, and image objects. Int. J.
Remote Sens. 32(10), 2825-2850 (2011)

Article Google Scholar

Haralick, R.M., Shapiro, L.G.: Image segmentation techniques. Comput. Vis. Graph.
Image Process. 29(1), 100—132 (1985)

Article Google Scholar

17/. Yang, P.,, Song, W., Zhao, X., Zheng, R., Qingge, L.: An improved Otsu threshold

18.

segmentation algorithm. Int. J. Comput. Sci. Eng. 22(1), 146—153 (2020)

Google Scholar

Xu, X., Xu, S., Jin, L., Song, E.: Characteristic analysis of Otsu threshold and its
applications. Pattern Recogn. Lett. 32(7), 956—961 (2011)

Article Google Scholar



https://doi.org/10.1002%2Fcnm.2953
http://www.ams.org/mathscinet-getitem?mr=3803518
https://scholar.google.com/scholar_lookup?&title=Machine%20learning-based%20diagnosis%20of%20melanoma%20using%20macro%20images&journal=Int.%20J.%20Numer.%20Methods%20Biomed.%20Eng.&volume=34&issue=5&publication_year=2018&author=Gautam%2CD&author=Ahmed%2CM&author=Meena%2CYK&author=Ul%20Haq%2CA
https://doi.org/10.1016%2Fj.isprsjprs.2003.10.002
https://scholar.google.com/scholar_lookup?&title=Multi-resolution%2C%20object-oriented%20fuzzy%20analysis%20of%20remote%20sensing%20data%20for%20GIS-ready%20information&journal=ISPRS%20J.%20Photogram.%20Remote%20Sens.&volume=58&issue=3%E2%80%934&pages=239-258&publication_year=2004&author=Benz%2CUC&author=Hofmann%2CP&author=Willhauck%2CG&author=Lingenfelder%2CI&author=Heynen%2CM
https://doi.org/10.1080%2F01431161003745608
https://scholar.google.com/scholar_lookup?&title=Multi-scale%20GEOBIA%20with%20very%20high%20spatial%20resolution%20digital%20aerial%20imagery%3A%20scale%2C%20texture%2C%20and%20image%20objects&journal=Int.%20J.%20Remote%20Sens.&volume=32&issue=10&pages=2825-2850&publication_year=2011&author=Kim%2CM&author=Warner%2CTA&author=Madden%2CM&author=Atkinson%2CDS
https://doi.org/10.1016%2FS0734-189X%2885%2990153-7
https://scholar.google.com/scholar_lookup?&title=Image%20segmentation%20techniques&journal=Comput.%20Vis.%20Graph.%20Image%20Process.&volume=29&issue=1&pages=100-132&publication_year=1985&author=Haralick%2CRM&author=Shapiro%2CLG
https://scholar.google.com/scholar_lookup?&title=An%20improved%20Otsu%20threshold%20segmentation%20algorithm&journal=Int.%20J.%20Comput.%20Sci.%20Eng.&volume=22&issue=1&pages=146-153&publication_year=2020&author=Yang%2CP&author=Song%2CW&author=Zhao%2CX&author=Zheng%2CR&author=Qingge%2CL
https://doi.org/10.1016%2Fj.patrec.2011.01.021
https://scholar.google.com/scholar_lookup?&title=Characteristic%20analysis%20of%20Otsu%20threshold%20and%20its%20applications&journal=Pattern%20Recogn.%20Lett.&volume=32&issue=7&pages=956-961&publication_year=2011&author=Xu%2CX&author=Xu%2CS&author=Jin%2CL&author=Song%2CE

19. Pun, T.: Anew method for grey-level picture thresholding using the entropy of the
histogram. Signal Process. 2(3), 223-237 (1980)

Article Google Scholar

2(). Sahoo, PK., Soltani, S.A.K.C., Wong, A.K.: A survey of thresholding techniques.
Comput. Vis. Graph. Image Process. 41(2), 233-260 (1988)

Article Google Scholar

21. Kittler, J., Illingworth, J.: Minimum error thresholding. Pattern Recogn. 19(1), 41-47
(1986)

Article Google Scholar

27. Chang, ], Zhang, L., Gu, N., Zhang, X., Ye, M., Yin, R., Meng, Q.: A mix-pooling CNN
architecture with FCRF for brain tumor segmentation. J. Vis. Commun. Image
Representation 58, 316—322 (2019)

Article Google Scholar

273, Astuti, N.R.D.P.,, Mardhia, M.M.: Multilevel thresholding hyperspectral image
segmentation based on independent component analysis and swarm optimization
methods. Int. J. Adv. Intell. Inform. 5(1), 66—75 (2019)

Google Scholar

/4. Prahara, A.: Multilevel thresholding segmentation based on Otsu’s method and
autonomous groups particle swarm optimization for multispectral image. Int. J.
Comput. Appl. 975, 8887 (1935)

Google Scholar

25, Tustison, N.J., Cook, P.A., Holbrook, A.J., Johnson, H.J., Muschelli, J., Devanyi, G.A.,

et al.: ANTsX: a dynamic ecosystem for quantitative biological and medical imaging.


https://doi.org/10.1016%2F0165-1684%2880%2990020-1
https://scholar.google.com/scholar_lookup?&title=A%20new%20method%20for%20grey-level%20picture%20thresholding%20using%20the%20entropy%20of%20the%20histogram&journal=Signal%20Process.&volume=2&issue=3&pages=223-237&publication_year=1980&author=Pun%2CT
https://doi.org/10.1016%2F0734-189X%2888%2990022-9
https://scholar.google.com/scholar_lookup?&title=A%20survey%20of%20thresholding%20techniques&journal=Comput.%20Vis.%20Graph.%20Image%20Process.&volume=41&issue=2&pages=233-260&publication_year=1988&author=Sahoo%2CPK&author=Soltani%2CSAKC&author=Wong%2CAK
https://doi.org/10.1016%2F0031-3203%2886%2990030-0
https://scholar.google.com/scholar_lookup?&title=Minimum%20error%20thresholding&journal=Pattern%20Recogn.&volume=19&issue=1&pages=41-47&publication_year=1986&author=Kittler%2CJ&author=Illingworth%2CJ
https://doi.org/10.1016%2Fj.jvcir.2018.11.047
https://scholar.google.com/scholar_lookup?&title=A%20mix-pooling%20CNN%20architecture%20with%20FCRF%20for%20brain%20tumor%20segmentation&journal=J.%20Vis.%20Commun.%20Image%20Representation&volume=58&pages=316-322&publication_year=2019&author=Chang%2CJ&author=Zhang%2CL&author=Gu%2CN&author=Zhang%2CX&author=Ye%2CM&author=Yin%2CR&author=Meng%2CQ
https://scholar.google.com/scholar_lookup?&title=Multilevel%20thresholding%20hyperspectral%20image%20segmentation%20based%20on%20independent%20component%20analysis%20and%20swarm%20optimization%20methods&journal=Int.%20J.%20Adv.%20Intell.%20Inform.&volume=5&issue=1&pages=66-75&publication_year=2019&author=Astuti%2CNRDP&author=Mardhia%2CMM
https://scholar.google.com/scholar_lookup?&title=Multilevel%20thresholding%20segmentation%20based%20on%20Otsu%E2%80%99s%20method%20and%20autonomous%20groups%20particle%20swarm%20optimization%20for%20multispectral%20image&journal=Int.%20J.%20Comput.%20Appl.&volume=975&publication_year=1935&author=Prahara%2CA

26.

27.

28.

29.

30.

31.

medRxiv (2020)

Google Scholar

Halawani, H.T.: Salp swarm algorithm with multilevel thresholding based brain
tumor segmentation model. Comput. Mater. Continua 74(3) (2023)

Google Scholar

Zablan, C.D.C., Blanco, A.C., Nadaoka, K., Martinez, K.P., Baloloy, A.B.: Assessment of
mangrove extent extraction accuracy of threshold segmentation-based indices

using sentinel imagery. Int. Arch. Photogram. Remote Sens. Spat. Inform. Sci. 48,
391-401(2023)

Article Google Scholar

Kalavathi, P., Durga, G.S., Naganandhini, S.: Segmentation of Iris from human eye
image using active contour model. In: National Conference on Computational

Methods, Communication Techniques and Informatics, p. 6 (2017)

Google Scholar

Kalyani, R., Sathya, P.D., Sakthivel, V.P.: Multilevel thresholding for image
segmentation with exchange market algorithm. Multimed. Tools Appl. 80(18),
27553-27591(2021)

Article Google Scholar

Ashir, A.M.: Multilevel thresholding for image segmentation using mean gradient. J.
Electr. Comput. Eng. (2022)

Google Scholar

Mostafa, R.R., Khedr, A.M., Aziz, A.: ISTOA: an improved sooty tern optimization

algorithm for multilevel threshold image segmentation. In: International Conference


https://scholar.google.com/scholar?&q=Tustison%2C%20N.J.%2C%20Cook%2C%20P.A.%2C%20Holbrook%2C%20A.J.%2C%20Johnson%2C%20H.J.%2C%20Muschelli%2C%20J.%2C%20Devanyi%2C%20G.A.%2C%20et%20al.%3A%20ANTsX%3A%20a%20dynamic%20ecosystem%20for%20quantitative%20biological%20and%20medical%20imaging.%20medRxiv%20%282020%29
https://scholar.google.com/scholar?&q=Halawani%2C%20H.T.%3A%20Salp%20swarm%20algorithm%20with%20multilevel%20thresholding%20based%20brain%20tumor%20segmentation%20model.%20Comput.%20Mater.%20Continua%2074%283%29%20%282023%29
https://doi.org/10.5194%2Fisprs-archives-XLVIII-4-W6-2022-391-2023
https://scholar.google.com/scholar_lookup?&title=Assessment%20of%20mangrove%20extent%20extraction%20accuracy%20of%20threshold%20segmentation-based%20indices%20using%20sentinel%20imagery&journal=Int.%20Arch.%20Photogram.%20Remote%20Sens.%20Spat.%20Inform.%20Sci.&volume=48&pages=391-401&publication_year=2023&author=Zablan%2CCDC&author=Blanco%2CAC&author=Nadaoka%2CK&author=Martinez%2CKP&author=Baloloy%2CAB
https://scholar.google.com/scholar?&q=Kalavathi%2C%20P.%2C%20Durga%2C%20G.S.%2C%20Naganandhini%2C%20S.%3A%20Segmentation%20of%20Iris%20from%20human%20eye%20image%20using%20active%20contour%20model.%20In%3A%20National%20Conference%20on%20Computational%20Methods%2C%20Communication%20Techniques%20and%20Informatics%2C%20p.%206%20%282017%29
https://link.springer.com/doi/10.1007/s11042-021-10909-w
https://scholar.google.com/scholar_lookup?&title=Multilevel%20thresholding%20for%20image%20segmentation%20with%20exchange%20market%20algorithm&journal=Multimed.%20Tools%20Appl.&volume=80&issue=18&pages=27553-27591&publication_year=2021&author=Kalyani%2CR&author=Sathya%2CPD&author=Sakthivel%2CVP
https://scholar.google.com/scholar?&q=Ashir%2C%20A.M.%3A%20Multilevel%20thresholding%20for%20image%20segmentation%20using%20mean%20gradient.%20J.%20Electr.%20Comput.%20Eng.%20%282022%29

32.

33.

34,

35.

36.

on Next Generation Wired/Wireless Networking, pp. 133—148. Springer Nature
Switzerland, Cham (2022)

Google Scholar

Alabool, H.M., Alarabiat, D., Abualigah, L., Heidari, A.A.: Harris hawks optimization:
a comprehensive review of recent variants and applications. Neural Comput. Appl.
33, 8939-8980 (2021)

Article Google Scholar

Amani, M., Ghorbanian, A., Ahmadi, S.A., Kakooei, M., Moghimi, A., Mirmazloumi,
S.M., Brisco, B.: Google earth engine cloud computing platform for remote sensing
big data applications: a comprehensive review. IEEE ]. Sel. Topics Appl. Earth Obs.
Remote Sens. 13, 5326—5350 (2020)

Google Scholar

Hossain, M.D., Chen, D.: Segmentation for object-based image analysis (OBIA): a
review of algorithms and challenges from remote sensing perspective. ISPRS J.
Photogram. Remote Sens. 150, 115-134 (2019)

Article Google Scholar

Liu, Y, Ren, Q., Geng, J., Ding, M., Li, J.: Efficient patch-wise semantic segmentation

for large-scale remote sensing images. Sensors 18(10), 3232 (2018)

Article Google Scholar

Kemker, R., Salvaggio, C., Kanan, C.: Algorithms for semantic segmentation of
multispectral remote sensing imagery using deep learning. ISPRS J. Photogram.
Remote Sens. 145, 60—77 (2018)

Article Google Scholar



https://scholar.google.com/scholar?&q=Mostafa%2C%20R.R.%2C%20Khedr%2C%20A.M.%2C%20Aziz%2C%20A.%3A%20ISTOA%3A%20an%20improved%20sooty%20tern%20optimization%20algorithm%20for%20multilevel%20threshold%20image%20segmentation.%20In%3A%20International%20Conference%20on%20Next%20Generation%20Wired%2FWireless%20Networking%2C%20pp.%20133%E2%80%93148.%20Springer%20Nature%20Switzerland%2C%20Cham%20%282022%29
https://link.springer.com/doi/10.1007/s00521-021-05720-5
https://scholar.google.com/scholar_lookup?&title=Harris%20hawks%20optimization%3A%20a%20comprehensive%20review%20of%20recent%20variants%20and%20applications&journal=Neural%20Comput.%20Appl.&volume=33&pages=8939-8980&publication_year=2021&author=Alabool%2CHM&author=Alarabiat%2CD&author=Abualigah%2CL&author=Heidari%2CAA
https://scholar.google.com/scholar?&q=Amani%2C%20M.%2C%20Ghorbanian%2C%20A.%2C%20Ahmadi%2C%20S.A.%2C%20Kakooei%2C%20M.%2C%20Moghimi%2C%20A.%2C%20Mirmazloumi%2C%20S.M.%2C%20Brisco%2C%20B.%3A%20Google%20earth%20engine%20cloud%20computing%20platform%20for%20remote%20sensing%20big%20data%20applications%3A%20a%20comprehensive%20review.%20IEEE%20J.%20Sel.%20Topics%20Appl.%20Earth%20Obs.%20Remote%20Sens.%2013%2C%205326%E2%80%935350%20%282020%29
https://doi.org/10.1016%2Fj.isprsjprs.2019.02.009
https://scholar.google.com/scholar_lookup?&title=Segmentation%20for%20object-based%20image%20analysis%20%28OBIA%29%3A%20a%20review%20of%20algorithms%20and%20challenges%20from%20remote%20sensing%20perspective&journal=ISPRS%20J.%20Photogram.%20Remote%20Sens.&volume=150&pages=115-134&publication_year=2019&author=Hossain%2CMD&author=Chen%2CD
https://doi.org/10.3390%2Fs18103232
https://scholar.google.com/scholar_lookup?&title=Efficient%20patch-wise%20semantic%20segmentation%20for%20large-scale%20remote%20sensing%20images&journal=Sensors&volume=18&issue=10&publication_year=2018&author=Liu%2CY&author=Ren%2CQ&author=Geng%2CJ&author=Ding%2CM&author=Li%2CJ
https://doi.org/10.1016%2Fj.isprsjprs.2018.04.014
https://scholar.google.com/scholar_lookup?&title=Algorithms%20for%20semantic%20segmentation%20of%20multispectral%20remote%20sensing%20imagery%20using%20deep%20learning&journal=ISPRS%20J.%20Photogram.%20Remote%20Sens.&volume=145&pages=60-77&publication_year=2018&author=Kemker%2CR&author=Salvaggio%2CC&author=Kanan%2CC

37.

38.

39.

40.

41.

4.

Shi, W., Meng, Q., Zhang, L., Zhao, M., Su, C., Jancsé, T.: DSANet: a deep
supervision-based simple attention network for efficient semantic segmentation in
remote sensing imagery. Remote Sens. 14(21), 5399 (2022)

Article Google Scholar

Liu, L., Awwad, E.M., Ali, Y.A., Al-Razgan, M., Maarouf, A., Abualigah, L., Hoshyar,
AN.: Multi-dataset Hyper-CNN for Hyperspectral Image Segmentation of Remote
Sensing Images (2023)

Google Scholar

Kang, X, Li, S., Fang, L., Benediktsson, J.A.: Extended Random Walker-Based
Classification of Hyperspectral Images (2015)

Google Scholar

Mondal, B., Saha, A., Roy, A.: Mapping Mangroves Using LISS-IV and Hyperion Data
in Part of the Indian Sundarban (2019)

Google Scholar

Hu, H., Yin, R., Brown, H.M., Laskin, J.: Spatial segmentation of mass spectrometry
imaging data by combining multivariate clustering and univariate thresholding.
Anal. Chem. 93(7), 3477-3485 (2021)

Article Google Scholar

Rundo, L., Beer, L., Ursprung, S., Martin-Gonzalez, P., Markowetz, F., Brenton, J.D.,
Woitek, R.: Tissue-specific and interpretable sub-segmentation of whole tumour
burden on CT images by unsupervised fuzzy clustering. Comput. Biol. Med. 120,
103751 (2020)

Google Scholar



https://doi.org/10.3390%2Frs14215399
https://scholar.google.com/scholar_lookup?&title=DSANet%3A%20a%20deep%20supervision-based%20simple%20attention%20network%20for%20efficient%20semantic%20segmentation%20in%20remote%20sensing%20imagery&journal=Remote%20Sens.&volume=14&issue=21&publication_year=2022&author=Shi%2CW&author=Meng%2CQ&author=Zhang%2CL&author=Zhao%2CM&author=Su%2CC&author=Jancs%C3%B3%2CT
https://scholar.google.com/scholar?&q=Liu%2C%20L.%2C%20Awwad%2C%20E.M.%2C%20Ali%2C%20Y.A.%2C%20Al-Razgan%2C%20M.%2C%20Maarouf%2C%20A.%2C%20Abualigah%2C%20L.%2C%20Hoshyar%2C%20A.N.%3A%20Multi-dataset%20Hyper-CNN%20for%20Hyperspectral%20Image%20Segmentation%20of%20Remote%20Sensing%20Images%20%282023%29
https://scholar.google.com/scholar?&q=Kang%2C%20X.%2C%20Li%2C%20S.%2C%20Fang%2C%20L.%2C%20Benediktsson%2C%20J.A.%3A%20Extended%20Random%20Walker-Based%20Classification%20of%20Hyperspectral%20Images%20%282015%29
https://scholar.google.com/scholar?&q=Mondal%2C%20B.%2C%20Saha%2C%20A.%2C%20Roy%2C%20A.%3A%20Mapping%20Mangroves%20Using%20LISS-IV%20and%20Hyperion%20Data%20in%20Part%20of%20the%20Indian%20Sundarban%20%282019%29
https://doi.org/10.1021%2Facs.analchem.0c04798
https://scholar.google.com/scholar_lookup?&title=Spatial%20segmentation%20of%20mass%20spectrometry%20imaging%20data%20by%20combining%20multivariate%20clustering%20and%20univariate%20thresholding&journal=Anal.%20Chem.&volume=93&issue=7&pages=3477-3485&publication_year=2021&author=Hu%2CH&author=Yin%2CR&author=Brown%2CHM&author=Laskin%2CJ
https://scholar.google.com/scholar?&q=Rundo%2C%20L.%2C%20Beer%2C%20L.%2C%20Ursprung%2C%20S.%2C%20Martin-Gonzalez%2C%20P.%2C%20Markowetz%2C%20F.%2C%20Brenton%2C%20J.D.%2C%20Woitek%2C%20R.%3A%20Tissue-specific%20and%20interpretable%20sub-segmentation%20of%20whole%20tumour%20burden%20on%20CT%20images%20by%20unsupervised%20fuzzy%20clustering.%20Comput.%20Biol.%20Med.%20120%2C%20103751%20%282020%29

43,

L,

45,

46.

47.

48.

49.

Alsultanny, Y.: Color image segmentation to the RGB and HSI model based on region
growing algorithm (2010)

Google Scholar

Magro, N., Bonnici, A., Cristina, S.: Hyperspectral Image Segmentation For Paint
Analysis, pp. 1374—1378 (2021)

Google Scholar

Liu, L., Delnevo, G., Mirri, S.: Unsupervised hyperspectral image segmentation of
films: a hierarchical clustering-based approach. J. Big Data 10, 31 (2023)

Article Google Scholar

Gutiérrez-Zaballa, J., Basterretxea, K., Echanobe, J., Victoria Martinez, M.,
Martinez-Corral, U., Mata-Carballeira, 0., del Campo, I.: On-chip hyperspectral
image segmentation with fully convolutional networks for scene understanding in
autonomous driving. J. Syst. Arch. 139, 102878 (2023), ISSN 1383-7621

Google Scholar

Liu, L., Awwad, E.M., Ali, Y.A., Maarouf, A., Abualigah, L., Hoshyar, A.N.: Multi-
dataset hyper-CNN for hyperspectral image segmentation of remote sensing
images. Processes 11(2), 435 (2023)

Article Google Scholar

Archana, R., Jeevaraj, P.S.E.: Deep learning models for digital image processing: a
review. Artif. Intell. Rev. 57, 11 (2024)

Article Google Scholar

Peng, T., Wang, C., Tang, C., Gu, Y., Zhao, J., Li, Q., Cai, J.: A multi-center study of

ultrasound images using a fully automated segmentation architecture. Pattern


https://scholar.google.com/scholar?&q=Alsultanny%2C%20Y.%3A%20Color%20image%20segmentation%20to%20the%20RGB%20and%20HSI%20model%20based%20on%20region%20growing%20algorithm%20%282010%29
https://scholar.google.com/scholar?&q=Magro%2C%20N.%2C%20Bonnici%2C%20A.%2C%20Cristina%2C%20S.%3A%20Hyperspectral%20Image%20Segmentation%20For%20Paint%20Analysis%2C%20pp.%201374%E2%80%931378%20%282021%29
https://link.springer.com/doi/10.1186/s40537-023-00713-8
https://scholar.google.com/scholar_lookup?&title=Unsupervised%20hyperspectral%20image%20segmentation%20of%20films%3A%20a%20hierarchical%20clustering-based%20approach&journal=J.%20Big%20Data&volume=10&publication_year=2023&author=Liu%2CL&author=Delnevo%2CG&author=Mirri%2CS
https://scholar.google.com/scholar?&q=Guti%C3%A9rrez-Zaballa%2C%20J.%2C%20Basterretxea%2C%20K.%2C%20Echanobe%2C%20J.%2C%20Victoria%20Mart%C3%ADnez%2C%20M.%2C%20Martinez-Corral%2C%20U.%2C%20Mata-Carballeira%2C%20%C3%93.%2C%20del%20Campo%2C%20I.%3A%20On-chip%20hyperspectral%20image%20segmentation%20with%20fully%20convolutional%20networks%20for%20scene%20understanding%20in%20autonomous%20driving.%20J.%20Syst.%20Arch.%20139%2C%20102878%20%282023%29%2C%20ISSN%201383-7621
https://doi.org/10.3390%2Fpr11020435
https://scholar.google.com/scholar_lookup?&title=Multi-dataset%20hyper-CNN%20for%20hyperspectral%20image%20segmentation%20of%20remote%20sensing%20images&journal=Processes&volume=11&issue=2&publication_year=2023&author=Liu%2CL&author=Awwad%2CEM&author=Ali%2CYA&author=Maarouf%2CA&author=Abualigah%2CL&author=Hoshyar%2CAN
https://link.springer.com/doi/10.1007/s10462-023-10631-z
https://scholar.google.com/scholar_lookup?&title=Deep%20learning%20models%20for%20digital%20image%20processing%3A%20a%20review&journal=Artif.%20Intell.%20Rev.&volume=57&publication_year=2024&author=Archana%2CR&author=Jeevaraj%2CPSE

Recogn. 145,109925 (2024), ISSN 0031-3203

Google Scholar

Author information

Authors and Affiliations

IEM Centre of Excellence for InnovAlI, Department of CSE, Institute of Engineering and
Management, Kolkata, India
Anindita Das Bhattacharjee, Srijita Sarkar & Snehil Dey

Corresponding author

Correspondence to Anindita Das Bhattacharjee .

Editor information

Editors and Affiliations

Department of Computer Science and Engineering, Thapar Institute of Engineering
and Technology, Patiala, Punjab, India
Anu Bajaj

School of Artificial Intelligence, Sai University, Chennai, Tamil Nadu, India
Ajith Abraham

Rights and permissions

Reprints and permissions

Copyright information

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

About this chapter


https://scholar.google.com/scholar?&q=Peng%2C%20T.%2C%20Wang%2C%20C.%2C%20Tang%2C%20C.%2C%20Gu%2C%20Y.%2C%20Zhao%2C%20J.%2C%20Li%2C%20Q.%2C%20Cai%2C%20J.%3A%20A%20multi-center%20study%20of%20ultrasound%20images%20using%20a%20fully%20automated%20segmentation%20architecture.%20Pattern%20Recogn.%20145%2C%20109925%20%282024%29%2C%20ISSN%200031-3203
mailto:anindita.dasbhattacharjee@iem.edu.in
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Enhancing%20Spatial-Spectral%20Analysis%20of%20Hyperspectral%20and%20Multispectral%20Satellite%20Imagery%20with%20Multilevel%20Thresholding%20and%C2%A0Multi-Otsu%20Segmentation&author=Anindita%20Das%20Bhattacharjee%2C%20Srijita%20Sarkar%2C%20Snehil%20Dey&contentID=10.1007%2F978-3-031-83123-2_6&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG&publication=eBook&publicationDate=2025&startPage=155&endPage=177&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG

Cite this chapter

Das Bhattacharjee, A., Sarkar, S., Dey, S. (2025). Enhancing Spatial-Spectral Analysis of
Hyperspectral and Multispectral Satellite Imagery with Multilevel Thresholding and Multi-
Otsu Segmentation. In: Bajaj, A., Abraham, A. (eds) Computational Intelligence based
Hyperspectral Image Processing. Intelligent Systems Reference Library, vol 268. Springer,
Cham. https://doi.org/10.1007/978-3-031-83123-2_6

.RISYX .ENWY .BIBY

DOI Published Publisher Name
https://doi.org/10.1007/9 26 March 2025 Springer, Cham
78-3-031-83123-2_6

Print ISBN Online ISBN eBook Packages
978-3-031-83122-5 978-3-031-83123-2 Intelligent Technologies

and Robotics

Intelligent Technologies
and Robotics (R0O)

Publish with us

Policies and ethics [2



https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-83123-2_6?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2025&facet-end-year=2025
https://www.springernature.com/gp/policies/book-publishing-policies

