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Çà îñòàííi êiëüêà ðîêiâ çíà÷íîãî óñïiõó áóëî äîñÿãíóòî ó ñôåði ãëèáîêîãî íàâ÷àííÿ
íåéðîííèõ ìåðåæ äëÿ øèðîêîãî ñïåêòðà òàêèõ çàäà÷ êîìï'þòåðíîãî áà÷åííÿ � êëàñè-
ôiêàöiÿ, ñåãìåíòàöi¨, ëîêàëiçàöiÿ òîùî. Ïðîòå ïîáóäîâàíi ìîäåëi äîñÿãàþòü âèñîêèõ
ïîêàçíèêiâ òî÷íîñòi ëèøå â ïåâíié îáìåæåíié îáëàñòi äàíèõ, ùî îïèñóþòüñÿ ìíîæèíîþ
òðåíóâàëüíèõ äàíèõ. Iñíó¹ áàãàòî âiäêðèòèõ íàáîðiâ äàíèõ (PASCAL VOC, Ima-
geNet, COCO òîùî) äëÿ ðiçíîìàíiòíèõ çàäà÷ êîìï'þòåðíîãî áà÷åííÿ. Õî÷à öi íàáîðè
äàíèõ îõîïèëè øèðîêèé ñïåêòð êàòåãîðié îá'¹êòiâ, iñíó¹ âñå ùå çíà÷íà êiëüêiñòü
îá'¹êòiâ, ÿêi íå âõîäÿòü â òàêi ìíîæèíè. Ñòâîðåííÿ íîâîãî íàáîðó äàíèõ äîñòàòíüî
òðóäîìiñòêèé ïðîöåñ (îñîáëèâî äëÿ çàäà÷i ñåãìåíòàöi¨ çîáðàæåíü) i, ó ïiäñóìêó,
íå çàâæäè ïðèéíÿòíèé ó áàãàòüîõ áiçíåñ-ìîäåëÿõ ç îãëÿäó íà ôiíàíñîâi çàòðàòè.
Ðîçãëÿíóòî òåõíîëîãi¨ ïîáóäîâè íåéðîííèõ ìåðåæ äëÿ çàâäàííÿ ñåãìåíòàöi¨ çîáðàæåíü
ç âèêîðèñòàííÿì ìàëî¨ êiëüêîñòi ïðîàíîòîâàíèõ äàíèõ; ïîáóäîâàíî àðõiòåêòóðó çãîðò-
êîâî¨ íåéðîííî¨ ìåðåæi íà áàçi àðõiòåêòóðè VGG-16 ç âèêîðèñòàííÿì ôðåéìâîðêó Ten-
sor�ow 2 òà íàòðåíîâàíî íà íàáîði äàíèõ FSS-1000. Ãîëîâíà iäåÿ àðõiòåêòóðè ïîëÿãà¹
ó âèêîðèñòàííi ìíîæèíè ïiäòðèìêè ÿê äîäàòêîâèõ âõiäíèõ äàíèõ. Òàêà ìíîæèíà
ìiñòèòü äåêiëüêà (ó öié ïðàöi 5) çîáðàæåíü ç âiäïîâiäíèìè ìàñêàìè ñåãìåíòàöi¨.
Íàòðåíîâàíà ìîäåëü âèêîðèñòîâó¹ öþ ìíîæèíó ÿê �ïðèêëàäè ïðàâèëüíî¨ ñåãìåíòàöi¨�.
Íàáið äàíèõ áóëî ðîçäiëåíî íà äâi ìíîæèíè, ùî íå ïåðåòèíàþòüñÿ â ñåíñi êàòåãîðié
çîáðàæåíü. Çàïðîïîíîâàíà àðõiòåêòóðà, ùî òðåíóâàëàñü íà 800 êàòåãîðiÿõ, äîñÿãà¹
83.55% òî÷íîñòi íà iíøèõ 200 êàòåãîðiÿõ çîáðàæåíü, ùî ðàíiøå íå òðàïëÿëèñü ó
ïðîöåñi òðåíóâàííÿ ìîäåëi. Îòðèìàíà ìîäåëü çäàòíà ñåãìåíòóâàòè äîâiëüíi çàäàíi
îá'¹êòè íà çîáðàæåííÿõ. Çàïðîïîíîâàíèé ïiäõiä ìîæíà âèêîðèñòîâóâàòè i äëÿ iíøèõ
çàäà÷ êîìï'þòåðíîãî áà÷åííÿ � êëàñèôiêàöi¨, ëîêàëiçàöi¨ îá'¹êòiâ i íàâiòü ãåíåðàöi¨
íîâèõ çîáðàæåíü.

Êëþ÷îâi ñëîâà: ìàøèííå íàâ÷àííÿ, íåéðîííi ìåðåæi.

1. Âñòóï

Ìåòîäè ìàøèííîãî íàâ÷àííÿ îòðèìàëè øèðîêå çàñòîñóâàííÿ ó ðiçíîìàíiòíèõ
ñôåðàõ ñó÷àñíîñòi çàâäÿêè ãíó÷êîñòi àëãîðèòìiâ i ìîæëèâîñòi àäàïòàöi¨ äî äîâiëü-
íèõ äàíèõ.

ßê ìåõàíiçì óçàãàëüíåíî¨ îáðîáêè äàíèõ, øèðîêîãî âèêîðèñòàííÿ íàáóëè íåéðîí-
íi ìåðåæi. Çíà÷íîãî ïðîãðåñó áóëî äîñÿãíóòî ó ðiçíîìàíiòíèõ ãàëóçÿõ êîìï'þòåð-
íîãî áà÷åííÿ (çàäà÷i êëàñèôiêàöi¨, ñåãìåíòàöi¨, ãåíåðàöi¨, àíîòàöi¨ çîáðàæåíü, ðîç-
ïiçíàâàííÿ îá'¹êòiâ, òåêñòó, æåñòiâ ðóê òîùî), îáðîáêè ïðèðîäíî¨ ìîâè (ðîçóìiííÿ
ìîâè, ãåíåðàöiÿ ìîâè, êîíâåðòàöiÿ ãîëîñó â öèôðîâèé òåêñò, îçâó÷åííÿ òåêñòó òîùî)
òà â iíøèõ ãàëóçÿõ ìàøèííîãî íàâ÷àííÿ. Ãëèáîêi íåéðîííi ìåðåæi ïîòðåáóþòü
ìàñøòàáíèõ íàáîðiâ äàíèõ äëÿ óíèêíåííÿ åôåêòó ïåðåíàâ÷àííÿ. Íåçâàæàþ÷è íà
âåëèêó êiëüêiñòü âiäêðèòèõ äàíèõ, äîñòóïíèõ äëÿ âèêîðèñòàííÿ, çíà÷íà êiëüêiñòü
çàäà÷ çàëèøà¹òüñÿ íåðîçâ'ÿçíîþ ÷åðåç áðàê äàíèõ.
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Çáið òà àíîòàöiÿ íîâîãî íàáîðó äàíèõ äëÿ óíiêàëüíî¨ çàäà÷i ïîòðåáó¹ çíà÷íî¨
êiëüêîñòi ëþäñüêî¨ ïðàöi. Îñîáëèâî áàãàòî ÷àñó íà àíîòàöiþ îäíîãî çîáðàæåííÿ
âèòðà÷à¹òüñÿ äëÿ ñòâîðåííÿ ìàñêè ñåãìåíòàöi¨. Â áàãàòüîõ âèïàäêàõ âèãîòîâëåííÿ
íîâîãî íàáîðó äàíèõ åêîíîìi÷íî íåâèãiäíî. Ç iíøîãî áîêó, iñíóþòü òàêi çàäà÷i, äëÿ
ÿêèõ çáið ìàñøòàáíèõ íàáîðiâ äàíèõ íåìîæëèâèé (íàïðèêëàä, çàäà÷à ïåðåäáà÷åí-
íÿ äèíàìiêè ðîçâèòêó æèâèõ îðãàíiçìiâ â óìîâàõ íåâàãîìîñòi òîùî). Âàðòî òàêîæ
âiäìiòèòè íèçêó ìåäè÷íèõ çàäà÷: â áiëüøîñòi êðà¨í äàíi ïàöi¹íòiâ êîíôiäåíöiéíi òà
íå ïiäëÿãàþòü îïðèëþäíåííþ, ùî çíà÷íî óñêëàäíþ¹ ðîçðîáêó ìîäåëåé ç âèêîðèñ-
òàííÿì ãëèáîêèõ íåéðîííèõ ìåðåæ ó ñôåði ìåäèöèíè. Âàðòî çàóâàæèòè, ùî çàäà÷à
ñåãìåíòàöi¨ çîáðàæåííÿ äóæå ïîïóëÿðíà äëÿ ìåäè÷íèõ çàäà÷ (ñåãìåíòàöiÿ óðàæåíî¨
îáëàñòi òêàíèíè òîùî).

Ç iíøîãî áîêó, áiëüøiñòü áiçíåñ ìîäåëåé ðîçãëÿäàþòü ïîñòiéíó àäàïòàöiþ ìîäå-
ëåé ìàøèííîãî íàâ÷àííÿ äî íîâèõ äàíèõ (íàïðèêëàä, ðîçïiçíàâàííÿ ïðîäóêòiâ ó
ñóïåðìàðêåòi). Ïåðåòðåíóâàííÿ êëàñè÷íèõ ìîäåëåé ìîæå çàéìàòè çíà÷íèé ÷àñ (äî
äåêiëüêîõ òèæíiâ ìàøèííîãî ÷àñó), íå ãîâîðÿ÷è âæå ïðî íåìîæëèâiñòü îíîâëåííÿ
íàáîðiâ äàíèõ çà êîðîòêèé ÷àñ.

Îáìåæåííÿ ó ðîçìiði íàáîðiâ òðåíóâàëüíèõ äàíèõ i çíà÷íà êiëüêiñòü ÷àñó íà
òðåíóâàííÿ ìîäåëåé ãëèáîêîãî íàâ÷àííÿ ïðèçâîäèòü äî íåîáõiäíîñòi ïîáóäîâè òàêî¨
àðõiòåêòóðè íåéðîííî¨ ìåðåæi, ÿêà iíâàðiàíòíà äî âõiäíèõ äàíèõ i ìîæå ïðàöþâàòè
ç äîâiëüíèìè, íàïåðåä íå çàäàíèìè îá'¹êòàìè.

2. Çàäà÷à ñåãìåíòàöi¨ çîáðàæåíü

Â îáëàñòi êîìï'þòåðíîãî áà÷åííÿ ñåãìåíòàöiÿ çîáðàæåíü � öå ïðîöåñ ïîäiëó
öèôðîâîãî çîáðàæåííÿ íà ìíîæèíó ñåãìåíòiâ (ìíîæèíè ïiêñåëiâ, ÿêi òàêîæ íàçèâà-
þòü îá'¹êòàìè íà çîáðàæåííi). Öiëü ñåãìåíòàöi¨ � ñïðîñòèòè i çìiíèòè ñåìàíòè÷íó
ðåïðåçåíòàöiþ çîáðàæåííÿ íà òàêó, ÿêà íåñå áiëüøå iíôîðìàöi¨ i ìîæå áóòè ëåãøå
îïðàöüîâàíà â ìàéáóòíüîìó. Ñåãìåíòàöiÿ îá'¹êòiâ çàçâè÷àé âèêîðèñòîâó¹òüñÿ äëÿ
ïîøóêó òà ëîêàëiçàöi¨ ðiçíîìàíiòíèõ îá'¹êòiâ íà çîáðàæåííi òà âèçíà÷åííÿ ¨õíiõ
êîíòóðiâ (ëiíié, êðèâèõ òîùî). Áiëüø òî÷íî, ñåãìåíòàöiÿ çîáðàæåííÿ � öå ïðîöåñ
ïðèçíà÷åííÿ ìiòîê êîæíîìó ïiêñåëþ çîáðàæåííÿ òàê, ùî ïiêñåëi ç îäíàêîâîþ ìiòêîþ
ìàþòü êîíêðåòíi ñïiëüíi õàðàêòåðèñòèêè. Ðîçðiçíÿþòü äâà òèïè ñåãìåíòàöi¨ çîáðà-
æåííÿ:

� ñåìàíòè÷íà ñåãìåíòàöiÿ (àíãë. semantic segmentation);
� ñåãìåíòàöiÿ åêçåìïëÿðiâ (àíãë. instance segmentation).

Ðåçóëüòàòîì ñåìàíòè÷íî¨ ñåãìåíòàöi¨ çàãàëîì ¹ ìiòêà êëàñó äëÿ êîæíîãî ïiêñåëÿ,
òîäi, ÿê ñåãìåíòàöiÿ åêçåìïëÿðiâ äà¹ çìîãó ç'ÿñóâàòè âiäíîøåííÿ ïiêñåëiâ äî òîãî ÷è
iíøîãî îá'¹êòà áåç ðîçóìiííÿ êàòåãîði¨ öüîãî îá'¹êòà. Iíøèìè ñëîâàìè, ñåìàíòè÷íà
ñåãìåíòàöiÿ íå ìîæå âiääiëèòè äâà àâòîìîáiëi, ÿêi ñòîÿòü ïîðó÷. Ñåãìåíòàöiÿ
åêçåìïëÿðà óñïiøíî âiäðiçíÿ¹ öi äâà îá'¹êòè, áåç ðîçóìiííÿ, ùî öå àâòîìîáiëi.
Íà ïðàêòèöi çàçâè÷àé âèêîðèñòîâóþòü ìîäåëi, ÿêi çäàòíi áóäóâàòè îäíî÷àñíî i
ñåìàíòè÷íó ñåãìåíòàöiþ, i ñåãìåíòàöiþ åêçåìïëÿðiâ.

Iñíó¹ áàãàòî àëãîðèòìiâ äëÿ ñåãìåíòàöi¨ çîáðàæåíü. Íàéïðîñòiøi àëãîðèòìè
 ðóíòóþòüñÿ íà àíàëiçi ÿñêðàâîñòi çîáðàæåííÿ � ïîðîãîâi îïåðàöi¨. Î÷åâèäíî, ùî
êîæíà êîíêðåòíà çàäà÷à ïîòðåáó¹ óíiêàëüíîãî àëãîðèòìó. Äî òîãî æ òàêi àëãîðèòìè
÷óòëèâi äî çîâíiøíiõ ÷èííèêiâ (íàïðèêëàä, ÿñêðàâiñòü çîáðàæåííÿ òîùî).

Ç íàéïðîñòiøèõ ñòàòèñòè÷íèõ ìåòîäiâ ÷àñòî âèêîðèñòîâóþòü K-Means êëàñòåðè-
çàöiþ, òðàêòóþ÷è êîæåí ïiêñåëü ÿê 3D òî÷êó (òðè ñêëàäîâi êîëüîðó â êîëüîðîâîìó
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ïðîñòîði RGB, HSV òîùî). Òàêèé àëãîðèòì çíà÷íî çàãàëüíiøèé, ïðîòå íå ¹
ïðèäàòíèì äëÿ ñåãìåíòàöi¨ ñêëàäíèõ îá'¹êòiâ � ëþäèíà, àâòîìîáiëü òîùî.

Äëÿ ñêëàäíèõ çàäà÷ ñåãìåíòàöi¨ çàçâè÷àé âèêîðèñòîâóþòü çãîðòêîâi íåéðîííi
ìåðåæi.

3. Êëàñè÷íi ïiäõîäè ìàøèííîãî íàâ÷àííÿ äëÿ çàäà÷i

ñåãìåíòàöi¨

Ìàøèííå íàâ÷àííÿ øèðîêî çàñòîñîâó¹òüñÿ ó ñôåði êîìï'þòåðíîãî áà÷åííÿ äëÿ
íèçêè çàäà÷ � êëàñèôiêàöiÿ, ñåãìåíòàöiÿ çîáðàæåíü, ïîøóê âiäîìèõ îá'¹êòiâ, ïîáó-
äîâà êàðò ãëèáèí òîùî. Ñó÷àñíi çîáðàæåííÿ ìiñòÿòü âåëèêó êiëüêiñòü iíôîðìàöi¨.
Íàïðèêëàä, êëàñè÷íèé íàáið äàíèõ MNIST [7] ìiñòèòü ÷îðíî-áiëi çîáðàæåííÿ ðîç-
ìiðîì 28×28 ïiêñåëiâ. À öå 784 áàéòè äàíèõ ëèøå íà îäèí ïðèêëàä. Ñó÷àñíi æ
çîáðàæåííÿ çàçâè÷àé ìàþòü ðîçøèðåííÿ íå ìåíøå FullHD (1920×1080). Âðàõîâó-
þ÷è òàêó êîëîñàëüíó êiëüêiñòü iíôîðìàöi¨ äëÿ îáðîáêè, íåîáõiäíî âèêîðèñòîâóâàòè
ãëèáîêi íåéðîííi ìåðåæi (àíãë. deep learning). Çàâäÿêè äåòàëüíîìó äîñëiäæåííþ
ïèòàííÿ çàñòîñóâàííÿ ìåòîäiâ ãðàäi¹íòíîãî ñïóñêó ðîçðîáëåíî àëãîðèòìè [25,31], ÿêi
óñïiøíî çàñòîñîâàíi äëÿ òðåíóâàííÿ ãëèáîêèõ íåéðîííèõ ìåðåæ. Òàêîæ çãîðòêîâi
íåéðîííi ìåðåæi äåìîíñòðóþòü âåëèêèé ïîòåíöiàë ó ñôåði êîìï'þòåðíîãî áà÷åííÿ
çàâäÿêè êîíöåïöi¨ îïåðàöi¨ çãîðòêè â îáðîáöi ïðîñòîðîâèõ ñèãíàëiâ [3�5, 30]. Îòîæ
íå äèâíî, ùî çãîðòêîâi íåéðîííi ìåðåæi øèðîêî çàñòîñîâóþòü äëÿ çàäà÷i ñåãìåíòàöi¨
çîáðàæåíü.

4. Ïðîáëåìà ìàñøòàáíèõ íàáîðiâ äàíèõ

Íàÿâíiñòü ìàñøòàáíèõ íàáîðiâ äàíèõ äà¹ çìîãó åêñïåðåìåíòóâàòè ç ãëèáîêèìè
íåéðîííèìè ìåðåæàìè. Íåçâàæàþ÷è íà çíà÷íó êiëüêiñòü êàòåãîðié ïðîàíîòîâàíèõ ó
òàêèõ íàáîðàõ äàíèõ ÿê PASCAL VOC [8] (19 740 çîáðàæåíü, 20 êëàñiâ), ILSVRC [26]
(1 281 167 çîáðàæåíü, 1000 êëàñiâ), COCO [17] (204 721 çîáðàæåíü, 80 êëàñiâ)
� çíà÷íà ÷àñòêà êàòåãîðié îá'¹êòiâ çàëèøà¹òüñÿ íåïðîàíîòîâàíîþ. Ãðóáà îöiíêà
êiëüêîñòi ðiçíîìàíiòíèõ îá'¹êòiâ íà çåìëi ïîòðàïëÿ¹ â ìåæi âiä 500 000 äî 700 000
êëàñiâ (âiäïîâiäíî äî çàãàëüíî¨ êiëüêîñòi iìåííèêiâ àíãëiéñüêî¨ ìîâè). Íàâåäåíi âèùå
âåëèêîìàñøòàáíi íàáîðè äàíèõ íå ïîêðèâàþòü i 1% çàãàëüíî¨ êiëüêîñòi óñiõ îá'¹êòiâ.
Äîäàâàííÿ íîâîãî êëàñó äî iñíóþ÷îãî íàáîðó äàíèõ ïîòðåáó¹ âåëèêî¨ êiëüêîñòi
ëþäñüêî¨ ïðàöi (îñîáëèâî äëÿ çàäà÷i ñåãìåíòàöi¨, äå êîæåí îá'¹êò òðåáà ïîêðèòè
ìàñêîþ äîâiëüíî¨ ôîðìè). Íàïðèêëàä, ñåðåäíÿ êiëüêiñòü çîáðàæåíü íà îäèí êëàñ
ó íàáîði äàíèõ ImageNet � 650. Âàðòî çàóâàæèòè, ùî íà îäíîìó çîáðàæåííi ìîæå
ìiñòèòèñü âiä îäíîãî äî äåêiëüêîõ ñîòåíü (i íàâiòü òèñÿ÷) ðiçíîìàíiòíèõ îá'¹êòiâ.

Ç iíøîãî áîêó, îêðiì íåîáõiäíîñòi àíîòàööi¨ âåëèêèõ îá'¹êòiâ äàíèõ, ïðèêëàäíå
çàñòîñóâàííÿ íåéðîííèõ ìåðåæ ó áiçíåñ ìîäåëÿõ ìà¹ é iíøó ïðîáëåìó � ïåðåòðå-
íîâóâàííÿ ìîäåëi. Êîæåí ðàç ïðè äîäàâàííi íîâîãî êëàñó â çàãàëüíîìó âèïàäêó
¹ íåîáõiäíiñòü ïåðåòðåíîâóâàòè ìîäåëü ç íóëÿ. Çâè÷àéíî, iñíóþòü òåõíiêè, ÿêi
ñïðîùóþòü ïðîöåñ ïåðåòðåíóâàííÿ, àëå â áóäü-ÿêîìó âèïàäêó öå ïîòðåáó¹ çàòðàòè
÷àñó òà îá÷èñëþâàëüíèõ ðåñóðñiâ.

5. Òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ

Òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ (àíãë. few shot learning) øèðîêî âiäîìi
äëÿ çàäà÷ êëàñèôiêàöi¨ çîáðàæåííÿ. Çàãàëîì òàêi òåõíiêè ïîäiëÿþòü íà òðè òèïè:
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� íà îñíîâi ìîäåëi;
� íà îñíîâi àëãîðèòìiâ îïòèìiçàöi¨;
� íà îñíîâi ìåòðèê.

Øèðîêî âiäîìà òåõíiêà òîíêîãî íàëàøòóâàííÿ ïîëÿãà¹ â òðåíóâàííi óæå íàïåðåä
íàòðåíîâàíî¨ ìåðåæi. Ïðèïóñòèìî, ùî ïîòðiáíî íàòðåíóâàòè ìåðåæó äëÿ ðîçïiç-
íàâàííÿ ìîäåëåé àâòîìîáiëåé. Ìîæíà âèêîðèñòàòè iñíóþ÷èé âåëèêîìàñøòàáíèé
íàáið äàíèõ (íàïðèêëàä, ImageNet). Îïiñëÿ, âèêîðèñòîâóþ÷è âàãè íàòðåíîâàíî¨
ìîäåëi ÿê ïî÷àòêîâi âàãè, îòðèìóþòü êðàùèé ðåçóëüòàò òðåíóâàííÿ i äîñÿãíóòî éîãî
áóäå ó êîðîòøèé ÷àñ. Òàêèé ïðîöåñ íàçèâà¹òüñÿ �ïåðåäà÷à çíàíü� (àíãë. transfer
learning). ßêùî æ çàôiêñóâàòè óñi âàãè ìåðåæi i òðåíóâàòè ëèøå äåêiëüêà îñòàííiõ
øàðiâ, òî ðåçóëüòàò áóäå äîñÿãíóòî ùå øâèäøå. Öåé ïðèéîì íàçèâàþòü �òî÷íèì
íàëàøòóâàííÿì� (àíãë. �ne-tuning).

Äåòàëüíå äîñëiäæåííÿ �òî÷íîãî íàëàøòóâàííÿ� ìîäåëåé ïðîâåäåíî ó [29], äå
äîâåäåíî, ùî âèêîðèñòàííÿ êîñèíóñíî¨ âiäñòàíi òà îáåðåæíîãî ïiäáîðó ãiïåðïàðà-
ìåòðiâ äà¹ çìîãó îòðèìóâàòè õîðîøi ðåçóëüòàòè. Ç âèêîðèñòàííÿì ìîäåëi Faster
RCNN [23] íà PASCAL VOC äîñÿãíóòî 57% mAP ïðè 10 ïðèêëàäàõ íà êëàñ.

MAML [10] (àíãë. model agnostic meta learning) ïðîïîíó¹ âèêîðèñòàííÿ äðóãî¨
ïîõiäíî¨ äëÿ òðåíóâàííÿ ìîäåëi äëÿ ðîçïiçíàâàííÿ áàãàòüîõ êëàñiâ îá'¹êòiâ îäíî÷àñ-
íî (îäíî÷àñíî äåêiëüêà êëàñiâ çà îäèí êðîê îïòèìiçàöi¨). Îòîæ, âàãè îòðèìàíî¨
ìîäåëi ëåãêî àäàïòóþòüñÿ íà ñóìiæíi çàâäàííÿ (êëàñè îá'¹êòiâ). Òàêà òåõíiêà
ìîæå áóòè çàñòîñîâàíà äî áóäü-ÿêî¨ ìîäåëi òà çàäà÷i, ÿêùî ìîäåëü òðåíó¹òüñÿ
ìåòîäàìè ãðàäi¹íòíîãî ñïóñêó. Íåîáõiäíiñòü âèêîðèñòàííÿ äðóãî¨ ïîõiäíî¨ óíåìîæ-
ëèâëþ¹ âèêîðèñòàííÿ òàêî¨ òåõíiêè äëÿ âåëèêèõ ìîäåëåé. FOMAML [12] àëãîðèòì
ðîçøèðþ¹ MAML àëãîðèòì, âèêîðèñòîâóþ÷è ëèøå ïåðøó ïîõiäíó. Òàê FOMAML
àëãîðèòì ïðèäàòíèé äëÿ çàñòîñóâàííÿ â çàäà÷i ñåãìåíòàöi¨ çîáðàæåíü.

Òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ íà îñíîâi ìåòðèê (àíãë. metric learn-
ing) íàéáiëüø ïîøèðåíèé ñïîñiá. Iñíó¹ áàãàòî ïiäõîäiâ äî êëàñèôiêàöi¨ çîáðàæåíü,
ÿêi âèêîðèñòîâóþòü äåñêðèïòîðè. ßê ç'ÿñîâàíî ó [14, 19], â ïðîöåñi òðåíóâàííÿ
áåðóòü ó÷àñòü îäíî÷àñíî òðè ïðèêëàäè çîáðàæåíü. Îäèí âèïàäêîâèé ïðèêëàä
ç íàáîðó äàíèõ A � ÿêið (àíãë. anchor), äîâiëüíå çîáðàæåííÿ òîãî æ êëàñó P
� ïîçèòèâíèé ïðèêëàä (àíãë. positive) i äîâiëüíèé ïðèêëàä iíøîãî êëàñó N �
íåãàòèâíèé ïðèêëàä (àíãë. negative).

A,P,N ∈ D,

äå D � íàáið äàíèõ.
Íåõàé ìîäåëü M ïðîäóêó¹ äåñêðèïòîð çîáðàæåííÿ d, (M(X) = Xd. Ó ïðîöåñi

òðåíóâàííÿ ìiíiìiçó¹òüñÿ ôóíêöiÿ âòðàò

max(||M(A)−M(P )||L − ||M(A)−M(N)||L + α, 0).

Òàê çáiëüøó¹òüñÿ âiäñòàíü ìiæ äåñêðèïòîðàìè çîáðàæåíü ðiçíèõ êëàñiâ i ìiíiìi-
çó¹òüñÿ âiäñòàíü äåñêðèïòîðiâ çîáðàæåíü îäíîãî êëàñó. Ñôîðìîâàíà áàçà äàíèõ
äåñêðèïòîðiâ äà¹ çìîãó êëàñèôiêóâàòè çîáðàæåííÿ ç âèêîðèñòàííÿì ëèøå éîãî
äåñêðèïòîðà. Âàæëèâèì ¹ òå, ùî áàçà äåñêðèïòîðiâ ìîæå ïîïîâíþâàòèñü íåçàëåæíî
âiä ìîäåëi.

ßê äåñêðèïòîð ìîæíà âèêîðèñòîâóâàòè ðiçíi ôóíêöi¨. Çàçâè÷àé âèêîðèñòîâóþòü
MAC [21], ãëîáàëüíå ñòÿãóâàííÿ (óñåðåäíåíå, ìàêñèìàëüíå). Ïîòóæíèé ïîòåíöiàë
äåìîíñòðó¹ äåñêðèïòîð óçàãàëüíåíîãî ïàðàìåòðè÷íîãî ñòÿãóâàííÿ GeM [19].
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Âèêîðèñòàííÿ çìiøàíèõ äåñêðèïòîðiâ ïîëiïøó¹ ðåçóëüòàòè ïîïåðåäíiõ äîñÿã-
íåíü. Êîìáiíàöiþ GeM, ñòÿãóâàííÿ, MAC îïðàöüîâàíî â [11].

6. Òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ äëÿ

çàâäàííÿ ïîøóêó òà ñåãìåíòàöi¨

Çàäà÷à ïîøóêó òà ñåãìåíòàöi¨ çîáðàæåíü çíà÷íî ñêëàäíiøà, îñêiëüêè, îêðiì
êëàñó, òðåáà ç'ÿñóâàòè ïðîñòîðîâå ïîëîæåííÿ îá'¹êòà. Ñâiòîâèé äîñâiä òåõíiê
íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ äëÿ çàäà÷i ïîøóêó îá'¹êòiâ òà ñåãìåíòàöi¨ çîá-
ðàæåíü íà ïîðÿäîê ìåíøèé ïîðiâíÿíî ç çàäà÷åþ êëàñèôiêàöi¨. Òåõíiêè, ÿêi çàñ-
òîñîâóþòü äî çàäà÷ êëàñèôiêàöi¨, íå ìîæíà áåçïîñåðåäíüî çàñòîñîâóâàòè äî çàäà÷
ñåãìåíòàöi¨, ïðîòå iäå¨ öèõ òåõíiê óñïiøíî ïåðåíîñÿòüñÿ íà çàäà÷i ñåãìåíòàöi¨.

Äëÿ çàäà÷i ñåãìåíòàöi¨ øèðîêî âèêîðèñòîâóþòü äâi ìíîæèíè âõiäíèõ äàíèõ �
ìíîæèíà çàïèòó (çîáðàæåííÿ äëÿ ñåãìåíòàöi¨) òà ìíîæèíà ïiäòðèìêè (ìíîæèíà
ïðîàíîòîâàíèõ çîáðàæåíü, ïðèêëàäè ïðàâèëüíî¨ ñåãìåíòàöi¨). Íàïðèêëàä, ìîäåëü
YOLOv2 [22] àäàïòîâàíà äëÿ òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ çàâäÿêè
ìîäóëþ ïåðåâàæóâàííÿ [6]. Ìíîæèíà ïiäòðèìêè ãåíåðó¹ âàãîâi êîåôiöi¹íòè, ÿêi â
ðåæèìi ðåàëüíî¨ ðîáîòè (íå òðåíóâàííÿ) ìîäèôiêóþòü âàãè ìåðåæi äëÿ àäàïòàöi¨
äî íîâîãî êëàñó îá'¹êòiâ. Îòæå, çìiíþþ÷è ëèøå ìíîæèíó ïiäòðèìêè (äî äåñÿòè
çîáðàæåíü ç âiäïîâiäíèìè àíîòàöiÿìè), ìîæíà àäàïòóâàòè ìîäåëü äî ðîçïiçíàâàííÿ
îá'¹êòiâ íîâèõ êàòåãîðié.

Iäåÿ ñiàìñüêèõ íåéðîííèõ ìåðåæ [20] ìîæå áóòè ïåðåíåñåíà íà ìîäåëü Faster
RCNN/RCCN Masker [23]. Ïiñëÿ ìîäóëÿ âèòÿãóâàííÿ îçíàê äåñêðèïòîðè çîáðàæåíü
(ÿêi îõîïëþþòü äàíi ïðî ïðîñòîðîâå ïîëîæåííÿ îá'¹êòiâ ìíîæèíè ïiäòðèìêè) çìi-
øóþòüñÿ i ðåøòà ìîäåëi, îïåðóþ÷è öèìè äàíèìè, ãåíåðó¹ âiäïîâiäíó ìàñêó îá'¹êòiâ
äëÿ çîáðàæåííÿ ç ìíîæèíè çàïèòó.

Ðèñ. 1. Íàáið äàíèõ FSS-1000

7. Íàáið äàíèõ fss-1000

FSS-1000 [32] � íàáið äàíèõ äëÿ òðåíóâàííÿ ìîäåëåé äëÿ çàäà÷i ñåãìåíòàöi¨.
Äàíi ìiñòÿòü 1000 ðiçíîìàíiòíèõ êàòåãîðié ïîâñÿêäåííèõ îá'¹êòiâ. Êëàñè îá'¹êòiâ
ìiæ ñîáîþ àáñîëþòíî íåçàëåæíi. Äàíi çáèðàëè ç âèêîðèñòàííÿì ðiçíèõ ïîøóêîâèõ
ñèñòåì (Google, Bing, Yahoo). Îñíîâíà iäåÿ öüîãî íàáîðó äàíèõ � íåìà¹ ïðèâ'ÿçêè äî
êîíêðåòíèõ îá'¹êòiâ i ðiâíîìiðíà ðiçíîìàíiòíiñòü äàíèõ. Íàïðèêëàä, ó íàáîði äàíèõ
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OpenImages ¹ äåêiëüêà äåñÿòêiâ êàòåãîðié ïîðiä ñîáàê, ùî áåçóìîâíî âiäîáðàæà¹òüñÿ
â ðåçóëüòóþ÷i ìîäåëi � ïîêðàùåíå âìiííÿ ðîçïiçíàâàòè ñîáàê i ñëàáêiñòü äî iíøèõ
îá'¹êòiâ. Äðóãèé àêöåíò FSS-1000 � ðiâíîìiðíèé ïîêëàñîâèé ðîçïîäië êiëüêîñòi
äàíèõ � íà êîæåí êëàñ ïðèïàäà¹ òî÷íî 10 çîáðàæåíü ç âiäïîâiäíèìè ìàñêàìè
ñåãìåíòàöié. Íà îäíîìó çîáðàæåíi ìiñòèòüñÿ ëèøå îäíà êàòåãîðiÿ îá'¹êòiâ. Àíîòàöi¨
ìiñòÿòü ëèøå ìàñêó îá'¹êòiâ áåç ðîçäiëåííÿ íà îêðåìi åêçåìïëÿðè. Óñi çîáðàæåííÿ
ñòèñíåíi äî ðîçìiðó 224×224 ïiêñåëiâ. Òi çîáðàæåííÿ, ÿêi â îðèãiíàëi ìàëè ñïiââiäíî-
øåííÿ ñòîðií ìåíøå 0,5 àáî áiëüøå 2, âiäêèíóëè. Òàêèé íàáið äàíèõ äóæå õîðîøèé
äëÿ òðåíóâàííÿ ìîäåëåé ç âèêîðèñòàííÿì òåõíiêè íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ.
Íà ðèñ. 1 çîáðàæåíî ïðèêëàäè çîáðàæåíü ç íàáîðó äàíèõ FSS-1000.

8. Çàïðîïîíîâàíà àðõiòåêòóðà ìåðåæi

Ìîäåëü ñêëàäà¹òüñÿ ç òðüîõ îñíîâíèõ áëîêiâ [2,32]. Áëîêîâà àðõiòåêòóðà ìîäåëi
çîáðàæåíà íà ðèñ. 1.

Ìîäóëü âèòÿãóâàííÿ îçíàê. Ìîäóëü âèòÿãóâàííÿ îçíàê âiäïîâiäà¹ çà ãåíåðó-
âàííÿ êàðòè îçíàê âõiäíîãî çîáðàæåííÿ. Êàðòà îçíàê âèêîðèñòîâó¹òüñÿ äëÿ ãåíå-
ðàöi¨ ðåçóëüòóþ÷î¨ ìàñêè ñåãìåíòàöi¨.

Ìîäóëü âiäíîøåííÿ. Öåé ìîäóëü âàæëèâèé â òåõíiöi íàâ÷àííÿ íà ìàëîìó
íàáîði äàíèõ. Òóò âiäáóâà¹òüñÿ îá'¹äíàííÿ ðåïðåçåíòàöié çîáðàæåíü äâîõ ìíîæèí
� çàïèòó òà ïiäòðèìêè.

Ìîäóëü ãåíåðóâàííÿ ìàñêè ñåãìåíòàöi¨. Öåé ìîäóëü íà âõîäi îòðèìó¹
îá'¹äíàíi ðåïðåçåíòàöi¨ ìíîæèíè çàïèòó i ìíîæèíè ïiäòðèìêè i íà âèõîäi âèäà¹
ðåçóëüòàò.

Íà ðèñ. 2 çîáðàæåíî ñõåìó àðõiòåêòóðè ìîäåëi. Àðõiòåêòóðà ðåàëiçîâàíà ç âèêî-
ðèñòàííÿì ôðåéìâîðêó TensorFlow 2 [1].

Ðèñ. 2. Àðõiòåêòóðà ìîäåëi. Ìîäåëü ñêëàäà¹òüñÿ ç êîäóâàëüíèêà (encoder), äåêîäóâàëüíèêà
(decoder) òà ìîäóëÿ âiäíîøåííÿ (relation module). Íà âõiä ìîäåëü îòðèìà¹ ìíîæèíó çàïèòó

(query) òà ïiäòðèìêè (support)

Çà îñíîâó ìîäóëÿ âèòÿãóâàííÿ îçíàê áóëî îáðàíó àðõiòåêòóðó VGG-16 çàïðîïî-
íîâàíó Ê.Ñiìîíàíîì i À.Öiñåðìàíîì [28]. VGG-16 � çãîðòêîâà íåéðîííà ìåðåæà,
ÿêà ïîëiïøó¹ àðõiòåêòóðó AlexNet [16], çàìiíÿþ÷è âåëèêi ÿäðà çãîðòêîâèõ øàðiâ
íà ìåíøi. Àðõiòåêòóðà ìîäåëi ñêëàäà¹òüñÿ çi çãîðòêîâèõ áëîêiâ � ãðóïè òðüîõ
çãîðòêîâèõ øàðiâ. Äåòàëüíèé îïèñ ìåðåæi íàâåäåíî ó òàáë. 1. Ïî÷àòêîâi âàãè áóëè
ñêîïiéîâàíi ç íàòðåíîâàíî¨ ìåðåæi VGG-16 íà íàáîði äàíèõ ImageNet [26], îñêiëüêè
äëÿ âèïàäêîâèõ ïîáóòîâèõ îá'¹êòiâ áiëüøiñòü ôiëüòðiâ ìîæíà óñïiøíî ïåðåâèêîðèñ-
òàòè.
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Òàáëèöÿ 1

Àðõiòåêòóðà VGG-16

# Òèï øàðó ßäðî Ôiëüòðè
1 Çãîðòêîâèé 3×3 64
2 Çãîðòêîâèé 3×3 64
3 Ñòÿãóâàííÿ 2×2 64
4 Çãîðòêîâèé 3×3 128
5 Çãîðòêîâèé 3×3 128
6 Ñòÿãóâàííÿ 3×3 128
7 Çãîðòêîâèé 3×3 256
8 Çãîðòêîâèé 3×3 256
9 Çãîðòêîâèé 3×3 256
10 Ñòÿãóâàííÿ 2×2 256
11 Çãîðòêîâèé 3×3 512
12 Çãîðòêîâèé 3×3 512
13 Çãîðòêîâèé 3×3 512
14 Ñòÿãóâàííÿ 2×2 512
15 Çãîðòêîâèé 3×3 512
16 Çãîðòêîâèé 3×3 512
17 Çãîðòêîâèé 3×3 512
18 Ñòÿãóâàííÿ 2×2 512

Åôåêòèâíà ðåïðåçåíòàöiÿ çîáðàæåííÿ áóäå âèêîðèñòîâóâàòèñü ÿê îñíîâà äëÿ
ãåíåðàöi¨ ìàñêè ñåãìåíòàöi¨. Ìîäóëü âiäíîøåííÿ ìà¹ ïî¹äíóâàòè êàðòè îçíàê
ìíîæèíè çàïèòó òà ïiäòðèìêè. Íà ïðàêòèöi ðåàëiçàöiÿ òàêîãî ìîäóëÿ íàéïðîñòiøà.
Íàãàäà¹ìî, ùî åôåêòèâíà ðåïðåçåíòàöiÿ çîáðàæåíü � öå ìíîæèíà ìàòðèöü (òåíçîð)
ðîçìiðó W · H · C, äå C � êiëüêiñòü êàíàëiâ. Îá'¹äíàííÿ äâîõ ðåïðåçåíòàöié
âiäáóâà¹òüñÿ øëÿõîì êîíêàòåíàöi¨ äâîõ òåíçîðiâ ïî ãëèáèíi C.

Àðõiòåêòóðà öüîãî ìîäóëÿ ðåàëiçîâàíà íà îñíîâi àðõiòåêòóðè VGG-16 â çâîðîò-
íîìó ïîðÿäêó: ïî÷èíàþ÷è âiä îñòàííüîãî øàðó äî ïåðøîãî. Øàðè ìàêñèìàëüíîãî
ñòÿãóâàííÿ çàìiíåíi íà îïåðàöiþ çáiëüøåííÿ ìàòðèöü ç âèêîðèñòàííÿì iíòåðïîëÿöi¨.
Âõiäíèìè äàíèìè ìîäóëÿ ãåíåðàöi¨ ¹ êîíêàòåíîâàíi êàðòè îçíàê ç ìîäóëÿ âiäíîøåí-
íÿ. Â ïðîöåñi òðåíóâàííÿ ñàìå öåé áëîê ìîäåëi âèÿâëÿ¹ âiäïîâiäíîñòi ìiæ äâîìà
êàðòàìè îçíàê ìíîæèíè çàïèòó òà ïiäòðèìêè.

Íàãàäà¹ìî, ùî äâîâèìiðíà çãîðòêà ç ÿäðîì m · n íàñïðàâäi âèêîðèñòîâó¹ ÿäðî
çãîðòêè íà îäíó ðîçìiðíiñòü áiëüøå: m · n · K, äå K � âõiäíà êiëüêiñòü ôiëüòðiâ
êàðòè îçíàê. Âðàõîâóþ÷è òîé ôàêò, ùî ìîäóëü âiäíîøåííÿ êîíêàòåíó¹ êàðòó îçíàê
ïî ãëèáèíi, ïîäàëüøi çãîðòêè óòâîðþþòü ëiíiéíi êîìáiíàöi¨ êàðòè îçíàê ìíîæèíè
çàïèòó òà ïiäòðèìêè, óñòàíîâëþþ÷è âiäïîâiäíiñòü. Êàðòà îçíàê ìíîæèíè çàïèòó
ìiñòèòü iíôîðìàöiþ ïðî ïðàâèëüíi ìàñêè ñåãìåíòàöié ïðèêëàäiâ îá'¹êòiâ. Ñàìå
öåé ôàêò i äîïîìàãà¹ ìîäåëi óñïiøíî ãåíåðóâàòè ìàñêè ñåãìåíòàöi¨ äëÿ ìíîæèíè
ïiäòðèìêè.

Â àðõiòåêòóðàõ çãîðòêîâèõ ìåðåæ çàçâè÷àé âèêîðèñòîâóþòü øàðè ñòÿãóâàííÿ
(íàïðèêëàä, ìàêñèìàëüíîãî ñòÿãóâàííÿ). Òàêi øàðè çíà÷íî¨ ìiðîþ çáiëüøóþòü
ðåöåïòèâíå ïîëå ìåðåæi, àëå, ç iíøîãî áîêó, çìåíøóþòü ÷óòëèâiñòü äî äåòàëåé. Òàêà
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õàðàêòåðèñòèêà íå äà¹ çìîãó ìîäóëþ ãåíåðàöi¨ çãåíåðóàòè òî÷íó ìàñêó ñåãìåíòàöi¨.
Ïðîòå ìè òî÷íî çíà¹ìî, ùî êàðòà îçíàê ìiñòèëà íàéäðiáíiøi äåòàëi íà ïåðøèõ
çãîðòêîâèõ øàðàõ. ßêùî ïåðåäàòè öi êàðòè ç ìîäóëÿ âèòÿãóâàííÿ êàðòè îçíàê â
ìîäóëü ãåíåðàöi¨ ìàñîê, òî òàê ìîæíà çíà÷íî çáiëüøèòè òî÷íiñòü ìîäåëi. Ïðîòå
ïåðåäàâàòè öi äàíi òðåáà îñîáëèâî ìiæ âiäïîâiäíèìè øàðàìè. Îñêiëüêè ìîäóëü
ãåíåðàöi¨ ñòâîðåíèé âiäïîâiäíî äî îáåðíåíîãî ìîäóëÿ ãåíåðàöi¨ îçíàê, òî ðåïðåçåí-
òàöi¨ ïåðøèõ øàðiâ ïîòðiáíî íàäiñëàòè îñòàííiì øàðàì ìîäóëÿ ãåíåðàöi¨ ìàñîê. Âiä-
ïîâiäíî, îçíàêè ç ñåðåäèíè ìîäóëÿ � äî ñåðåäèíè áëîêà ãåíåðàöi¨ òîùî.

Çàãàëîì â àðõiòåêòóði âèêîðèñòàíî ï'ÿòü òàêèõ ç'¹äíàíü øâèäêîãî äîñòóïó. Iäåÿ
ç'¹äíàíü øâèäêîãî äîñòóïó îòðèìàíà ç àðõiòåêòóðè ResNet [15] (Residual block) òà
U-Net [24].

9. Íàáið äàíèõ äëÿ òðåíóâàííÿ

Äëÿ òðåíóâàííÿ ìîäåëi âèêîðèñòàíî íàáið äàíèõ FSS-1000 [32]. Äàíi áóëî ðîçáèòî
íà äâi êàòåãîði¨ � òðåíóâàëüíi òà òåñòóâàëüíi äàíi â ïðîïîðöi¨ 80% òðåíóâàëüíî¨
âèáiðêè òà 20% òåñòóâàëüíî¨ âèáiðêè. Ðîçáèòòÿ âiäáóâàëîñü òàê, ùîá êàòåãîði¨, ÿêi
âèêîðèñòîâóþòü â ïðîöåñi òðåíóâàííÿ, íå âèêîðèñòîâóâàëèñü íà åòàïi òåñòóâàííÿ.
Çàãàëîì ó òðåíóâàëüíié âèáiðöi âèÿâèëîñü 800 êàòåãîðié, à â òåñòóâàëüíié � 200.
Êîæíó êàòåãîðiþ äëÿ îáîõ âèáiðîê áóëî ðîçäiëåíî íà äâi ìíîæèíè � ìíîæèíó
çàïèòó òà ìíîæèíó ïiäòðèìêè. Êiëüêiñòü çîáðàæåíü ó ìíîæèíi çàïèòó � 5; 5 iíøèõ
çîáðàæåíü âèêîðèñòóâàëè äëÿ òðåíóâàííÿ (àáî òåñòóâàííÿ, çàëåæíî âiä âèáiðêè).

Ç äîäàòêîâèõ äàíèõ âèêîðèñòîâóâàëàñü âèáiðêà ImageNet [26] äëÿ îòðèìàííÿ
íàòðåíîâàíèõ âàã ìîäóëÿ âèòÿãóâàííÿ îçíàê (VGG-16). Óñi iíøi øàðè íåéðîííî¨
ìåðåæi áóëî iíiöiàëiçîâàíî âèïàäêîâèìè ïî÷àòêîâèìè âàãàìè.

10. Ðåçóëüòàòè òà ìåòðèêè

Ó ïðîöåñi òðåíóâàííÿ ìè îïòèìiçó¹ìî ôóíêöiþ âòðàò. Çíà÷åííÿ ôóíêöi¨ âòðàò
íå ¹ àáñîëþòíèì ïîêàçíèêîì i íå ìîæå áóòè âèêîðèñòàíî äëÿ âèçíà÷åííÿ ÿêîñòi
íàòðåíîâàíî¨ ìîäåëi. Äëÿ öüîãî âèêîðèñòîâóþòü iíøi ìåòðèêè � òî÷íiñòü, ïîâíîòà,
F1-Score, IoU òîùî.

Óâåäåìî òàêi ïîçíà÷åííÿ:

� tp � êiëüêiñòü ïðàâèëüíî ðîçïiçíàíèõ ïiêñåëiâ íà ìíîæèíi ïiêñåëiâ îá'¹êòà;
� fp � êiëüêiñòü íåïðàâèëüíî ðîçïiçíàíèõ ïiêñåëiâ íà ìíîæèíi îá'¹êòà;
� tn � êiëüêiñòü ïðàâèëüíèõ ïiêñåëiâ íà ìíîæèíi ôîíó çîáðàæåííÿ;
� fn � êiëüêiñòü õèáíî ðîçïiçíàíèõ ïiêñåëiâ íà ìíîæèíi ôîíó.

Âèêîðèñòîâóþ÷è îïèñàíi âèùå ïîçíà÷åííÿ, âèçíà÷èìî òàêi ìåòðèêè:

1. Òî÷íiñòü

Precision = tp
tp+fp .

2. Ïîâíîòà

Recall = tp
tp+fn .

3. F1-Score

F1Score = 2 · Precision·Recall
Precision+Recall .

4. IoU

IoU = tp
tp+fp+fn .
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Òàáëèöÿ 2

Ðåçóëüòàòè åêñïåðèìåíòiâ

Ìåòðèêà Çíà÷åííÿ
Òî÷íiñòü 83,55%
Ïîâíîòà 81,49%
F1-Score 82,51%
IoU 68,73%

Òàáëèöÿ 3

Ïîðiâíÿííÿ ìåòðèê íà òåñòîâèõ êàòåãîðiÿõ íàáîðó äàíèõ FSS-1000

Àðõiòåêòóðà IoU ×àñ îáðîáêè
Adaptive relation network 80,12% 0.0338ñ

Çàïðîïîíîâàíà àðõiòåêòóðà 68.73% 0.0234c

Óñi âèìiðè áóëî ïðîâåäåíî íà òåñòóâàëüíié âèáiðöi, òîáòî íà êàòåãîðiÿõ îá'¹êòiâ,
ÿêi ¹ íåâiäîìèìè ìîäåëÿìè (òîáòî íå âèêîðèñòîâóâàëèñü äëÿ òðåíóâàííÿ). Ðîçìið
ìíîæèíè ïiäòðèìêè 5. Ðåçóëüòàòè îòðèìàíi â ïðîöåñi åêñïåðèìåíòiâ îïèñàíi â
òàáë. 2. Ïîðiâíÿííÿ çàïðîïîíîâàíî¨ àðõiòåêòóðè ç áàçîâèì ïiäõîäîì, îïèñàíèì
ó [32], íàâåäåíî ó òàáë. 3.

Íàòðåíîâàíà ìîäåëü çäàòíà ñåãìåíòóâàòè äîâiëüíi îá'¹êòè, çàäàíi ó ìíîæèíi
ïiäòðèìêè. Îòîæ, äëÿ äîäàâàííÿ íîâîãî êëàñó äëÿ ñåãìåíòàöi¨ äîñòàòíüî îòðèìàòè
àíîòàöi¨ ëèøå 5 çîáðàæåíü íîâîãî îá'¹êòà. Áiëüøå òîãî, òàêå äîäàâàííÿ íîâî¨
êàòåãîði¨ îá'¹êòiâ íå ïîòðåáó¹ ïåðåòðåíóâàííÿ ìîäåëi. Òîáòî, äîäàâàííÿ íîâî¨
êàòåãîði¨ ïîòðåáóâàòèìå ëèøå êiëüêîõ õâèëèí ëþäñüêîãî ÷àñó íà âiäìiííó âiä êiëü-
êîõ ìiñÿöiâ àíîòóâàííÿ âåëèêîìàñøòàáíèõ íàáîðiâ äàíèõ.

Íàâåäåíà àðõiòåêòóðà ìîäåëi ó öié ïðàöi ìiñòèòü äâà îáìåæåííÿ:

1. Ñåìàíòè÷íà ñåãìåíòàöiÿ.

Ìîäåëü çäàòíà ïðîêëàñèôiêóâàòè ïîïiêñåëüíî çîáðàæåííÿ, àëå íåìîæëèâî
òî÷íî âiäðiçíèòè äâà îêðåìèõ åêçåìïëÿðè (îñîáëèâî, êîëè âîíè äîòèêàþòüñÿ
îäèí äî îäíîãî).

2. Ñåãìåíòàöiÿ ëèøå îäíîãî êëàñó çà îäèí ïðîõiä.

Îñêiëüêè ìîäåëü ñåãìåíòó¹ îá'¹êò, çàçíà÷åíèé ó ìíîæèíi ïiäòðèìêè, òî çà îäèí
ïðîõiä ìîäåëi ìîæåìî îòðèìàòè ìàñêó ëèøå äëÿ îäíîãî êëàñó. Äëÿ ñåãìåíòàöi¨
iíøîãî êëàñó òðåáà ïðîâîäèòè ùå îäèí çàïóñê ìîäåëi.

Äëÿ ãåíåðàöié êàðòè îçíàê ïåðøèé ìîäóëü ìîäåëi âèêîðèñòîâó¹òüñÿ îäíàêîâîãî
äëÿ ìíîæèíè çàïèòó òà ïiäòðèìêè, òîáòî ¹ ñïiëüíèì. Åëåìåíòè ìíîæèíè ïiäòðèìêè
ìiñòÿòü ìàñêó àíîòàöi¨, à îòæå, óñi åëåìåíòè � ÷îòèðèêàíàëüíi çîáðàæåííÿ. Öå
ñòâîðþ¹ íåîáõiäíiñòü çàìiíèòè ïåðøèé øàð VGG-16 [28] íà íîâèé øàð (íå íàòðå-
íîâàíèé), ÿêèé ïðèéìà¹ ÷îòèðèêàíàëüíi çîáðàæåííÿ. Äëÿ çàãàëüíîñòi ìíîæèíà
çàïèòó òàêîæ ¹ ìíîæèíîþ ÷îòèðèêàíàëüíèõ åëåìåíòiâ. Îñêiëüêè ìàñêà îá'¹êòiâ
äëÿ åëåìåíòiâ çàïèòó íåâiäîìà, òî ÷åòâåðòèé êàíàë çàïîâíþ¹òüñÿ íóëÿìè. Ìíîæèíà
çàïèòó ìîæå ìiñòèòè äîâiëüíó êiëüêiñòü çîáðàæåíü. Äëÿ óñïiøíî¨ êîíêàòåíàöi¨
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Ðèñ. 3. Ïðèêëàäè ñåãìåíòàöi¨
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Ðèñ. 4. Ïðèêëàäè ñåãìåíòàöi¨
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êàðòè îçíàê i îòðèìóâàííÿ âõîäó ñòàëîãî ðîçìiðó íà îñòàííié áëîê ìîäåëi óñi êàðòè
îçíàê äëÿ êîæíîãî ïðèêëàäó ç ìíîæèíè ïiäòðèìêè ïiäñóìîâóþòüñÿ ïîåëåìåíòíî.
Ìíîæèíà çàïèòó ìîæå ìiñòèòè ëèøå îäíå çîáðàæåííÿ çà îäèí ïðîõiä.

11. Âèñíîâêè

Ó öié ïðàöi äîñëiäæåíî ïîòåíöiàë çãîðòêîâèõ íåéðîííèõ ìåðåæ, çäàòíèõ âèêî-
íóâàòè òðåíóâàííÿ íà ìàëié êiëüêîñòi äàíèõ. Îñíîâíi ðåçóëüòàòè ðîáîòè òàêi.

1. Äîñëiäæåíî ìàòåìàòè÷íèé àïàðàò òà iäåþ íàâ÷àííÿ íà ìàëîìó íàáîði äàíèõ.
Ðîçêðèòî âàæëèâiñòü âèêîðèñòàííÿ ðîçáèòòÿ âõiäíèõ äàíèõ íà ìíîæèíó çàïè-
òó òà ïiäòðèìêè. Äîñëiäæåíî âïëèâ ìíîæèíè ïiäòðèìêè íà ðåçóëüòàò òðåíó-
âàííÿ òà ðîáîòè ìîäåëi.

2. Çàïðîïîíîâàíî àðõiòåêòóðó çãîðòêîâî¨ íåéðîííî¨ ìåðåæi ç âèêîðèñòàííÿì ìíî-
æèí çàïèòó òà ïiäòðèìêè. Ðåàëiçîâàíà àðõiòåêòóðà îá'¹äíó¹ iäå¨ òàêèõ ìîäå-
ëåé: VGG-16 [28] òà U-Net [24]. Âàæëèâèì âíåñêîì ¹ àäàïòàöiÿ VGG-16 [28]
äëÿ ìíîæèíè ïiäòðèìêè é óíiôiêàöiÿ äëÿ ìíîæèíè ïiäòðèìêè.

3. Äîñëiäæåíî òà äîâåäåíî íà ïðàêòèöi ìîæëèâiñòü àäàïòàöi¨ ðîçãëÿíóòî¨ àðõi-
òåêòóðè äëÿ ñåãìåíòàöi¨ çîáðàæåíü êàòåãîðié îá'¹êòiâ, ÿêi íå áóëè âiäîìèìè íà
åòàïi òðåíóâàííÿ.
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Over the past few years, we have witnessed the success of deep learning in various
computer vision tasks such as image classi�cation, object detection, object localization,
etc. The existing approach achieves very good results only in a speci�c domain due to the
dataset variability limitation. Today we have a lot of free open-source datasets (PASCAL
VOC, ImageNet, COCO òîùî) suitable for a variety of computer vision tasks. Although
these datasets have covered a wide range of object categories, there is still a signi�cant
number of objects that are not included. Creating a new dataset is a very time-consuming
process and may be not available for many business cases due to the huge cost of work.
In this work, several few-shot image segmentation approaches were investigated. We have
built a convolutional neural network based on the VGG-16 model (pretrained on the public
available ImageNet dataset) using Tensor�ow 2 and have trained it on the public available
FSS-1000 dataset. The key idea of our approach is to use the support set as an additional
input to the model. These sets can be retrieved as example cases for the model because
the support set contains annotated images. Our model peeks to the support set and use
information in that set as an example. That helps the model to pay attention only to
features speci�c to the concrete object category. Model architecture consists of thee main
blocks - encoder, relation module and the decoder module. Encoder process both input
image and the support set and provide features to the relation module. Relation module
combine both features from the input image and support set and then pass in to encoder
module that produces �nal segmentation mask. Skip-connections is used as it proposed
by the U-Net network. The FSS-1000 dataset was splitted into the train and test set with
respect the image category. So, 2000 test images have no intersection with the rest of the
800 training categories. Our trained model is able to segment an arbitrary image using
only a few annotated images passed to the network in the support set. We achieve up to
83,55% accuracy using novel object categories. Least but not last out approach can be
adapted to the other computer vision tasks such as image classi�cation, object detection
and even image generation.

Machine learning � is a subset of arti�cial intelligence algorithms. The main purpose of
such methods is not a solution of certain problem but building an algorithm to solve that
problem. The main idea of machine leaning is based on statistical models. Term �machine
learning� was introduced by Samuel Arthur in 1959 [27]. Machine learning is an important
part of modern business and research. There are many scopes of application of the statis-
tical models and various arti�cial intelligence methods. Machine learning approaches are
divided into the following subsets:

� Supervised learning
� Unsupervised learning
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Unsupervised learning considers such models which can be trained by itself only con-
suming data provided by human (without annotation). Despite the best advantages of such
models supervised models are more popular nowadays. For example, in classi�cation tasks
supervised learning allows models that maps sample to certain class; unsupervised models
can only distinct di�erent group of samples without any knowledge about which class those
samples belong to (such process is also called clusterization).

Neural networks become the most popular algorithm. Great success was achieved in
di�erent subsets of arti�cial intelligence using neural networks in computer vision (image
classi�cation, segmentation generation, annotation tasks, object detection, gesture recog-
nition etc). Also, there is good progress in another �elds.

In this work we present neural network architecture for image segmentation that can
be trained using only few samples per class. That model consumes query image (image to
be segmented) along with support set (examples of segmented images). This architecture
is inspired by U-Net [24]. VGG-16 [28] is used as a network backbone. We trained our
model using FSS-1000 dataset [32] and achieved about 69% IoU.

Key words: machine learning, Neural networks.


