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Çàäà÷à ñåãìåíòàöèè

Çàäà÷à ñåãìåíòàöèè

Cåãìåíòàöèÿ � çàäà÷à ðàçáèåíèÿ
èçîáðàæåíèÿ íà îáëàñòè,
ñîîòâåòñòâóþùèå ðàçëè÷íûì
îáúåêòàì.
Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ:
ðàçëè÷àåì îáúåêòû ïî èõ òèïàì.
Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ =
êëàññèôèêàöèÿ êàæäîãî ïèêñåëÿ.

Èçîáðàæåíèÿ: Fei-Fei Li & Andrej Karpathy & Justin Johnson CS231N, Lecture 13, 2015-16;

http://www.inf-cv.uni-jena.de/semantic_segmentation
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Patch-based ïîäõîä

Òèïè÷íàÿ àðõèòåêòóðà ñâ¼ðòî÷íîé íåéðîííîé ñåòè

Èçîáðàæåíèå: Y. LeCun et al. "Gradient-Based Learning Applied to Document Recognition", Intelligent

Signal Processing, 306-351, IEEE Press, 2001
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Patch-based ïîäõîä

Èçîáðàæåíèÿ: Fei-Fei Li & Andrej Karpathy & Justin Johnson CS231N, Lecture 13, 2015-16
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Fully Convolutional Networks (FCN)

Fully Convolutional Networks (FCN)

FCN [1] ïîëíîñòüþ
ñîñòîÿò èç ñâ¼ðòî÷íûõ
ñëî¼â

Ïîëó÷àþò ñåãìåíòàöèþ
òîãî æå ðàçðåøåíèÿ, ÷òî
è èñõîäíîå èçîáðàæåíèå

Èñïîëüçóþò èäåþ transfer

learning (àäàïòèðóþò
VGG, GoogLeNet è äð.)
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Fully Convolutional Networks (FCN)

Ïðåäîáó÷åííóþ ñåòü äëÿ
êëàññèôèêàöèè ìîæíî
àäàïòèðîâàòü äëÿ
ñåãìåíòàöèè

Ïîñëå âñòðàèâàíèÿ ñëî¼â
ìîæíî ïðîèçâåñòè
�ne-tuning

Îñíîâíàÿ ïðîáëåìà:
íèçêîå ðàçðåøåíèå íà
âûõîäå

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè 10



Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Fully Convolutional Networks (FCN)

Fully Convolutional Networks (FCN)

Ïðåäîáó÷åííóþ ñåòü äëÿ
êëàññèôèêàöèè ìîæíî
àäàïòèðîâàòü äëÿ
ñåãìåíòàöèè

Ïîñëå âñòðàèâàíèÿ ñëî¼â
ìîæíî ïðîèçâåñòè
�ne-tuning

Îñíîâíàÿ ïðîáëåìà:
íèçêîå ðàçðåøåíèå íà
âûõîäå

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè 11



Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Fully Convolutional Networks (FCN)

Upsampling

Äëÿ ïîâûøåíèÿ
ðàçðåøåíèÿ (upsampling)
ìîæíî èñïîëüçîâàòü êàê
ïðîñòûå, òàê è îáó÷àåìûå
ìåòîäû
Deconvolution layer
(= fractionally strided
convolution)
(= backwards strided
convolution)

Èçîáðàæåíèÿ: Fei-Fei Li & Andrej Karpathy & Justin Johnson CS231N, Lecture 13, 2015-16
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Fully Convolutional Networks (FCN)

Îáó÷åíèå íà êàðòèíêàõ áîëåå ýôôåêòèâíî, ÷åì íà îòäåëüíûõ ïàò÷àõ.
Ïðè ýòîì ïàò÷åé ìîæíî ïîëó÷èòü íàìíîãî áîëüøå.

Äëÿ èìèòàöèè îáó÷åíèÿ ïî ïàò÷àì ìîæíî ñ÷èòàòü ôóíêöèþ ïîòåðü
òîëüêî ïî ñëó÷àéíîìó íàáîðó âûõîäíûõ ïèêñåëåé.
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Fully Convolutional Networks (FCN)

Fully Convolutional Networks (FCN)

Ðåçóëüòàòû íà
ñîðåâíîâàíèè ïî
ñåãìåíòàöèè PASCAL VOC
2011 [5]. Ñðàâíåíèå
áàçîâûõ ìîäåëåé.
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè Fully Convolutional Networks (FCN)

Skip connections

Èäåÿ skip connections:
àíñàìáëèðóþòñÿ
ïðåäñêàçàíèÿ ïî ðàçíûì
ðàçðåøåíèÿì
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Skip connections

Ñðàâíåíèå ðàçëè÷íûõ
àíñàìáëåé.
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Fully Convolutional Networks (FCN)

Ñðàâíåíèå ñ äðóãèìè
ìåòîäàìè.
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Ðàñøèðåíèÿ FCN

CRF-RNN [3]

DeepLab [4]
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè U-Net

Çàäà÷à ñåãìåíòàöèè äëÿ áèîìåäèöèíñêèõ äàííûõ

Ìíîãèå áèîìåäèöèíñêèå èçîáðàæåíèÿ áîëåå ïðîñòû, ÷åì âèçóàëüíûå
ñöåíû

Îäíà èç îñíîâíûõ ïðîáëåì â ìåäèöèíñêîé ñåãìåíòàöèè � ìàëûé îáú¼ì
äàííûõ (äåñÿòêè-ñîòíè ñíèìêîâ)

https://grand-challenge.org/all_challenges/
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U-Net

U-Net [2] � âàðèàíò
ïîëíîñâ¼ðòî÷íîé
íåéðîííîé ñåòè äëÿ
ìàëûõ îáú¼ìîâ äàííûõ

Ñóùåñòâåííî èñïîëüçóåò
èäåþ skip connections

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè 20



Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè U-Net

Àðõèòåêòóðà U-Net
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè U-Net

Îáó÷åíèå U-Net

Mini-batch SGD with momentum:

v ← γv + α∇θ

(
1

m

m∑
i=1

L(f (x (i); θ), y (i))

)
θ ← θ − v

Àâòîðû [2] ïðåäïî÷èòàþò îáó÷àòü
íà áîëüøèõ èçîáðàæåíèÿõ, à íå ñ
áîëüøèì batch size.

batch size = 1 (online learning),
momentum = 0.99.

Data augmentation: elastic
transforms
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Îáó÷åíèå U-Net

Ãðàíèöû îáúåêòîâ óñèëèâàþòñÿ ïî ñðàâíåíèþ ñ âíóòðåííîñòÿìè. Êàæäûé
ïèêñåëü êîððåêòíîé ðàçìåòêè wc(x) ïåðåñ÷èòûâàåòñÿ ïî ôîðìóëå

w(x) = wc(x) + w0 · exp
(
− (d1(x) + d2(x))

2

2σ2

)
,

ãäå d1(x), d2(x) � ðàññòîÿíèÿ îò x äî äâóõ áëèæàéøèõ êëåòîê.
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U-Net

EM Segmentation
Challenge (ISBI 2012), [6]

30 èçîáðàæåíèé äëÿ
îáó÷åíèÿ, 512x512

Èçîáðàæåíèå: EM Segmentation Challenge
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U-Net

ISBI Cell Tracking
Challenge 2015, [6]

PhC-U373: 35
èçîáðàæåíèé äëÿ
îáó÷åíèÿ
DIC-HeLa: 20
èçîáðàæåíèé äëÿ
îáó÷åíèÿ
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U-Net

Computer-Automated
Detection of Caries in
Bitewing Radiography 2015,
[7]

40 èçîáðàæåíèé äëÿ
îáó÷åíèÿ
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U-Net

Kaggle Ultrasound Nerve
Segmentation, 2016 [8]

2000 èçîáðàæåíèé äëÿ
îáó÷åíèÿ

U-Net � ëó÷øàÿ ìîäåëü
äëÿ ñîðåâíîâàíèÿ ñðåäè
ïóáëè÷íî äîñòóïíûõ
ðåøåíèé (Top 20)

Ðåøåíèå 17 ìåñòà: [9]
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Íåéðîííûå ñåòè äëÿ ñåãìåíòàöèè U-Net

Ñïèñîê ëèòåðàòóðû I

Jonathan Long, Evan Shelhamer, and Trevor Darrell.

Fully Convolutional Networks for Semantic Segmentation.
CVPR, 2015.

O. Ronneberger, P. Fischer, and T. Brox.

U-Net: Convolutional networks for biomedical image segmentation
MICCAI, 2015.

S. Zheng et al.

Conditional Random Fields as Recurrent Neural Networks.
2015 IEEE International Conference on Computer Vision (ICCV), Santiago, 2015, pp. 1529-1537

G. Papandreou, L. C. Chen, K. P. Murphy and A. L. Yuille.

Weakly-and Semi-Supervised Learning of a Deep Convolutional Network for Semantic Image
Segmentation.
2015 IEEE International Conference on Computer Vision (ICCV), Santiago, 2015, pp. 1742-1750.

PASCAL Visual Object Classes Challenge 2011 (VOC2011)

URL: http://host.robots.ox.ac.uk/pascal/VOC/voc2011/

International Symposium on Biomedical Imaging: From Nano to Macro (ISBI)

URL: http://biomedicalimaging.org/2015/program/isbi-challenges/

Computer-Automated Detection of Caries in Bitewing Radiography, 2015

URL: http://www-o.ntust.edu.tw/ cweiwang/ISBI2015/challenge2/
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Ñïèñîê ëèòåðàòóðû II

Kaggle Ultrasound Nerve Segmentation, 2016

URL: https://www.kaggle.com/c/ultrasound-nerve-segmentation

Andrew L. Beam "Segmenting the Brachial Plexus with Deep Learning", 17 place in Kaggle
Ultrasound Nerve Segmentation
URL: https://beamandrew.github.io/deeplearning/2016/08/20/kaggle-segmentation.html

Z. Lian, X. Jing, X. Wang, H. Huang, Y. Tan and Y. Cui.

DropConnect Regularization Method with Sparsity Constraint for Neural Networks.
Chinese Journal of Electronics, vol. 25, no. 1, pp. 152-158, 1 2016.
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