
Ñåãìåíòàöèÿ Semantic Segmentation SegNet è FCN U-Net Åùå ñåòêè RAN Indices

Ìàøèííîå îáó÷åíèå (Machine Learning)
Ñåãìåíòàöèÿ èçîáðàæåíèé

Óòêèí Ë.Â.

Ñàíêò-Ïåòåðáóðãñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò Ïåòðà Âåëèêîãî



Ñåãìåíòàöèÿ Semantic Segmentation SegNet è FCN U-Net Åùå ñåòêè RAN Indices

Òèïû ñåãìåíòàöèè
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Òèïû ñåãìåíòàöèè
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Semantic segmentation (1)

Åñòü èçîáðàæåíèå è âûõîä - êëàññèôèêàöèÿ êàæäîãî
îòäåëüíîãî ïèêñåëÿ

Íàïðèìåð, âñå ïèêñåëè ñ èçîáðàæåíèåì îâåö áóäóò
îòíåñåíû ê îäíîé êàòåãîðèè, êàê è ïèêñåëè ñ òðàâîé è
äîðîãîé

Îäèí èç âîçìîæíûõ ïîäõîäîâ ê ðåøåíèþ -
ðàññìàòðèâàòü êàê çàäà÷ó êëàññèôèêàöèè ñî
ñêîëüçÿùèì îêíîì

Èñõîäíîå èçîáðàæåíèå ðàçáèâàåòñÿ íà íåñêîëüêî
ôðàãìåíòîâ îäèíàêîâîãî ðàçìåðà

Êàæäûé ôðàãìåíò − â CNN, ÷òîáû êëàññèôèöèðîâàòü
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Semantic segmentation (2)
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Êëàññèôèêàöèÿ è ëîêàëèçàöèÿ (Classi�cation

and localization)

Êëàññèôèêàöèÿ ñòàâèò ìåòêó, íî èíîãäà, èíòåðåñóåò
ðàñïîëîæåíèå ýòîãî îáúåêòà íà èçîáðàæåíèè.

Ìîæíî íàðèñîâàòü îãðàíè÷èâàþùóþ ðàìêó âîêðóã
îáúåêòà íà èçîáðàæåíèè, ÷òîáû ëîêàëèçîâàòü åãî

Êàê?
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Êëàññèôèêàöèÿ è ëîêàëèçàöèÿ (1)

Ñíà÷àëà ìîæíî "ñêîðìèòü"âõîäíîå èçîáðàæåíèå
êàêîé-íèáóäü ãèãàíòñêîé ConvNet, êîòîðàÿ âûäàñò
âåñà ïî êàæäîé êàòåãîðèè

Òåïåðü åñòü åùå îäèí ïîëíîñâÿçíûé ñëîé, êîòîðûé
ïðåäñêàçûâàåò êîîðäèíàòû îãðàíè÷èâàþùåé ðàìêè
äëÿ îáúåêòà (êîîðäèíàòû öåíòðà x, y, à òàêæå âûñîòó
è øèðèíó) èç êàðòû îáúåêòîâ, ñîçäàííîé áîëåå
ðàííèìè ñëîÿìè

Òàêèì îáðàçîì, ñåòêà âûäàñò äâà âûõîäà: îäèí
ñîîòâåòñòâóåò êëàññó èçîáðàæåíèÿ, à äðóãîé �
îãðàíè÷èâàþùåé ðàìêå

Äëÿ îáó÷åíèÿ ñåòè äâå ôóíêöèè ïîòåðü: ïîòåðè
(ýíòðîïèÿ) äëÿ êëàññèôèêàöèè è ïîòåðè L1/L2 äëÿ
ïðåäñêàçàíèé îãðàíè÷èòåëüíîé ðàìêè
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Êëàññèôèêàöèÿ è ëîêàëèçàöèÿ (2)
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Object Detection (1)

Èäåÿ îáíàðóæåíèÿ îáúåêòîâ: íà÷èíàåì ñ íåêîòîðîãî
ôèêñèð. íàáîðà èíòåðåñóþùèõ íàñ êàòåãîðèé

Êàæäûé ðàç, êîãäà ëþáàÿ èç ýòèõ êàòåãîðèé
ïîÿâëÿåòñÿ íà âõîäíîì èçîáðàæåíèè, ìû ðèñóåì
îãðàíè÷èâàþùóþ ðàìêó âîêðóã ýòîãî èçîáðàæåíèÿ
âìåñòå ñ ïðåäñêàçàíèåì ìåòêè êëàññà

Îòëè÷èå îò êëàññèô-èè è ëîêàë-èè â òîì, ÷òî â
detection êëàññèôèöèðóþò è ðèñóþò ðàìêó òîëüêî
âîêðóã îäíîãî îáúåêòà

Â êëàññ. è ëîêàëèç. íå èçâåñòíî çàðàíåå, ñêîëüêî
îáúåêòîâ îæèäàòü íà èçîáðàæåíèè.
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Object Detection - Region Proposals Based

Algorithms (RPBA)

RPBA äàñò ìíîãî ðàìîê, â êîòîðûõ ìîæåò
ïðèñóòñòâîâàòü îáúåêò. Íà âûõîäå âîçìîæåí øóì â
âèäå ðàìîê, â êîòîðûõ íåò îáúåêòîâ. Íî îáúåêò áóäåò
âûáðàí â êà÷åñòâå ðàìêè-êàíäèäàòà.

×òîáû ñäåëàòü âñå ðàìêè-êàíäèäàòû îäèíàêîâîãî
ðàçìåðà, íàì íóæíî äåôîðìèðîâàòü èõ äî íåêîòîðîãî
ôèêñèðîâàííîãî ðàçìåðà êâàäðàòà, êîòîðûé ìîæíî â
êîíå÷íîì èòîãå ïåðåäàòü â ñåòü.

Çàòåì ïðèìåíÿþò áîëüøóþ ConvNet ê êàæäîé
ðàìêå-êàíäèäàòó äëÿ êëàññèôèêàöèè.
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Object Detection - Region Proposals Based

Algorithms (RPBA)

Â ýòîì âñÿ èäåÿ R-CNN. Äëÿ ñíèæåíèÿ ñëîæíîñòè
èñïîëüçóþòñÿ áûñòðûå R-CNN:

ñíà÷àëà ïîëó÷èòü êàðòó îáúåêòîâ ñ âûñîêèì

ðàçðåøåíèåì, ïåðåäàâ âõîäíîå èçîáðàæåíèå ÷åðåç

ConvNet,

çàòåì íàëîæèòü ýòè Region Proposals íà êàðòó

îáúåêòîâ âìåñòî ôàêòè÷åñêîãî èçîáðàæåíèÿ.

Ýòî ïîçâîëÿåò ïîâòîðíî èñïîëüçîâàòü âû÷èñëåíèÿ
ñâåðòêè ïî âñåìó èçîáðàæåíèþ, êîãäà ìíîãî îáðåçêîâ.
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Object Detection - YOLO (You only look once)

YOLO (You only look once)

Ïðèíöèï ðàáîòû YOLO ïîäðàçóìåâàåò ââîä ñðàçó
âñåãî èçîáðàæåíèÿ, êîòîðîå ïðîõîäèò ÷åðåç
ñâåðòî÷íóþ íåéðîííóþ ñåòü òîëüêî îäèí ðàç. Èìåííî
ïîýòîìó îí íàçûâàåòñÿ �You only look once�.

Èäåÿ YOLO: âìåñòî íåçàâèñèìîé îáðàáîòêè
ïðåäëîæåííûõ îáëàñòåé äåëàòü âñå ïðåäñêàçàíèÿ
îäíîâðåìåííî, ïåðåôîðìóëèðóÿ èõ êàê åäèíóþ çàäà÷ó
ðåãðåññèè, ïðÿìî îò ïèêñåëåé èçîáðàæåíèÿ äî
êîîðäèíàò îãðàíè÷èâàþùåé ðàìêè è âåðîÿòíîñòåé
êëàññîâ.
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Object Detection - YOLO (You only look once)

Ñíà÷àëà äåëèì âñå âõîäíîå èçîáðàæåíèå íà ñåòêó
S × S .

Êàæäàÿ ÿ÷åéêà ñåòêè ïðåäñêàçûâàåò C âåðîÿòíîñòåé
óñëîâíîãî êëàññà (Pr(Class|Object)) âìåñòå ñ B
îãðàíè÷èâàþùèìè ðàìêàìè (x , y ,w , h), êàæäàÿ èç
êîòîðûõ èìååò ïîêàçàòåëü äîñòîâåðíîñòè.

Êîîðäèíàòû (x , y) ïðåäñòàâëÿþò öåíòð
ïðÿìîóãîëüíèêà îòíîñèòåëüíî ãðàíèö ÿ÷åéêè ñåòêè,
òîãäà êàê øèðèíà w è âûñîòà h ïðåäñêàçûâàþòñÿ
îòíîñèòåëüíî âñåãî èçîáðàæåíèÿ.

Âåðîÿòíîñòè çàâèñÿò îò ÿ÷åéêè ñåòêè, ñîäåðæàùåé
îáúåêò. Ïðîãíîçèðóåòñÿ òîëüêî îäèí íàáîð
âåðîÿòíîñòåé êëàññà íà ÿ÷åéêó ñåòêè, íåçàâèñèìî îò
êîëè÷åñòâà ðàìîê B .
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Object Detection - YOLO

YOLO (You only look once)
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Object Detection - YOLO (You only look once)

Ïîêàçàòåëè äîñòîâåðíîñòè îòðàæàþò, íàñêîëüêî
ìîäåëü óâåðåíà â òîì, ÷òî ðàìêà ñîäåðæèò îáúåêò.
Åñëè â ðàìêå íåò îáúåêòîâ, òî ïîêàçàòåëü
äîñòîâåðíîñòè äîëæåí áûòü ðàâåí íóëþ. Ñ äðóãîé
ñòîðîíû, ïîêàçàòåëü äîñòîâåðíîñòè äîëæåí áûòü
òàêèì æå, êàê ïåðåñå÷åíèå ïî îáúåäèíåíèþ (IOU)
ìåæäó ïðåäñêàçàííîé ðàìêîé è ìåòêîé êëàññà.

Con�dence score = Pr(Object) * IOU
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Object Detection - YOLO (You only look once)

Âî âðåìÿ òåñòèðîâàíèÿ óñëîâíûå âåðîÿòíîñòè êëàññà
óìíîæàþòñÿ íà ïðåäñêàçàííûå äîñòîâåðíîñòè
îòäåëüíûõ ðàìîê, ÷òî äàåò îöåíêè äîñòîâåðíîñòè äëÿ
êàæäîãî êëàññà äëÿ êàæäîé ðàìêè. Ýòè îöåíêè
êîäèðóþò êàê âåðîÿòíîñòü òîãî, ÷òî ýòîò êëàññ
ïîÿâèòñÿ â ðàìêå, òàê è òî, íàñêîëüêî õîðîøî
ïðåäñêàçàííàÿ ðàìêà ñîîòâåòñòâóåò îáúåêòó.

Pr(Class | Object) * (Pr(Object) * IOU) = Pr(Class) *
IOU
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ

Ïðîñòî ñîåäèíèòü íàáîð ñâåðòî÷íûõ ñëîåâ, ãäå
çàõâàòûâàþòñÿ ëîêàëüíûå ýëåìåíòû â èçîáðàæåíèÿõ.

CNN ìîæåò êîäèðîâàòü èçîáðàæåíèå êàê êîìïàêòíîå
ïðåäñòàâëåíèå åãî ñîäåðæèìîãî

Îòîáðàæåíèå ìåæäó âõîäíûì èçîáð. è
ñîîòâåòñòâóþùèì âûõîäîì ñåãìåíòàöèè ÷åðåç
èåðàðõè÷åñêîå ïðåäñòàâëåíèå
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Patch-by-patch scanning - Îñíîâíàÿ èäåÿ

Ìåòêà êëàññà îïðåäåëÿåòñÿ äëÿ êàæäîãî ïèêñåëà:
çàäà÷à ðàññìàòðèâàåòñÿ êàê çàäà÷à �ïîïèêñåëíîé�
êëàññèôèêàöèè

Îêíî (patch) ñ öåíòðîì â êàæäîì ïèêñåëå ïîäàåòñÿ íà
âõîä ñâåðòî÷íîé ñåòè äëÿ ãåíåðàöèè åãî êëàññà

Òî÷íîñòü ñåãìåíòàöèè ïîâûøàåòñÿ ñ óâåëè÷åíèåì
ðàçìåðà îêíà, òàê êàê îíî îõâàòûâàåò áîëüøå
êîíòåêñòíîé èíôîðìàöèè

Ãëàâíûé íåäîñòàòîê - áîëüøîå ïåðåêðûòèå ñîñåäíèõ
îêîí è áîëüøîé îáúåì èçáûòî÷íûõ âû÷èñëåíèé
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ



Ñåãìåíòàöèÿ Semantic Segmentation SegNet è FCN U-Net Åùå ñåòêè RAN Indices

Deconvolution network (Deconvnet)

H. Noh S. Hong B. Han, Learning Deconvolution Network for

Semantic Segmentation
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Deconvolution network

Ðåàëèçóåò äâå îñíîâíûå ïðîöåäóðû

1 Unpooling

2 Deconvolution



Ñåãìåíòàöèÿ Semantic Segmentation SegNet è FCN U-Net Åùå ñåòêè RAN Indices

Ïîâûøàþùàÿ äèñêðåòèçàöèÿ (unpooling)

Ïîâûøàþùóþ äèñêðåòèçàöèþ (unpooling, upsampling)
ìîæíî ðàññìàòðèâàòü êàê îïåðàöèþ, îáðàòíóþ
ïîíèæàþùåé äèñêðåòèçàöèè, èëè ñóáäèñêðåòèçàöèè
(pooling, downsampling).
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Unpooling (upsampling)
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Deconvolution

Deconvolution ñëîé layers óïëîòíÿåò ðàðåæåííûé ñëîé,
ïîëó÷åííûé â unpooling, ñ èïîëüçîâàíèåì îïåðàöèé
ñâåðòêè

Â îòëè÷èå îò ñâåðòî÷íûõ ñëîåâ, êîòîðûå ñîåäèíÿþò
ìíîæåñòâåííûå âõîäíûå çíà÷åíèÿ àêòèâàöèè íåéðîíîâ
âíóòðè îêíà ôèëüòðà â îäíî çíà÷åíèå, îáðàòíàÿ
îïåðàöèÿ ñâðòêè àññîöèèðóåò îäèíî÷íîå âõîäíîå
çíà÷åíèå àêòèâàöèè ñ ìíîæåñòâåííûì âûõîäîì
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Convolution
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Deconvolution

Âîçäåéñòâèå îïåðàöèè òðàíñïîíèðîâàííîé ñâåðòêè ñ
èñïîëüçîâàíèåì ðàçìåðà ôèëüòðà èëè ÿäðà, ðàâíûì
3õ3 íà âõîä ðàçìåðîì 2õ2: ðåçóëüòàò - âûõîä
ðàçìåðîì 4õ4.

Â îòëè÷èå îò îáû÷íîé ñâåðòêè, êîãäà ìû âû÷èñëÿåì
ïîòî÷å÷íîå ïðîèçâåäåíèå ôèëüòðà è ÷àñòè âõîäà, â
ñëó÷àå òðàíñïîíèðîâàííîé ñâåðòêè çíà÷åíèÿ ôèëüòðà
ïðè êàæäîì ðàñïîëîæåíèè âçâåøèâàþòñÿ âõîäíûì
çíà÷åíèåì èç òîé ïîçèöèè, â êîòîðîé íàõîäèòñÿ
ôèëüòð, è ýòè âçâåøåííûå çíà÷åíèÿ ôèëüòðà
çàïîëíÿþò ñîîòâåòñòâóþùèå ðàñïîëîæåíèÿ â âûõîäå.
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Deconvolution

Âûõîäû äëÿ ïîñëåäîâàòåëüíûõ âõîäíûõ çíà÷åíèé
âäîëü òîãî æå ïðîñòðàíñòâåííîãî èçìåðåíèÿ
ðàçìåùàþòñÿ ñ çàçîðîì, îïðåäåëÿåìûì âåëè÷èíîé
øàãà òðàíñïîíèðîâàííîé ñâåðòêè.

Ýòè äåéñòâèÿ âûïîëíÿþòñÿ ïî îòíîøåíèþ êî âñåì
âõîäíûì çíà÷åíèÿì.

Íàêîíåö, âûõîäû, ñîîòâåòñòâóþùèå êàæäîìó èç
âõîäíûõ çíà÷åíèé, ñêëàäûâàþòñÿ äëÿ ïîëó÷åíèÿ
êîíå÷íîãî âûõîäà
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Deconvolution 1
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Deconvolution 2
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Deconvolution 3
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Deconvolution and unpooling
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SegNet

V. Badrinarayanan, A. Kendall and R. Cipolla "SegNet: A Deep

Convolutional Encoder-Decoder Architecture for Image

Segmentation."arXiv preprint arXiv:1511.00561, 2015
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Îñîáåííîñòü SegNet

Ñåòü ñîñòîèò èç :

ïîñëåäîâàòåëüíîñòè ñëîåâ íåëèíåéíîãî

ïðåîáðàçîâàíèÿ (êîäåð) è

ñîîòâåòñòâóþùåãî ìíîæåñòâà äåêîäåðîâ, çà êîòîðûìè

ñëåäóåò �ïîïèêñåëíûé� êëàññèôèêàòîð

Êëþ÷åâîé ýëåìåíò SegNet - äåêîäåð èñïîëüçóåò
èíäåêñû, ïîëó÷åííûå íà ýòàïàõ max-pooling â êîäåðå,
äëÿ ðåàëèçàöèè upsampling

Èíäåêñû - ìåñòîïîëîæåíèÿ ïðèçíàêîâ ñ
ìàêñèìàëüíûìè çíà÷åíèÿìè â êàæäîì îêíå pooling
(çàïîìèíàþòñÿ äëÿ êàæäîé êàðòû ïðèçíàêîâ â êîäåðå)

Ýòî ïîçâîëÿåò èçáåæàòü îáó÷åíèÿ ïðîö. upsampling

Ñåòü â öåëîì îáó÷àåòñÿ, èñïîëüçóÿ ãðàäèåíòíûé ñïóñê
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ

Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ ñîñòîèò èç òðåõ øàãîâ:

1 Âûäåëåíèå âñåõ êëàññîâ, ïðèñóòñòâóþùèõ íà
èçîáðàæåíèè.

2 Ñåãìåíòàöèÿ, êîòîðàÿ ïðåäîñòàâëÿåò íå òîëüêî
êëàññû, íî è èíôîðìàöèþ îòíîñèòåëüíî
ïðîñòðàíñòâåííîãî ðàñïîëîæåíèÿ ýòèõ êëàññîâ.

3 Ñîçäàþòñÿ ìåòêè äëÿ êàæäîãî ïèêñåëÿ. Ýòè ìåòêè
óêàçûâàþò íà ïðèíàäëåæíîñòü îïðåäåëåííîãî ïèêñåëÿ
êëàññó.
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ

Ñæàòèå èçîáðàæåíèÿ ïîñðåäñòâîì èñïîëüçîâàíèÿ
ïóëèíãà è ñâåðòîê

Ýòà êîíôèãóðàöèÿ êîäåðà äëÿ çàäà÷ êëàññèôèêàöèè,
òàê êàê îíà çàáîòèëàñü òîëüêî î ñîäåðæàíèè
èçîáðàæåíèÿ, à íå î åãî ìåñòîïîëîæåíèè

Îäíàêî äëÿ çàäà÷è ñåãìåíòàöèè íåîáõîäèìî èìåòü
ìàñêó ñ ïîëíûì ðàçðåøåíèåì äëÿ ïèêñåëüíîãî
ïðîãíîçèðîâàíèÿ
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Semantic Segmentation, êëàññèôèêàöèÿ íà

óðîâíå ïèêñåëîâ
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Fully Convolutional Network (FCN) -

Ïîëíîñâåðòî÷íàÿ ñåòü

Ïîëíîñâåðòî÷íàÿ ñåòü áûëà ïðåäëîæåíà äëÿ
óñòðàíåíèÿ patch-by-patch scanning è äëÿ ïîâûøåíèÿ
ýôôåêòèâíîñòè

FCN çàìåíÿåò ïîëíîñâÿçàííûå ñëîè â ñâåðòî÷íîé ñåòè
íà 1× 1 ñâåðòî÷íûå ÿäðà.

FCN â êà÷åñòâå âõîäà èñïîëüçóåò âñþ êàðòèíêó è
ïîëó÷àåò ñåãìåíòàöèîííóþ êàðòó íà âûõîäå îäíèì
ïðîõîäîì ïðÿìîãî ðàñïðîñòðàíåíèÿ
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Fully Convolutional Network (FCN)

Ïðåîáðàçîâàíèå ïîëíîñâÿçíûõ ñëîåâ â ñâåðòî÷íûå,
îõâàòûâàþùèõ âñþ âõîäíóþ îáëàñòü

Êàæäàÿ èç ýòèõ ñâåðòîê áóäåò âûâîäèòü coarse
heatmap ìåòîê
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FCN

Êîäåð ñæèìàåò èçîáðàæåíèå â èçîáðàæåíèå ñ áîëåå íèçêèì

ðàçðåøåíèåì, ÷òî ïðèâîäèò ê ãðóáîé ñåãìåíòàöèè ïîñëå

îïåðàöèè ïîâûøåíèÿ äèñêðåòèçàöèè (upsampling)
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FCN

Ïîëîæåíèå íà ñëîÿõ áîëåå âûñîêîãî óðîâíÿ ñîîòâåòñòâóþò
ïîëîæåíèÿì íà èçîáðàæåíèè, ñ êîòîðûìè îíè ñâÿçàíû
ïóòÿìè, íàçûâàåìûìè ðåöåïòèâíûìè ïîëÿìè
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U-Net
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U-Net - ïåðâàÿ ÷àñòü

Ïåðâàÿ ÷àñòü ñîñòîèò èç îáû÷íûõ ñâåðòîê, ReLU è
ïóëèíãà 2x2 ñ øàãîì 2, êîòîðûé ïðèâîäèò ê
ïîíèæàþùåé äèñêðåòèçàöèè (downsampling)
ïîñðåäñòâîì ñî÷åòàíèÿ îïåðàöèé ñâåðòêè è
ñóáäèñêðåòèçàöèè ïî ìàêñèìóìó.

Ñâåðòêè àññîöèèðóþòñÿ ñ ïîïèêñåëüíûìè
ReLU-àêòèâàöèÿìè.

Êàæäàÿ îïåðàöèÿ ñâåðòêè âûïîëíÿåòñÿ ñ ôèëüòðîì
ðàçìåðîì 3õ3 è áåç äîïîëíåíèÿ íóëÿìè, ÷òî ïðèâîäèò
ê ðåäóêöèè äâóõ ïèêñåëåé â êàæäîì ïðîñòðàíñòâåííîì
èçìåðåíèè äëÿ âûõîäíûõ êàðò ïðèçíàêîâ.
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U-Net - âòîðàÿ ÷àñòü

Âòîðàÿ ÷àñòü ñîñòîèò èç ïîñëåäîâàòåëüíîñòè ñëîåâ
ïîâûøàþùåé äèñêðåòèçàöèè (upsampling),
êîíêàòåíàöèè ñîîòâåòñòâóþùåé êàðòû ïðèçíàêîâ,
êîòîðàÿ íåîáõîäèìà èç-çà ïîòåðè ãðàíèö ïèêñåëåé
ïîñëå êàæäîé ñâåðòêè.

Âî âòîðîé ÷àñòè ñåòè ðàçðåøåíèå
ñóáäèñêðåòèçèðîâàííûõ èçîáðàæåíèé óâåëè÷èâàåòñÿ
äî äîñòèæåíèÿ ïîñëåäíåãî ñëîÿ, ãäå âûõîäíûå êàðòû
ïðèçíàêîâ ñîîòâåòñòâóþò êîíêðåòíûì êëàññàì
ñåãìåíòèðóåìûõ îáúåêòîâ.

Êàê è FCN, ïðèçíàêè âûñîêîãî ðàçðåøåíèÿ èç ïóòè
ñæàòèÿ îáúåäèíÿþòñÿ ñ upsampled âûõîäîì, êîòîðûé
çàòåì ïîäàåòñÿ íà ðÿä ñâåðòî÷íûõ ñëîåâ.
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U-Net - åùå

Âàæíî: âûõîäíûå êàðòû ïðèçíàêîâ â U-Net èìåþò

ìåíüøèå ðàçìåðû ïî ñðàâíåíèþ ñ ðàçìåðàìè âõîäíûõ

èçîáðàæåíèé. Íàïðèìåð, âõîäíîå èçîáðàæåíèå ñ

ïðîñòðàíñòâåííûìè ðàçìåðàìè 572õ572 ïðîèçâåäåò

âûõîäíûå êàðòû ïðèçíàêîâ ñ ïðîñòðàíñòâåííûìè

ðàçìåðàìè 388õ388.

Êàê âûïîëíÿåòñÿ ïîïèêñåëüíîå ñðàâíåíèå êëàññîâ äëÿ

âû÷èñëåíèÿ ôóíêöèè ïîòåðü? Èäåÿ ïðîñòà:

ñåãìåíòèðîâàííûå âûõîäíûå êàðòû ïðèçíàêîâ

ñðàâíèâàþòñÿ ñ öåëåâûì ñåãìåíòèðîâàííûì èçîáðàæåíèåì

ñ ðàçìåðîì ôðàãìåíòà 388õ388, èçâëå÷åííûì èç öåíòðà

âõîäíîãî èçîáðàæåíèÿ.
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U-Net - åùå

Îñíîâíàÿ ìûñëü çàêëþ÷àåòñÿ â òîì, ÷òî ïðè íàëè÷èè

èçîáðàæåíèé ñ áîëåå âûñîêèì ðàçðåøåíèåì, ñêàæåì,

1024õ1024, ìîæíî ñîçäàòü èç íåãî ìíîæåñòâî ñëó÷àéíûõ

èçîáðàæåíèé ñ ïðîñòðàíñòâåííûìè ðàçìåðàìè 572õ572

äëÿ öåëåé îáó÷åíèÿ.

Öåëåâûå èçîáðàæåíèÿ òàêæå ñîçäàþòñÿ èç ýòèõ

âñïîìîãàòåëüíûõ èçîáðàæåíèé ðàçìåðîì 572õ572 ïóòåì

èçâëå÷åíèÿ öåíòðàëüíîãî ôðàãìåíòà ðàçìåðîì 388õ388 è

ñíàáæåíèÿ êàæäîãî åãî ïèêñåëÿ ìåòêîé ñîîòâåòñòâóþùåãî

êëàññà.

Ýòî ïîçâîëÿåò òðåíèðîâàòü ñåòü íà çíà÷èòåëüíûõ îáúåìàõ

äàííûõ, äàæå åñëè äëÿ îáó÷åíèÿ äîñòóïíî íå òàê óæ ìíîãî

èçîáðàæåíèé.
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U-Net - ïëþñû

Èñïîëüçóÿ âñåãî ëèøü íåáîëüøîå êîëè÷åñòâî
àííîòèðîâàííûõ ñåãìåíòèðîâàííûõ èçîáðàæåíèé,
ìîæíî ãåíåðèðîâàòü çíà÷èòåëüíûå îáúåìû äàííûõ.

Õîðîøî ñïðàâëÿåòñÿ ñ ñåãìåíòàöèåé èçîáðàæåíèé
äàæå ïðè íàëè÷èè ñîïðèêàñàþùèõñÿ îáúåêòîâ îäíîãî
êëàññà, êîòîðûå äîëæíû áûòü ðàçäåëåíû. Ýòî
äåëàåòñÿ çà ñ÷åò ââåäåíèÿ áîëüøèõ âåñîâ
íåïðàâèëüíîé êëàññèôèêàöèè ïèêñåëåé âáëèçè ãðàíèö
ñîïðèêàñàþùèõñÿ ñåãìåíòîâ
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FC-DenseNet
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FC-DenseNet

FC DenseNet èëè 100 Layers Tiramisu - ýòî ìåòîä
ñåãìåíòàöèè, îñíîâàííûé íà àðõèòåêòóðå DenseNet

DenseNet îñíîâàí íà òîì, ÷òî �ïåðåìû÷êè� ñ ðàííèõ
óðîâíåé óñòàíàâëèâàþòñÿ íà ïîçäíèå óðîâíè è âñå
ñëîè ñâÿçàíû äðóã ñ äðóãîì

Êàæäûé ñëîé ïåðåäàåò ñâîè êàðòû ïðèçíàêîâ âñåì
ïîñëåäóþùèì ñëîÿì

Åñëè ResNet èñïîëüçóåò ïîýëåìåíòíîå ñóììèðîâàíèå
äëÿ îáúåäèíåíèÿ ïðèçíàêîâ, òî DenseNets -
êîíêàòåíàöèþ

Êàæäûé óðîâåíü ïîëó÷àåò ñîâîêóïíûé íàáîð �çíàíèé�
îò âñåõ ïðåäûäóùèõ óðîâíåé
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DeepLab

DeepLab v1 îñíîâàí íà äâóõ èäåÿõ: Atrous Convolution
è ïîëíîñâÿçàííîå óñëîâíîå ñëó÷àéíîå ïîëå (FC CRF)
Atrous convolution ñ ôðàíöóçñêîãî �à trous� - äûðà
(hole), òàêæå íàçûâåòñÿ �ðàñøèðÿþùàÿñÿ (dilated)
ñâåðòêà�
�Ðàñøèðÿþùàÿñÿ (dilated) ñâåðòêà� - ýòî ñòàíäàðòíàÿ
ñâåðòêà, ÷åðåç êîòîðóþ ïðîïóñêàåòñÿ íåêîòîðîå ÷èñëî
ïèêñåëåé â äâóõ èçìåðåíèÿõ
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DeepLab

FC CRF is applied to re�ne the segmentation result
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DeepLab

Âìåñòî òèïîâîãî ïóëèíãà DeepLab èñïîëüçóåò
ðàñøèðåííûå ñëîè äëÿ ðåøåíèÿ ïðîáëåìû
áàëàíñèðîâêè

Êîíòðîëèðóÿ ïîëå çðåíèÿ â dilated ñâåðòêàõ, ìîæíî
íàéòè ëó÷øèé êîìïðîìèññ ìåæäó òî÷íîé
ëîêàëèçàöèåé (ìàëîå ïîëå çðåíèÿ) è àññèìèëÿöèåé
êîíòåêñòà (áîëüøîå ïîëå çðåíèÿ)
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Fast FCN

ASPP - atrous spatial pyramid pooling; PSP - pyramid scene
parsing network
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PSP - pyramid scene parsing network
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Ïðèìåð �atrous convolution�
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Fast FCN

Ïðèíöèï ðàñøèðåííîé ñâåðòêè áûë çàìåíåí ñîâìåñòíûì

ïèðàìèäàëüíûì upsampling (JPU)

Ðàçëè÷èÿ ìåæäó Fast FCN è DilatedFCN çàêëþ÷àþòñÿ â

ïîñëåäíèõ äâóõ ñòàäèÿõ ñâåðòêè

Êàê ïðàâèëî, êàðòà âõîäíûõ îáúåêòîâ ñíà÷àëà

îáðàáàòûâàåòñÿ îáû÷íîé ñâåðòêîé, à çàòåì ñåðèåé

ðàñøèðåííûõ ñâåðòîê.

Fast FCN êîíöåïòóàëüíî îáðàáàòûâàåò âõîäíóþ êàðòó

ïðèçíàêîâ ñâåðòêîé, à çàòåì èñïîëüçóåò íåñêîëüêî ñâåðòîê

äëÿ ãåíåðàöèè âûõîäíûõ äàííûõ

Ýòî ñíèæàåò âû÷èñëèòåëüíóþ ñëîæíîñòü ïî ñðàâíåíèþ ñ

DilatedFCN

JPU ñîçäàí, ÷òîáû óïðîñòèòü ïðîöåññ îïòèìèçàöèè.
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Fast FCN - àðõèòåêòóðà JPU
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Fast FCN - àðõèòåêòóðà JPU

Êàæäàÿ êàðòà ïðèçíàêîâ ïðîõîäèò ÷åðåç îáû÷íûé
ñâåðòî÷íûé áëîê

Çàòåì êàðòû ïðèçíàêîâ ïîäâåðãàþòñÿ äèñêðåòèçàöèè
è êîíêàòåíàöèè, êîòîðûå çàòåì ïðîõîäÿò ÷åðåç ÷åòûðå
ñâåðòêè ñ ðàçëè÷íûìè ñòåïåíÿìè ðàñøèðåíèÿ

Ðåçóëüòàòû ñâåðòêè ñíîâà îáúåäèíÿþòñÿ è ïðîõîäÿò
÷åðåç ñëîé îêîí÷àòåëüíîé ñâåðòêè

Ãäå ASPP èñïîëüçóåò òîëüêî èíôîðìàöèþ èç
ïîñëåäíåé êàðòû ïðèçíàêîâ, JPU èçâëåêàåò
èíôîðìàöèþ î âñåì êîíòåêñòå èç êàðò
ìíîãîóðîâíåâûõ îáúåêòîâ, ÷òî ïðèâîäèò ê ïîâûøåíèþ
ïðîèçâîäèòåëüíîñòè
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Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ ñ îáðàòíûì

âíèìàíèåì

Qin Huang, et al. Semantic Segmentation with Reverse Attention.

arXiv:1707.06426, 2017.

Ìàòåðèàëû òàêæå: https://medium.com/@WellWritten. Oct 28, 2022

Ïðîáëåìû: èç-çà âèçóàëüíîãî ñõîäñòâà êëàññû
îáëàäàþò îáùèìè âûñîêîóðîâíåâûìè ïðèçíàêàìè,
÷òî ìîæåò ïðèâåñòè ê ñìåøèâàíèþ êëàññîâ.
Íàïðèìåð, ôîí ìîæåò ñëèâàòüñÿ ñ îáúåêòîì,
ïîñêîëüêó îíè èìåþò ñõîæóþ ñèëó íåéðîííóþ
àêòèâàöèè íà ó÷àñòêàõ, ãäå ôîí è îáúåêò �ñìåøàíû�.
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Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ ñ îáðàòíûì

âíèìàíèåì

Ñåòü ñ îáðàòíûì âíèìàíèåì îáó÷àåòñÿ íå òîëüêî
ðàñïîçíàâàòü ôîíîâûé êëàññ, íî è äèôôåðåíöèðîâàòü
ðàçëè÷íûå îáúåêòû, íàõîäÿùèåñÿ íà èçîáðàæåíèè.

RAN (reverse attention network, ñåòü îáðàòíîãî
âíèìàíèÿ).

Â RAN åñòü äâå âåòâè (îäíà êðàñíîé ïóíêòèðíîé
ëèíèåé, äðóãàÿ - ñèíåé), ïðåäíàçíà÷åííûå äëÿ
èçó÷åíèÿ ïðèçíàêîâ ôîíà è ïðèçíàêîâ îáúåêòà.
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Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ ñ îáðàòíûì

âíèìàíèåì
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Ñåìàíòè÷åñêàÿ ñåãìåíòàöèÿ ñ îáðàòíûì

âíèìàíèåì

Çà äàëüíåéøåå âûäåëåíèå èíôîðìàöèè, ïîëó÷åííîé
ìîäåëüþ îò êëàññà object, îòâå÷àåò ñòðóêòóðà
îáðàòíîãî âíèìàíèÿ. Îíà ãåíåðèðóåò ìàñêè äëÿ
êàæäîãî êëàññà, ÷òîáû óñèëèòü àêòèâàöèè êëàññà
object â ñìåøàííîé îáëàñòè.

Â çàâåðøåíèå ïðîãíîçû îáúåäèíÿþòñÿ äëÿ ïîëó÷åíèÿ
îêîí÷àòåëüíîãî ïðîãíîçà.
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Ñåòü îáðàòíîãî âíèìàíèÿ (RAN)
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Ñåòü îáðàòíîãî âíèìàíèÿ (RAN)

Ïîñëå ïîëó÷åíèÿ âõîäíîãî èçîáðàæåíèÿ ïðîöåññ
ìîæíî ðàçáèòü íà íåñêîëüêî ýòàïîâ.

Ñîçäàåòñÿ êàðòà ïðèçíàêîâ ñ èñïîëüçîâàíèåì

âûáðàííîé àðõèòåêòóðû ìîäåëè (îáû÷íî ResNet-101

èëè VGG16, íî âîçìîæíû è äðóãèå âàðèàöèè) äëÿ

èçó÷åíèÿ ïðèçíàêîâ îáúåêòà.

Çàòåì êàðòà ðàçäåëÿåòñÿ íà äâå âåòâè.
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Îáðàòíàÿ âåòâü (RB)

Ñíà÷àëà îáó÷àåòñÿ ñëîé CONV_rev, âûäåëåííûé æåëòûì

öâåòîì, äëÿ ÿâíîãî èçó÷åíèÿ �êëàññà reverse object� � ýòî

îáðàòíûå ýòàëîííûå äàííûå äëÿ êëàññà object.

×òîáû ïîëó÷èòü êëàññ reverse object, ôîí è äðóãèå êëàññû

óñòàíàâëèâàþòñÿ íà 1, à êëàññ object - íà 0.
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Îáðàòíàÿ âåòâü (RB)

Îäíàêî, êîãäà íåîáõîäèìî ðåøèòü ïðîáëåìó
ìíîãîêëàññîâîé ñåãìåíòàöèè, îáû÷íî èñïîëüçóåòñÿ
àëüòåðíàòèâíûé ñïîñîá, ïðè êîòîðîì ïåðåä ïîäà÷åé â
êëàññèôèêàòîð, îñíîâàííûé íà ôóíêöèè softmax, ìåíÿåòñÿ
çíàê âñåõ àêòèâàöèé ïî êëàññàì (áëîê NEG). Ýòîò ïîäõîä
ïîçâîëÿåò îáó÷èòü ñëîé CONV_rev, èñïîëüçóÿ òó æå
ñàìóþ ìåòêó ïî êëàññàì �ground-truth�.
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Âåòâü îáðàòíîãî âíèìàíèÿ (RAB)

Âìåñòî òîãî ÷òîáû íàïðÿìóþ ïðèìåíÿòü ïîýëåìåíòíîå
âû÷èòàíèå ê èñõîäíîìó ïðîãíîçó ïóòåì àêòèâàöèé
îáðàòíîé âåòâè (÷òî ñíèæàåò ïðîèçâîäèòåëüíîñòü),
ïðåäëàãàåòñÿ èñïîëüçîâàòü âåòâü îáðàòíîãî âíèìàíèÿ
äëÿ âûäåëåíèÿ îáëàñòåé, ïðîïóùåííûõ èñõîäíûì
ïðîãíîçîì (âêëþ÷àÿ ñìåøàííûå è ôîíîâûå îáëàñòè).

Âûâîä îáðàòíîãî âíèìàíèÿ ãåíåðèðóåò ìàñêó,
îðèåíòèðîâàííóþ íà êëàññ, ÷òîáû óñèëèòü êàðòó
îáðàòíîé àêòèâàöèè.
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Âåòâü îáðàòíîãî âíèìàíèÿ (RAB)
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Âåòâü îáðàòíîãî âíèìàíèÿ (RAB)

Èñõîäíàÿ êàðòà ïðèçíàêîâ âõîäíîãî èçîáðàæåíèÿ
ïîäàåòñÿ â ñëîé CONV_org.

Çàòåì çíà÷åíèÿ ïèêñåëåé ïîëó÷åííîé êàðòû ïðèçíàêîâ
ïåðåâîðà÷èâàþòñÿ (�ip the sign of the pixel value)
áëîêîì NEG.

Ïîòîì ïðèìåíÿåòñÿ ñèãìîèäíàÿ ôóíêöèÿ äëÿ
ïðåîáðàçîâàíèÿ çíà÷åíèé ïèêñåëåé â äèàïàçîíå [0,1].

Êàðòà ïðèçíàêîâ ïîäàåòñÿ íà êàðòó âíèìàíèÿ, ãäå
ïðèìåíÿåòñÿ ìàñêà âíèìàíèÿ.

Çíà÷åíèÿ ïèêñåëåéâ îáðàòíîé êàðòå âíèìàíèÿ ðàâíî

Ira(i , j) = Sigmoid(−FCONVorg (i , j))

ãäå i , j - ðàñïîëîæåíèå ïèêñåëåé, FCONVorg - êàðòà
ïðèçíàêîâ.
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Ñåòü îáðàòíîãî âíèìàíèÿ (RAN)

Ò.î. îáëàñòü ñ ìàëîé èëè îòðèöàòåëüíîé ðåàêöèåé
áóäåò âûäåëåíà ñ ïîìîùüþ NEG è ñèãìîèäíîé
îïåðàöèè, íî îáëàñòè ñ ïîëîæèòåëüíîé àêòèâàöèåé
(èëè îöåíêàìè óâåðåííîñòè) áóäóò ïîäàâëÿòüñÿ â
îáðàòíîé âåòâè âíèìàíèÿ.
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Îáúåäèíåíèå ðåçóëüòàòîâ

Çàòåì êàðòà èç âåòâè îáðàòíîãî âíèìàíèÿ (Reverse
Attention Branch) ïîýëåìåíòíî ïåðåìíîæàåòñÿ ñ
êàðòîé èç îáðàòíîé âåòâè (Reverse Branch).

Ïîëó÷åííàÿ êàðòà âû÷èòàåòñÿ èç èñõîäíîãî ïðîãíîçà
äëÿ ïîëó÷åíèÿ îêîí÷àòåëüíîãî ïðîãíîçà.
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Îáó÷åíèå (1)

Äëÿ îáó÷åíèÿ RAN îñóùåñòâëÿåòñÿ îáðàòíîå
ðàñïðîñòðàíåíèå ñôóíêöèåé ïîòåðü - êðîññ-ýíòðîïèåé
íà òðåõ âåòâÿõ îäíîâðåìåííî.

Èñïîëüçóþòñÿ softmax-êëàññèôèêàòîðû íà òðåõ
âûõîäàõ ïðåäñêàçàíèÿ.

Ñî âñåìè òðåìÿ ïîòåðÿìè íåîáõîäèìî ñ÷èòàòüñÿ äëÿ
îáåñïå÷åíèÿ ñáàëàíñèðîâàííîãî ñêâîçíîãî ïðîöåññà
îáó÷åíèÿ.
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Îáó÷åíèå (2)

Ïîòåðÿ îðèãèíàëüíîãî ïðåäñêàçàíè è ïîòåðÿ
îáðàòíîãîïðåäñêàçàíè ïîçâîëÿþò CONVorg è CONVrev
ïàðàëëåëüíî îáó÷àòü öåëåâûå êëàññû è èõ îáðàòíûå
êëàññû. Êðîìå òîãî, ïîòåðÿ êîìáèíèðîâàííîãî ïðîãíîçà
ïîçâîëÿåò ñåòè îáó÷àòü îáðàòíîå âíèìàíèå.
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Îöåíêà êà÷åñòâà ñåãìåíòàöèè

https://www.jeremyjordan.me/evaluating-image-segmentation-models/
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Îöåíêà êà÷åñòâà ñåãìåíòàöèè - Pixel Accuracy

Pixel Accuracy - ïðîöåíò ïèêñåëåé â èçîáðàæåíèè,
êîòîðûå áûëè ïðàâèëüíî êëàññèôèöèðîâàíû

Pixel Accuracy âû÷èñëÿåòñÿ äëÿ êàæäîãî êëàññà
îòäåëüíî, à òàêæå äëÿ âñåõ êëàññîâ â öåëîì

TP: ïèêñåëü ïðàâèëüíî êëàññèôèöèðîâàí êàê X

FP: ïèêñåëü íå ïðàâèëüíî êëàññèôèöèðîâàí êàê X

TN: ïèêñåëü ïðàâèëüíî êëàññèôèöèðîâàí êàê íå X

FN: ïèêñåëü íå ïðàâèëüíî êëàññèôèöèðîâàí êàê X

accuracy =
TP + TN

TP + TN + FP + FN
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Pixel Accuracy - ïðèìåð

accuracy =
TP + TN

TP + TN + FP + FN
=

3 + 4

3 + 4 + 0 + 2
=

7

9
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Pixel Accuracy - íåäîñòàòîê

Ïòèöû - positive êëàññ è Íåáî - negative êëàññ. TN (Íåáî) -
âûñîêèé -> Pixel Accuracy - âûñîêàÿ.

accuracy = lim
TN→∞

TP + TN

TP + TN + FP + FN
→ 1
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Îöåíêà êà÷åñòâà ñåãìåíòàöèè - IoU

Intersection over Union (IoU) = Jaccard index

IoU =
target ∩ prediction

target ∪ prediction

IoU èçìåðÿåò êîëè÷åñòâî ïèêñåëåé, îáùèõ äëÿ öåëåâîé
ìàñêè è ìàñêè ïîñëå ñåãìåíòàöèè, äåëåííîå íà îáùåå
êîëè÷åñòâî ïèêñåëåé, ïðèñóòñòâóþùèõ â îáåèõ ìàñêàõ

IoU âÿ÷èñëÿåòñÿ äëÿ êàæäîãî êëàññà â îòäåëüíîñòè, à
çàòåì óñðåäíÿåòñÿ ïî âñåì êëàññàì, ÷òîáû ïîëó÷èòü
ãëîáàëüíûé ñðåäíèé ïîêàçàòåëü IoU
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Îöåíêà êà÷åñòâà ñåãìåíòàöèè - ïðèìåð

https://www.jeremyjordan.me/evaluating-image-segmentation-models/
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Îöåíêà êà÷åñòâà ñåãìåíòàöèè - Dice

Dice - ïîêàçàòåëü ïåðåêðûòèÿ

Èñïîëüçóåòñÿ áîëüøå ïðè îïðåäåëåíèè ôóíêöèè
ïîòåðü

Dice = 2
# {target ∩ prediction}
#target +#prediction

# {target ∩ prediction} çàìåíÿþò ïîýëåìåíòíûì
óìíîæåíèåì ñåãìåíòàöèîííîé è öåëåâîé ìàñîê, à
çàòåì ñóììèðóþò ïîëó÷åííóþ ìàòðèöó
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Dice index
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Âîïðîñû

?
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