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ÍÅÉÐÎÍÍÈÕ ÌÅÐÅÆ

Ìåòîþ ðîáîòè º âèêîðèñòàííÿ øòó÷íèõ íåéðîííèõ ìåðåæ  äëÿ ïîêðàùåííÿ
ÿêîñò³ çîáðàæåíü ïðè çá³ëüøåíí³ ¿õ äîçâîëó. Ïðîâåäåíî àíàë³ç ñó÷àñíèõ àëãîðèòì³â
³íòåðïîëÿö³¿, ÿê³ âêëþ÷àþòü ³í³ö³àë³çàö³þ ïàðíèõ òî÷îê çíà÷åííÿìè çìåíøåíîãî
çîáðàæåííÿ, ìåòðèê îö³íêè ÿêîñò³ ðîáîòè àëãîðèòì³â; âèêîðèñòàííÿ øòó÷íèõ
íåéðîííèõ ìåðåæ äëÿ çá³ëüøåííÿ äîçâîëó çîáðàæåíü; ìåòîä³â ï³äâèùåííÿ åôåêòèâ-
íîñò³ øòó÷íèõ íåéðîííèõ ìåðåæ. Ïîð³âíÿííÿ ðåçóëüòàò³â çà äîïîìîãîþ îá‘ºêòèâíèõ
ìåòðèê ïîêàçàëî, ùî ãåíåðàòèâíî-çìàãàëüíà ìîäåëü ñïðàâëÿºòüñÿ ç îáðîáêîþ çî-
áðàæåíü åôåêòèâí³øå, í³æ çãîðòàëüíà íåéðîííà ìåðåæà.

Êëþ÷îâ³ ñëîâà: øòó÷í³ íåéðîíí³ ìåðåæ³, ³íòåðïîëÿö³ÿ, äîçâ³ë çîáðàæåíü,
ÿê³ñòü çîáðàæåíü.

Öåëüþ ðàáîòû ÿâëÿåòñÿ èñïîëüçîâàíèå èñêóññòâåííûõ íåéðîííûõ ñåòåé äëÿ
óëó÷øåíèÿ êà÷åñòâà èçîáðàæåíèé ïðè óâåëè÷åíèè èõ ðàçðåøåíèÿ. Ïðîâåäåí àíàëèç
ñîâðåìåííûõ àëãîðèòìîâ èíòåðïîëÿöèè, êîòîðûå âêëþ÷àþò èíèöèàëèçàöèþ ïàðíûõ
òî÷åê çíà÷åíèÿìè óìåíüøåííîãî èçîáðàæåíèÿ, ìåòðèê îöåíêè êà÷åñòâà ðàáîòû
àëãîðèòìîâ; èñïîëüçîâàíèå èñêóññòâåííûõ íåéðîííûõ ñåòåé äëÿ óâåëè÷åíèÿ ðàçðå-
øåíèÿ èçîáðàæåíèé; ìåòîäîâ ïîâûøåíèÿ ýôôåêòèâíîñòè èñêóññòâåííûõ íåéðîííûõ
ñåòåé. Ñðàâíåíèå ðåçóëüòàòîâ ñ ïîìîùüþ îáúåêòèâíûõ ìåòðèê ïîêàçàëî, ÷òî ãå-
íåðàòèâíî-ñîðåâíîâàòåëüíàÿ ìîäåëü ñïðàâëÿåòñÿ ñ îáðàáîòêîé èçîáðàæåíèé ýôôåê-
òèâíåå, ÷åì ñâåðòûâàþùàÿ íåéðîííàÿ ñåòü.

Êëþ÷åâûå ñëîâà: èñêóññòâåííûå íåéðîííûå ñåòè, èíòåðïîëÿöèÿ, ðàçðåøåíèå
èçîáðàæåíèé, êà÷åñòâî èçîáðàæåíèé.

Âñòóï. Çàâäàííÿ ÿê³ñíîãî çá³ëüøåííÿ äîçâîëó çîáðàæåíü º îäíèì ³ç íàé-
àêòóàëüí³øèõ ïèòàíü öèôðîâî¿ îáðîáêè çîáðàæåíü. Äëÿ âèð³øåííÿ öüîãî çàâäàííÿ
âèêîðèñòîâóþòüñÿ ð³çí³ ìåòîäè, ùî íàëåæàòü äî êëàñó Single image super-resolution
(ñóïåðäîçâ³ë íà áàç³ îäíîãî çîáðàæåííÿ). Àëå íàé÷àñò³øå çàñòîñóâàííÿ ìåòîä³â
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³íòåðïîëÿö³¿, ô³ëüòð³â ³ ð³çíèõ àëãîðèòì³â îáðîáêè íå äàº áàæàíîãî ðåçóëüòàòó.
Øòó÷íà íåéðîííà ìåðåæà (ØÍÌ) – öå ìàòåìàòè÷íà ìîäåëü, ùî îïèñóº ñèñòåìó
ç’ºäíàíèõ ì³æ ñîáîþ øòó÷íèõ íåéðîí³â, à òàêîæ ðåàë³çàö³¿ ö³º¿ ìîäåë³. ª áàãàòî
ìåòðèê, ÿê³ äîçâîëÿþòü îòðèìàòè îá’ºêòèâíó îö³íêó ÿêîñò³ çá³ëüøåíîãî çîáðàæåííÿ.
Àëå, êð³ì öüîãî, âàæëèâî òàêîæ âðàõîâóâàòè òàê³ ôàêòîðè, ÿê ÷àñ ðîáîòè àëãîðèòìó,
íåîáõ³äí³ îá÷èñëþâàëüí³ ïîòóæíîñò³, ïàì’ÿòü, íàâàíòàæåííÿ ïðîöåñîðà ³ ò.ä.
Îñê³ëüêè ìîäåë³ ç’ÿâëÿþòüñÿ ïîñò³éíî, à ñàìà ñôåðà äîñë³äæåííÿ ìàøèííîãî
íàâ÷àííÿ ³ ØÍÌ º ñôåðîþ, ÿêà äèíàì³÷íî ðîçâèâàºòüñÿ, ìîæíà ñòâåðäæóâàòè,
ùî öÿ çàäà÷à º àêòóàëüíîþ.

Îñíîâíà ÷àñòèíà. ØÍÌ ñòàíîâëÿòü ñîáîþ ñèñòåìè, ÿê³ ïåðåòâîðþþòü ³í-
ôîðìàö³þ ïîä³áíî ïðîöåñàì, ùî â³äáóâàþòüñÿ â ìîçêó ëþäèíè. Îäí³ºþ ç îñíîâíèõ
õàðàêòåðèñòèê ØÍÌ º ¿¿ ìîäåëü. Îõàðàêòåðèçóâàòè öþ ìîäåëü ìîæíà çà âèäàìè
íåéðîí³â, ñòðóêòóðîþ ìîäåë³ ³ ñïîñîáîì íàâ÷àííÿ. Äëÿ çàäà÷³ ìàñøòàáóâàííÿ
çîáðàæåíü âèêîðèñòîâóþòüñÿ ð³çí³ ìîäåë³ ØÍÌ, àëå íàéêðàùå ñåáå çàðåêîìåí-
äóâàëè òàê³: çãîðòàëüíà íåéðîííà ìåðåæà (Convolutional neural network, CNN) òà
ãåíåðàòèâíî-çìàãàëüíà ìåðåæà (Generative adversarial network, GAN).

Â îñíîâ³ çãîðòàëüíèõ íåéðîííèõ ìåðåæ ëåæàòü òàê³ ³äå¿: êîæíèé íåéðîí
øàðó îòðèìóº âõ³äíèé ñèãíàë â³ä ëîêàëüíîãî ðåöåïòèâíîãî ïîëÿ â ïîïåðåäíüîìó
øàð³; êîæíèé ïðèõîâàíèé øàð íåéðîííî¿ ìåðåæ³ ñêëàäàºòüñÿ ç áàãàòüîõ êàðò
îçíàê (feature maps). Îäí³ºþ ç íàéá³ëüø â³äîìèõ ìîäåëåé çãîðòàëüíèõ ìåðåæ, ùî
çàñòîñîâóþòüñÿ äëÿ âèð³øåííÿ çàâäàííÿ çá³ëüøåííÿ çîáðàæåíü, º ìîäåëü íåéðîííî¿
ìåðåæ³ SRCNN (Super-Resolution Convolutional Neural Network). [2] Íà âõ³ä
SRCNN ïîäàºòüñÿ çîáðàæåííÿ, çá³ëüøåíå çà äîïîìîãîþ ìåòîä³â ³íòåðïîëÿö³¿, ÿêå
ïîò³ì ïðîõîäèòü ïðîöåñ ïîêðàùåííÿ ÿêîñò³. Ïîä³áíèé ìåòîä çàñòîñîâóºòüñÿ â
ðîçðîáëåíîìó êîìïàí³ºþ Google ìåòîä³ RAISR. [3] Ãåíåðàòèâíî-çìàãàëüí³ ìåðå-
æ³ – öå àëãîðèòì ìàøèííîãî íàâ÷àííÿ áåç â÷èòåëÿ, ïîáóäîâàíèé íà êîìá³íàö³¿ ç
äâîõ íåéðîííèõ ìåðåæ, ÿê ïðàâèëî, çãîðòàëüíèõ àáî ïðÿìîãî ðîçïîâñþäæåííÿ.
Ñõåìà ìîäåë³ çìàãàëüíî¿ ìåðåæ³ ïðåäñòàâëåíà íà ðèñ.1.

Ðèñ. 1. Ìîäåëü ãåíåðàòèâíî-çìàãàëüíî¿ ØÍÌ
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Íà öåé ìîìåíò îäí³ºþ ç îñòàíí³õ ìîäåëåé, ÿê³ ðîçðîáëåí³ äëÿ âèð³øåííÿ
çàâäàííÿ çá³ëüøåííÿ äîçâîëó çîáðàæåííÿ çà äîïîìîãîþ ØÍÌ, º SRGAN (Super-
Resolution Generative Adversarial Network). [4] Íàéá³ëüø ðîçïîâñþäæåíèìè íà
ïðàêòèö³ º á³êóá³÷íà ³íòåðïîëÿö³ÿ òà ô³ëüòð Ëàíöîøà. Òàêîæ âàðòî â³äçíà÷èòè,
ùî ö³ àëãîðèòìè äàþòü îïòèìàëüíå ñï³ââ³äíîøåííÿ ÿêîñò³ ðåçóëüòàòó ³ ÷àñó ðîáîòè.
Òîìó áóëî ïðèéíÿòî ð³øåííÿ âèêîðèñòîâóâàòè ö³ äâà àëãîðèòìè ó ïðîãðàìí³é
ðåàë³çàö³¿.

Àíàë³çóþ÷è ìîäåë³ ØÍÌ, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ âèð³øåííÿ çàäà÷³ çá³ëü-
øåííÿ çîáðàæåíü, â³äçíà÷èìî òîé ôàêò, ùî íàé÷àñò³øå âèêîðèñòîâóþòüñÿ çãîðòàëüí³
íåéðîíí³ ìåðåæ³, ³ îäí³ºþ ç íàéïîøèðåí³øèõ ìîäåëåé º SRCNN. Íà ñüîãîäí³ ãå-
íåðàòèâíî-çìàãàëüí³ ìåðåæ³, ÿê³  ç’ÿâèëèñÿ íåäàâíî, ñòàíîâëÿòü âåëèêèé ³íòåðåñ
³ º äóæå ïåðñïåêòèâíèìè. Çîêðåìà, ìîäåëü SRGAN, ñòâîðåíà äëÿ âèð³øåííÿ
öüîãî çàâäàííÿ, äîçâîëÿº îòðèìàòè ÿê³ñí³ ðåçóëüòàòè.

Ïîð³âíÿííÿ áóäå ïðîâîäèòèñÿ äëÿ òàêèõ àëãîðèòì³â ³ ìîäåëåé: á³êóá³÷íà
³íòåðïîëÿö³ÿ; ô³ëüòð Ëàíöîøà; ìîäåëü ØÍÌ SRCNN; ìîäåëü ØÍÌ SRGAN.

Äëÿ ìîäåë³ SRGAN âõ³äíèìè äàíèìè ñëóæàòü çîáðàæåííÿ. Óðåçóëüòàò³
íàâ÷àííÿ íåîáõ³äíî îòðèìàòè ãåíåðóþ÷ó ôóíêö³þ G. Ãåíåðàòîð íàâ÷àºòüñÿ ÿê
çãîðòàëüíà íåéðîííà ìåðåæà ïðÿìîãî ðîçïîâñþäæåííÿ ç ïàðàìåòðàìè 

G
:

1 1G :l :lQ {W ;b } (1)

äå W
1:L 

³ b
1:L 

— öå, â³äïîâ³äíî, âàãè ³ çì³ùåííÿ íåéðîííî¿ ìåðåæ³ ãëèáèíîþ â L
øàð³â. Öåé ïàðàìåòð îá÷èñëþºòüñÿ øëÿõîì îïòèì³çàö³¿ ñêëàäîâî¿ ôóíêö³¿ âòðàò
l
SR

. Äëÿ íàâ÷àííÿ íåéðîííî¿ ìåðåæ³ çíàõîäèìî çíà÷åííÿ:

1 LR HR
G SR n nQ min l ( G( I ),I )

n
  (2)

Äëÿ êîðåêòíîãî ïîð³âíÿííÿ ÿêîñò³ ðîáîòè àëãîðèòì³â òà íåéðîííèõ ìåðåæ
íåîáõ³äíî âèêîðèñòîâóâàòè îá’ºêòèâí³ ìåòðèêè. Âõ³äíèìè äàíèìè äëÿ êîæíîãî
ìåòîäó áóäå ñëóæèòè çìåíøåíå çîáðàæåííÿ. Îòðèìàíå â ðåçóëüòàò³ ðîáîòè ìåòîä³â
çîáðàæåííÿ ìîæíà ïîð³âíÿòè ç îðèã³íàëîì íà ïðåäìåò ïîÿâè ðîçá³æíîñòåé.
Íàéá³ëüø ðîçïîâñþäæåíèìè ìåòîäàìè ïîð³âíÿííÿ äâîõ çîáðàæåíü º: ìåòîä
ñåðåäíüî-êâàäðàòè÷íî¿ ïîìèëêè ìîäåë³ (Mean Squared Error, MSE); ï³êîâå
â³äíîøåííÿ ñèãíàëó äî øóìó (Peak Signal-to-Noise Ratio, PSNR); ³íäåêñ ñòðóêòóðíî¿
ñõîæîñò³ (Structural Similarity, SSIM). Íàéïðîñò³øèì ìåòîäîì º MSE. Â éîãî
îñíîâ³ ëåæèòü ïîï³êñåëüíå ïîð³âíÿííÿ äâîõ çîáðàæåíü. Çàãàëüíà ôîðìóëà:

2

1

1 n

i i
i

MSE(x,y) ( x y ) ,
n 

  (3)

äå x
i
 – i-é ï³êñåëü çîáðàæåííÿ x, y

i
 – i-é ï³êñåëü çîáðàæåííÿ y, n – çàãàëüíà

ê³ëüê³ñòü ï³êñåë³â.
Ïðè ïîð³âíÿíí³ äâîõ çîáðàæåíü çíà÷åííÿ MSE, ð³âíå íóëþ, ñâ³ä÷èòü ïðî òå,

ùî çîáðàæåííÿ ïîâí³ñòþ ³äåíòè÷í³. ×èì âèùå çíà÷åííÿ öüîãî ïîêàçíèêà, òèì
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á³ëüøå â³äì³ííîñòåé ì³æ çîáðàæåííÿìè. Ìåòðèêà ðîçðàõîâàíà íà â³êíà ðîçì³ðîì
8õ8 ï³êñåë³â. SSIM âèçíà÷àºòüñÿ ëîêàëüíî, òîìó, ùîá îòðèìàòè ãëîáàëüíó îö³íêó
ïîä³áíîñò³ äâîõ çîáðàæåí, âèêîðèñòîâóºòüñÿ óñåðåäíåííÿ SSIM ïî âñ³ì â³êíàì.
Ðåçóëüòàò, ÿêèé âèõîäèòü çà äîïîìîãîþ ìåòîäó SSIM, ëåæèòü ó ä³àïàçîí³ â³ä -1 äî
1. Çíà÷åííÿ, ð³âíå 1, äîñÿãàºòüñÿ ò³ëüêè ïðè ïîâí³é ³äåíòè÷íîñò³ çîáðàæåíü. ×èì
áëèæ÷å çíà÷åííÿ äî -1, òèì á³ëüøå â³äì³ííîñòåé ì³æ çîáðàæåííÿìè. Çàãàëüíà
ôîðìóëà ìàº òàêèé âèãëÿä:

1 2
2 2 2 2

1 2

2 2x y xy

x y x y

( c )( c )
SSIM( x,y ) ,

( c )( c )

  
   

 


    (4)

äå 
x
 – ñåðåäíº çîáðàæåííÿ x, 

y
  – ñåðåäíº çîáðàæåííÿ y, 2

x
 – äèñïåðñ³ÿ

çîáðàæåííÿ x, 2
y
 – äèñïåðñ³ÿ çîáðàæåííÿ y, 

xy
 – êîâàð³àö³ÿ x òà y, Ñ1 òà Ñ2 –

ïîïðàâî÷í³ êîåô³ö³ºíòè:

2 2
1 1 2 2c ( k ,l ) ,c ( k ,l ) ,  (5)

äå l – äèíàì³÷íèé ä³àïàçîí ï³êñåë³â (çàçâè÷àé 2(á³ò³â íà ï³êñåëü) — 1), k
1
 = 0,01, k

2
 =

0,03 – êîíñòàíòè. SSIM ñèìåòðè÷íèé: SSIM(x,y) = SSIM(y,x) [5]. Ï³êîâå
ñï³ââ³äíîøåííÿ ñèãíàëó äî øóìó (PSNR) ïîêàçóº ñï³ââ³äíîøåííÿ ì³æ ìàêñèìóìîì
ìîæëèâîãî çíà÷åííÿ ñèãíàëó ³ ïîòóæí³ñòþ øóìó, ùî ñïîòâîðþº çíà÷åííÿ ñèãíàëó.
Îñê³ëüêè áàãàòî ñèãíàë³â ìàþòü øèðîêèé äèíàì³÷íèé ä³àïàçîí, PSNR ïðèéíÿòî
çàçâè÷àé âèì³ðþâàòè â ëîãàðèôì³÷í³é øêàë³ â äåöèáåëàõ. PSNR ìîæå ïðèéìàòè
çíà÷åííÿ â³ä íóëÿ äî . ×èì á³ëüøå çíà÷åííÿ PSNR, òèì á³ëüøó ñõîæ³ñòü ìàþòü
çîáðàæåííÿ, ÿê³ ïîð³âíþþòüñÿ:

2

10 L
PSNR( x, y ) lg ,

MSE( x, y )
 (6)

äå x, y – çîáðàæåííÿ, ÿê³ íåîáõ³äíî ïîð³âíÿòè, MSE(x, y) – ñåðåäíüîêâàäðàòè÷íà
ïîìèëêà äâîõ çîáðàæåíü, L – ìàêñèìàëüíå çíà÷åííÿ ÿñêðàâîñò³. Çàçâè÷àé äîð³âíþº
255 ïðè âèêîðèñòàíí³ ö³ëèõ ÷èñåë â³ä 0 äî 255, àáî 1, ÿêùî âèêîðèñòîâóþòüñÿ
ðå÷îâ³ çíà÷åííÿ â³ä 0 äî 1 [5]. Äëÿ âèð³øåííÿ ð³çíèõ çàâäàíü ìàøèííîãî íàâ÷àííÿ
³ îáðîáêè çîáðàæåíü âèêîðèñòîâóþòüñÿ ð³çí³ ìîâè ïðîãðàìóâàííÿ. Òàêîæ ³ñíóº
âåëèêà ê³ëüê³ñòü ð³çíèõ á³áë³îòåê, â ÿêèõ ðåàë³çîâàí³ ìåòîäè òà àëãîðèòìè, ÿê³
íàéá³ëüø ÷àñòî âèêîðèñòîâóþòüñÿ. Ìîâîþ ïðîãðàìóâàííÿ îáèðàºìî Python 3,
âèêîðèñòîâóºìî âåðñ³þ ìîâè 3.6.2. Äëÿ ïðîãðàìíî¿ ðåàë³çàö³¿ âèêîðèñòîâóºìî
îñíîâí³ á³áë³îòåêè: NumPy; OpenCV; TensorFlow. Âèá³ð áàçè çîáðàæåíü
ïîÿñíþºòüñÿ òàêèìè ïðè÷èíàìè. Ó ö³é áàç³ ïîøèðþþòüñÿ íå çîáðàæåííÿ, à
ïîñèëàííÿ íà íèõ. Öå äàº ìîæëèâ³ñòü ïîïåðåäíüî¿ îáðîáêè çîáðàæåíü íà åòàï³ ¿õ
çáåðåæåííÿ. Íàïðèêëàä, ìîæíà îáìåæèòè ê³ëüê³ñòü çàâàíòàæóâàíèõ çîáðàæåíü
ïîòð³áíîþ ê³ëüê³ñòþ àáî, íàïðèêëàä, ïðè çáåðåæåíí³ çìåíøóâàòè ðîçì³ðè çîáðàæåíü.
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Òàêèì ÷èíîì, ìîæëèâî çàîùàäèòè ì³ñöå íà æîðñòêîìó äèñêó, ùî ìîæå áóòè
³ñòîòíîþ ïåðåâàãîþ ïðè ðîáîò³ ç âåëèêîþ ê³ëüê³ñòþ çîáðàæåíü. ª ìîæëèâ³ñòü
âêàçàòè òåìàòèêó çîáðàæåíü. Ó ö³é áàç³ ïðåäñòàâëåí³ òàê³ êàòåãîð³¿, ÿê ôîòîãðàô³¿
ëþäåé, òâàðèí, ìåäè÷í³ çîáðàæåííÿ, ôîòîãðàô³¿ ïðèðîäè ³ ò.ä. Ùîá çì³íèòè òåìàòèêó
íàâ÷àëüíî¿ âèá³ðêè, äîñèòü çàì³íèòè ôàéë ç ïîñèëàííÿìè. Ê³ëüê³ñòü ïîâíèõ ïðîõîä-
æåíü òðåíóâàëüíèõ íàáîð³â äëÿ îáîõ íåéðîííèõ ìåðåæ (öèêë³â, “åïîõ”, epoch) –
200. Ï³ñëÿ íàâ÷àííÿ ìîäåë³ SRGAN ïðîâîäèìî ïîâòîðíå íàâ÷àííÿ, àëå â öåé ðàç
ï³ñëÿ îáðîáêè êîæíîãî òðåíóâàëüíîãî íàáîðó ï³äêëþ÷àºòüñÿ ìîäóëü òåñòóâàííÿ ³
ðåçóëüòàò îáðîáêè çáåð³ãàºòüñÿ ó âèãëÿä³ çîáðàæåííÿ. Öå çðîáëåíî äëÿ òîãî, ùîá
ìàòè ìîæëèâ³ñòü ïîáà÷èòè äèíàì³êó ïîë³ïøåííÿ ÿêîñò³ çîáðàæåíü, ùî ãåíåðóþòüñÿ,
ïî ì³ð³ íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Ïðèêëàä òàêî¿ äèíàì³êè íàâåäåíèé íà ðèñ. 2.
Íà íüîìó öèôðà ï³ä çîáðàæåííÿì ïîçíà÷àº íîìåð öèêëó íàâ÷àííÿ.

Ðèñ. 2. Äèíàì³êà íàâ÷àííÿ ØÍÌ SRGAN

ßê ìîæíà ïîì³òèòè ç ðèñ. 2, â³çóàëüíî ñêëàäíî ïîáà÷èòè ð³çíèöþ ì³æ 100-ì
³ 200-ì öèêëîì, àëå ÿêùî ïîäèâèòèñÿ íà áóäü-ÿêó ç âèáðàíèõ ìåòðèê ÿêîñò³, òî íà
ïðîäîâæåíí³ âñüîãî ïðîöåñó íàâ÷àííÿ çáåð³ãàºòüñÿ ïîçèòèâíà äèíàì³êà. Ïîêàçíèêè
ïðåäñòàâëåí³ â òàáë. 1.

 Òàáëèöÿ 1

Çì³íà çíà÷åííÿ ìåòðèê ÿêîñò³ â ïðîöåñ³ íàâ÷àííÿ

№ циклу PSNR SSIM MSE

1 12,00 0,13 1577,13
10 22,01 0,73 291,49
50 27,01 0,87 125,32

100 27,37 0,89 118,07
200 27,47 0,90 116,02

Äèíàì³êà çì³íè ïîêàçíèê³â íà ïðèêëàä³ PSNR ïðåäñòàâëåíà íà ðèñ. 3. ßê
âèäíî ç ðèñ. 3, øâèäê³ñòü íàâ÷àííÿ ïî÷èíàº çíà÷íî ñïîâ³ëüíþâàòèñÿ âæå ï³ñëÿ
10-ãî öèêëó, àëå òðèâàëà äèíàì³êà ïîêðàùåííÿ ïîêàçíèêà çáåð³ãàºòüñÿ àæ äî
200-ãî öèêëó. Ï³ñëÿ òîãî, ÿê áóâ çàê³í÷åíèé ïðîöåñ íàâ÷àííÿ ³ òåñòóâàííÿ íåéðîííèõ
ìåðåæ, áóëè çãåíåðîâàí³ ðåçóëüòàòè ðîáîòè àëãîðèòì³â ³íòåðïîëÿö³¿.

С
И

С
Т

Е
М

И
 Т

А
 М

Е
Т

О
Д

И
 О

Б
Р

О
Б

К
И

 І
Н

Ф
О

Р
М

А
Ц

ІЇ



ISSN 2411-3816 Ñó÷àñíà ñïåö³àëüíà òåõí³êà. 2018. ¹ 4(55)

62 Н а у к о в о � п р а к т и ч н и й  ж у р н а л

Ðèñ. 3. Ãðàô³ê çì³íè ïîêàçíèêà PSNR ó ïðîöåñ³ íàâ÷àííÿ

Äëÿ ìîäåë³ SRCNN ÷àñ íàâ÷àííÿ ñêëàäàâ 53 õâèëèíè 26 ñåêóíä, òîáòî ñåðåäí³é
÷àñ íà îäíó ïîâíó îáðîáêó òåñòîâèõ çîáðàæåíü – 16 ñåêóíä. Ó ìîäåë³ SRGAN íà-
â÷àííÿ çàéíÿëî çíà÷íî á³ëüøå ÷àñó – âñüîãî áëèçüêî 8 ãîäèíè 43 õâèëèíè. Â³äïî-
â³äíî, ñåðåäí³é ÷àñ íà îáðîáêó âñ³õ òåñòîâèõ íàáîð³â äîð³âíþº 2 õâèëèíàì 37 ñå-
êóíäàì. Ïðè ïðîâåäåíí³ òåñòóâàííÿ ìîäåëåé ÷àñ îáðîáêè òåñòîâèõ çîáðàæåíü –
27 ñåêóíä äëÿ ìîäåë³ SRCNN ³ 33 ñåêóíäè äëÿ SRGAN. Àëãîðèòì á³êóá³÷íî¿
³íòåðïîëÿö³¿ ³ ô³ëüòð Ëàíöîøà íà îáðîáêó òåñòîâèõ çîáðàæåíü çàéíÿëè 0,002005
³ 0,561503 ñåêóíä â³äïîâ³äíî. Ôàéë ³ç çáåðåæåíèì ñòàíîì íåéðîííî¿ ìåðåæ³ SRCNN
ñòàíîâèòü 441 ìåãàáàéò, SRGAN – 490 ìåãàáàéò. Ïðèêëàä ðåçóëüòàòó, ÿêèé îòðèìàíî
âíàñë³äîê ðîáîòè àëãîðèòì³â òà ØÍÌ, íàâåäåíèé íà ðèñ. 4.

Ðèñ. 4. Ðåçóëüòàòè ðîáîòè àëãîðèòì³â çá³ëüøåííÿ äîçâîëó

     Ìåòðèêè äëÿ öüîãî ïðèêëàäó ïðèâåäåí³ ó òàáë. 2.

   Òàáëèöÿ 2

Ïîð³âíÿííÿ ðåçóëüòàò³â íà ïðèêëàä³ îäíîãî çîáðàæåííÿ

Метрика Бікубічна 
інтерполяція 

Фільтр Ланцоша SRCNN SRGAN

MSE 774,61 786,71 182,08 115,09
PSNR 19,24 19,17 25,53 27,52
SSIM 0,41 0,40 0,80 0,91
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Ñåðåäí³ ïîêàçíèêè ðåçóëüòàò³â îáðîáêè âñ³õ çîáðàæåíü ïðåäñòàâëåí³ ó òàáë. 3.
ßê âèäíî ç òàáë. 3, ðåçóëüòàò ðîáîòè ìîäåë³ SRGAN ìàº íàéêðàù³ ïîêàçíèêè.

Îáèäâ³ ìîäåë³ ØÍÌ çíà÷íî ïåðåâåðøóþòü àëãîðèòìè ³íòåðïîëÿö³¿, ïðîòå ì³æ
ñàìèìè ìîäåëÿìè â³äì³íí³ñòü â ïîêàçíèêàõ íåçíà÷íà.

     Òàáëèöÿ 3

Ïîð³âíÿííÿ ñåðåäí³õ ïîêàçíèê³â çà âñ³ìà çîáðàæåííÿìè

Метрика Бікубічна 
інтерполяція Фільтр Ланцоша SRCNN SRGAN

MSE 588,61 603,65 200,80 130,25
PSNR 21,26 21,15 26,94 27,63 
SSIM 0,57 0,56 0,89 0,92 

ßêùî æ ïîð³âíþâàòè ìîäåë³ íåéðîííèõ ìåðåæ, òî ç ðåçóëüòàò³â âèäíî, ùî
ãåíåðàòèâíî-çìàãàëüí³ ìåðåæ³ ïåðåâåðøóþòü çãîðòóâàëüí³ ïðè ïîð³âíÿíí³ ïîçà
îá’ºêòèâíèìè ìåòðèêàìè.

Âèñíîâêè. Àíàë³ç ñó÷àñíèõ ï³äõîä³â äî âèð³øåííÿ çàâäàííÿ çá³ëüøåííÿ
äîçâîëó çîáðàæåíü ïîêàçàâ, ùî, íåçâàæàþ÷è íà ôàêò ³ñíóâàííÿ â³äíîñíî øâèäêèõ
³ ÿê³ñíèõ àëãîðèòì³â, ïîñò³éíî ç’ÿâëÿþòüñÿ íîâ³ ìåòîäè. Ó á³ëüøîñò³ äîñë³äæåíü
âèêîðèñòîâóþòüñÿ ð³çí³ ðåàë³çàö³¿ ìîäåëåé çãîðòàëüíèõ íåéðîííèõ ìåðåæ. Àëå
ãåíåðàòèâíî-çìàãàëüí³ íåéðîíí³ ìåðåæ³, ÿê³ ç’ÿâèëèñÿ â³äíîñíî íåäàâíî, ìàþòü
çíà÷íó ïåðñïåêòèâó. Áóëè äîñë³äæåí³ àëãîðèòìè á³êóá³÷íî¿ ³íòåðïîëÿö³¿, ô³ëüòðà
Ëàíöîøà, ìîäåë³ ØÍÌ SRCNN ³ SRGAN.

Íà âèá³ð àëãîðèòì³â ³íòåðïîëÿö³¿ âïëèâàº òîé ôàêò, ùî âîíè º äîñèòü
åôåêòèâíèìè çà ñï³ââ³äíîøåííÿì ÷àñó ðîáîòè ³ ÿêîñò³ îòðèìàíîãî ðåçóëüòàòó.
Òàêîæ íà âèá³ð âïëèâàº òå, ùî ö³ àëãîðèòìè øèðîêî ðîçïîâñþäæåí³ ³ âèêîðè-
ñòîâóþòüñÿ â áàãàòüîõ äîäàòêàõ. Âèá³ð ìîäåë³ SRCNN îá´ðóíòîâàíèé òèì, ùî öÿ
ìîäåëü ØÍÌ º îäí³ºþ ç íàéá³ëüø ðîçïîâñþäæåíèõ ³ ïåðåâ³ðåíèõ äëÿ âèð³øåííÿ
çàäà÷³ çá³ëüøåííÿ çîáðàæåíü. Ìîäåëü SRGAN îáðàíà ÷åðåç ÿê³ñí³ ðåçóëüòàòè
ðîáîòè. Öÿ ìîäåëü º íîâîþ ³ íà ñüîãîäí³ íå ìàº òàêî¿ âåëèêî¿ ê³ëüêîñò³ ïðîãðàìíèõ
ðåàë³çàö³é, ÿê ìîäåëü SRCNN. Ïðè ïîð³âíÿíí³ ðåçóëüòàò³â çà äîïîìîãîþ îá’ºê-
òèâíèõ ìåòðèê ìîæíà â³äçíà÷èòè, ùî ãåíåðàòèâíî-çìàãàëüíà ìîäåëü ñïðàâëÿºòüñÿ
ç îáðîáêîþ çîáðàæåíü åôåêòèâí³øå, í³æ çãîðòàëüíà íåéðîííà ìåðåæà. Àëå äëÿ
íàâ÷àííÿ òàêî¿ ìîäåë³ ïîòð³áíî íàáàãàòî á³ëüøå ÷àñó. Âèêîðèñòàííÿ íàâ÷àëüíî¿
ìîäåë³ ãåíåðàòèâíî-çìàãàëüíî¿ ìåðåæ³ äëÿ îáðîáêè òåñòîâèõ çîáðàæåíü òåæ çàéìàº
òðîõè á³ëüøå ÷àñó, í³æ çãîðòêîâî¿. Àëå ðåçóëüòàò, ÿêèé äîçâîëÿþòü îòðèìàòè
îáèäâ³ ìîäåë³, çíà÷íî ïåðåâåðøóº àëãîðèòìè ³íòåðïîëÿö³¿.
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EVALUATION OF THE EFFECTIVENESS OF ARTIFICIAL
NEURAL NETWORKS

The purpose of the article is the use of artificial neural networks to improve the
quality of images when increasing their permission. To achieve the goal, various types
of most promising artificial neural networks were considered – mathematical models
that describe the system of artificial neurons interconnected among them, as well as
the implementation of these models. The analysis of modern interpolation algorithms,
which include the initialization of paired points by the values of the reduced image,
the metrics for assessing the quality of the algorithms; using artificial neural means to
increase image resolution; methods of increasing the efficiency of artificial neural
networks.

A software implementation has been created using several interpolation algorithms
and models of artificial neural networks. An analysis of modern approaches to solving
the problem of increasing the resolution of images has shown that despite the existence
of relatively fast and high-quality algorithms, new methods are constantly emerging.
In recent years, artificial neural networks are increasingly used to solve this problem.
In most studies, different implementations of the models of the curtain neural networks
are used.
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The algorithms of bicubic interpolation, Lancosha filter, models of artificial
neural networks SRCNN and SRGAN were studied in this work. The choice of
interpolation algorithms is influenced by the fact that they are quite effective in terms
of the ratio of the time of work and the quality of the result. Also, the choice is
influenced by the fact that these algorithms are widespread and used in many applications.

When comparing results with objective metrics, it can be noted that generative-
competitive model copes with image processing more efficiently than the creeping
neural network. But adapting such a model requires much more time. Using the
generic-competitive network model to handle test images also takes a little more time
than the rollout. But the result, which allows both models, far outperforms interpolation
algorithms.

Keywords: artificial neural networks, interpolation, image resolution, image 
quality.
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