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MopenupoBaHue H3MEHEHUH JeCHOr0 NOKPOBa MO [JAHHBIM [IMCTAHIUOHHOTO 30HAUPOBAHUS 3eMHOI
TMOBEPXHOCTH

Ilpeocmasnen ancopumm 0emekmuposanus nPoOU30UeOUUX 3d ONpedeieHHbII NEPUOO 8PEMeHU USMEHEHUL TeCHO20
NOKPOBA ¢ UCNONIb308AHUEM CILYMHUKOBLIX U300padceHull. B kauecmese usmeneHul paccmampugaromes jechvle gublpyoxu
Kak Haubojee 4acmo ecmpedaroujeecs UsMeHeHue 1eCHo20 NOKposa & cpedrell noioce Poccuu. Ilpednacaemoe pewerue
OCHOBAHO HA UCNOAb308AHUU NAPHBIX U300PANCEHUL, COCMOAWUX U3 08YX CHYMHUKOBLIX CHUMKO8 OOHOIU U Mol dce
meppumopuy 8 pasHvle MOMEHmbl 8peMeHU, Komopble 00pabamvlearomcs HelupocemesviMu MOOeIAMU C Yelblo
NOAYYeHUss OUHAPHOU MACKU Ce2MeHmayuu, Ccoomeemcmayiouell npousoueouum eulpyoxam. [nsa nposedeHus
axcnepumenma 6vin  cobpan nabop u3z 109 napueix uzobpadxcenuil. B kauecmee Helpocemesvix Mmooeneu
pacemampusaiomesi mpu mooenu ¢ apxumexkmypamu ResNet-34+U-Net, SegFormer b5 u SegNeXt I. /lns oyenxu
pabomvl mooenell uchorv3o6anuce kodpguyuenm Cepencena, F-mepa, mounocmv u nornoma. Cemv SegNeXt |
nokasana ayuuue pezyabmamsl no koagguyuenmy Ceperncena u nornome co snauenusmu 0,84 u 0,80, a cemv ResNet-
34+U-Net — nyuwue pesynomameol no mounocmu u F-vepe — 0,71 u 0,74.

Kniouesvie cnosa: demekmuposayue M3M€H€HM11, ceamermayus u3o6pa9fceyuﬁ, CNnYymHUKoeble M306panC€Hu}l,
JleCHbvle sblpy61<u, ceepmoynble HeﬁpOHHble cemu, Komnvslomeproe 3pernue.
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CnHcoK JUTepaTypsl

1. Khryashchev V., Larionov R. Wildfire Segmentation on Satellite Images using Deep Learning / Moscow Workshop
on Electronic and Networking Technologies (MWENT). 2020. Pp. 1-5.

2. Eremchenko E. What is and What is not the Digital Earth? // GraphiCon 2020: Proceedings of the 30th International
Conference on Computer Graphics and Machine Vision. Saint Petersburg. 2020. Pp. 1-11.

3. Jlapuonog P.B., Xpsuyes B.B., I[1asnos B.A. Vicionb3oBanue uzodpaxenuii ¢ BITJIA mis oOHapykeHHs HE3aKOHHBIX
CBAJIOK TBEPABIX OBITOBBIX 0TX010B // Tp. 23-ii MexxayHapoaHor koHDepeniun «Ludposas 00paboTka CUrHAJIOB U €
npumenenne» (LJOC-2021): — M.: PHTOPOC um. A.C. ITomosa. 2021. C. 209-213.

4. Tapacos A. B. OueHka TOYHOCTH METOJIOB MaCKUPOBaHUsI 00J1a4HOCTH 10 cHUMKaM Sentinel-2 u PlanetScope // Tp.
VI MexayHap. Hay4H. KoHpepeHUnn «PernoHanpHbie mpo0ieMbl AUCTAHIMOHHOTO 30HAUPOBAHUS 3EMITI.
Kpacrosipek. 2019. C. 139-143.

5. Khryashchev V., Larionov R., Kotov N., Nazarovsky A. Segmentation of Agricultural Fields on Microwave C-Band
SAR Images // International Siberian Conference on Control and Communications (SIBCON). 2022. Pp. 1-5.

6. Dergacheva E., Demidenko E. Visualizing Global Socio-Technogenic Human Transformation: Digital Challenges
of Living Earth // GraphiCon 2020: Proceedings of the 30™ International Conference on Computer Graphics and
Machine Vision. Saint Petersburg. 2020. Pp. 1-14.

7. Copernicus [Dnekrponnsiii pecypc]. URL: https://www.copernicus.eu/en (nara oopamenus 12.07.2023).

8. Tavera A., Arnaudo E., Masone C., Caputo B. Augmentation Invariance and Adaptive Sampling in Semantic
Segmentation of Agricultural Aerial Images // Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) Workshops. 2022. Pp. 1656 1665.

9. Ronneberger O., Fischer P., Brox T. U-Net: Convolutional Networks for Biomedical Image Segmentation // Medical
Image Computing and Computer-Assisted Intervention — MICCAI 2015. Lecture Notes in Computer Science. Springer.
2015. Vol. 9351. Pp. 234-241.



10. He. K., Zhang X., Ren S., Sun J. Deep Residual Learning for Image Recognition // IEEE Conference on Computer
Vision and Pattern Recognition (CVPR). 2016. Pp. 770-778.

11. Vaswani A. et al. Attention is all you need // NIPS'17: Proceedings of the 31st International Conference on Neural
Information Processing Systems. 2017. Pp. 6000-6010.

12. Enze X. et al. SegFormer: Simple and Efficient Design for Semantic Segmentation with Transformers // Neural
Information Processing Systems (NeurIPS). 2021. Pp. 1-14.

13. Guo M. et al. SegNeXt: Rethinking convolutional attention design for semantic segmentation // Neural Information
Processing Systems (NeurIPS). 2022. Pp. 1-15.

14. Deng J. et al. Imagenet: A large-scale hierarchical image database // Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) Workshops. 2009. Pp. 248-255.

15. Demir I. et al. DeepGlobe 2018: A Challenge to Parse the Earth through Satellite Images // Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR) Workshops. 2018. Pp. 172-17209.

Larionov R.V., Sennikov A.V., Khryashchev V.V. Forest canopy changes modeling on the basis of
remote surface sensing data

The paper presents an algorithm for detecting forest canopy changes during a certain period of time based on satellite
images. Forest coupes are considered as canopy changes as the most typical ones for the Russian middle band. The
solution proposed is based on the usage of the paired images comprising two satellite pictures of the same territory at
different time points. The images are processed by neural network models for obtaining a binary segmentation mask
relevant to the previous coupes. A set of 109 paired images was chosen for the experiment. Three neural network
models with ResNet-34+U-Net, SegFormer_b5, and SegNeXt | architectures were applied. For their validation,
Sgrensen coefficient, F-score, precision, and recall were used. The SegNeXt_| network has demonstrated the best
Sarensen coefficient and recall values (0.84 and 0.8 respectively), while the ResNet-34+U-Net has showed the best
accuracy and F-score (0.71 and 0.74 respectively).

Keywords: measurement detection, image segmentation, satellite images, coupes, convolutional neural networks,
machine vision.





