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ÀÂÒÎÌÀÒÈ×ÍÅ ÂÈÇÍÀ×ÅÍÍß Ð²ÂÍß ÃÀÓÑÎÂÎÃÎ ØÓÌÓ
ÍÀ ÖÈÔÐÎÂÈÕ ÇÎÁÐÀÆÅÍÍßÕ ÌÅÒÎÄÎÌ ÂÈÑÎÊÎ×ÀÑÒÎÒÍÎ¯
Ô²ËÜÒÐÀÖ²¯ ÄËß ÂÈÎÊÐÅÌËÅÍÈÕ ÎÁËÀÑÒÅÉ

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü, àëãîðèòì ³ ïðîãðàìíå çàáåçïå-
÷åííÿ äëÿ àâòîìàòè÷íîãî âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó íà öèôðîâèõ
çîáðàæåííÿõ ìåòîäîì âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿. Ð³âåíü øóìó îá÷èñëåíî
äëÿ îáëàñòåé ³íòåðåñó çîáðàæåííÿ, âèîêðåìëåíèõ çà äîïîìîãîþ íèçüêî÷àñ-
òîòíî¿ ô³ëüòðàö³¿. Îòðèìàíî îïòèìàëüí³ ïàðàìåòðè íèçüêî÷àñòîòíîãî òà âè-
ñîêî÷àñòîòíîãî ô³ëüòð³â. Ïîêàçàíî, ùî ïðè îáðîáëåíí³ ñåð³¿ òåñòîâèõ çîáðà-
æåíü çàïðîïîíîâàíèé ìåòîä çàáåçïå÷óº ìåíøó ïîõèáêó âèçíà÷åííÿ ð³âíÿ
øóìó, í³æ ³íø³ ìåòîäè-àíàëîãè.

Êëþ÷îâ³ ñëîâà: öèôðîâå îáðîáëåííÿ çîáðàæåíü, âèçíà÷åííÿ ð³âíÿ øóìó, àäèòèâ-
íèé á³ëèé ãàóñîâèé øóì, çãîðòêà, âèñîêî÷àñòîòíà ô³ëüòðàö³ÿ, îáëàñòü ³íòåðåñó.

ÂÑÒÓÏ

Òî÷íå îá÷èñëåííÿ ð³âíÿ øóìó íà öèôðîâèõ çîáðàæåííÿõ íåîáõ³äíå äëÿ åôåê-
òèâíîãî ïðîâåäåííÿ íàñòóïíèõ åòàï³â ¿õíüîãî îáðîáëåííÿ: ï³äâèùåííÿ êîí-
òðàñòó, íèçüêî÷àñòîòíî¿ òà âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿, âèä³ëåííÿ êîíòóð³â,
ñåãìåíòàö³¿, ðîçï³çíàâàííÿ îáðàç³â òà ³í. [1–3]. Äî òîãî æ åêñïåðèìåíòàëüí³
çíà÷åííÿ ð³âí³â øóìó íà çîáðàæåííÿõ, ç÷èòàíèõ ç ôîòî÷óòëèâèõ ñåíñîð³â, äîç-
âîëÿþòü îö³íèòè ÿê³ñòü ðîáîòè òàêèõ ñåíñîð³â [2]. Íàÿâí³ ìåòîäè îá÷èñëåííÿ
ð³âíÿ øóìó íà çîáðàæåííÿõ ÷àñòî äàþòü çíà÷íó ïîõèáêó, à äåÿê³ ìåòîäè ïåðåä-
áà÷àþòü îáðîáëåííÿ çîáðàæåíü ó ðó÷íîìó ðåæèì³, òîìó ðîçðîáëåííÿ ìåòîäó
òî÷íîãî ³ àâòîìàòè÷íîãî âèçíà÷åííÿ ð³âíÿ øóìó íà çîáðàæåííÿõ º âàæëèâîþ
çàäà÷åþ öèôðîâîãî îáðîáëåííÿ ñèãíàë³â.

Ó ö³é ðîáîò³ ðîçãëÿíåìî øóì â ìîäåë³ àäèòèâíîãî á³ëîãî ãàóñîâîãî øóìó
(additive white Gaussian noise — AWGN), îñê³ëüêè òàêà ìîäåëü º äîñèòü ïîøèðå-
íîþ [1, ñ. 336; 2, ñ. 149–161]. Øóì â ìîäåë³ AWGN äàë³ áóäåìî íàçèâàòè ãàóñî-
âèì øóìîì. Ð³âåíü ãàóñîâîãî øóìó âèçíà÷àþòü ñåðåäí³ì êâàäðàòè÷íèì â³äõè-
ëåííÿì (ÑÊÂ) øóìó � N . Ðîçð³çíÿþòü òàê³ îñíîâí³ ìåòîäè îá÷èñëåííÿ ð³âíÿ
øóìó íà çîáðàæåííÿõ: 1) ìåòîä àíàë³çó ã³ñòîãðàì [3, c. 168–171]; 2) ìåòîä, ùî
áàçóºòüñÿ íà ô³ëüòðàö³¿ (filter-based approaches) [4, 5]; 3) ìåòîä ãîëîâíèõ êîìïî-
íåíò³â (principal component analysis — PCA) [4]; 4) ñòàòèñòè÷íèé ìåòîä (statistical
approaches) [4, 6]; 5) ìåòîä àíàë³çó Ôóð’º ñïåêòð³â [3]; 6) ìåòîä, îñíîâàíèé íà âè-
êîðèñòàíí³ âåéâëåò-ïåðåòâîðåíü (wavelet transform) [5]. Âèîêðåìëåíà îáëàñòü
çîáðàæåííÿ, â ìåæàõ ÿêî¿ îá÷èñëþþòü ð³âåíü øóìó, íàçèâàºòüñÿ òàêîæ îáëàñòþ
³íòåðåñó (region of interest — ROI) [3, c. 168–171]. ßê îáëàñòü ROI ìîæíà âèêî-
ðèñòîâóâàòè âñå çîáðàæåííÿ àáî éîãî ÷àñòèíó (íà ÿê³é ïåðåâàæàþòü ä³ëÿíêè ç³
çíà÷íîþ øóìîâîþ ñêëàäîâîþ). Ó ö³é ðîáîò³ âèêîðèñòàíî ìåòîä âèçíà÷åííÿ
ð³âíÿ øóìó [1, 7], ùî áàçóºòüñÿ íà âèñîêî÷àñòîòí³é ô³ëüòðàö³¿ çîáðàæåíü ³ ìàº
âèñîêó òî÷í³ñòü ³ øâèäêîä³þ. Ïðîòå òî÷í³ñòü ìåòîäó âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿,
òàê ñàìî ÿê é ³íøèõ ïåðåë³÷åíèõ ìåòîä³â, çíà÷íî çíèæóºòüñÿ äëÿ çîáðàæåíü
ç ÷³òêèìè êîíòóðàìè ³ ÿñêðàâî âèðàæåíèìè òåêñòóðàìè.

Ó ö³é ñòàòò³ çàïðîïîíîâàíî ðîçâ’ÿçàííÿ îïèñàíî¿ ïðîáëåìè çà ðàõóíîê îá÷èñëåí-
íÿ ð³âíÿ øóìó íà çîáðàæåííÿõ ìåòîäîì âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿ ò³ëüêè â îáëàñòÿõ
³íòåðåñó — ROI. Îñê³ëüêè äî òàêèõ îáëàñòåé íå íàëåæàòü îáëàñò³ çîáðàæåíü ç ÷³òêèìè
êîíòóðàìè ³ ÿñêðàâî âèðàæåíèìè òåêñòóðàìè, çíà÷åííÿ ð³âíÿ øóìó â ìåæàõ ROI îá-
÷èñëþþòüñÿ ç ìåíøîþ ïîõèáêîþ. Òî÷íå âèîêðåìëåííÿ îáëàñòåé ³íòåðåñó âèêîíóþòü
ç óðàõóâàííÿì çì³íè ÑÊÂ ãàóñîâîãî øóìó äëÿ ô³ëüòðàö³¿ çîáðàæåíü. Ïðîãðàìíó
ðåàë³çàö³þ ìåòîäó îá÷èñëåííÿ ð³âíÿ øóìó âèêîíàíî â ñèñòåì³ MATLAB [3].
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Ãóñòèíó ðîçïîä³ëó éìîâ³ðíîñò³ (probability density function — PDF) äëÿ ãàóñî-
âîãî øóìó âèçíà÷àº ôîðìóëà [1, ñ. 335]
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äå z — ÿñêðàâ³ñòü çîáðàæåííÿ, zC — ìàòåìàòè÷íå ñïîä³âàííÿ øóìó, � N —
ÑÊÂ øóìó.

Ïî÷àòêîâå öèôðîâå çîáðàæåííÿ ç øóìîì (ó â³äò³íêàõ ñ³ðîãî) ðîçì³ðîì
M N
 ï³êñåë³â ç÷èòóþòü ó âèãëÿä³ ïðÿìîêóòíî¿ ìàòðèö³ f f i kn n� ( ( , )) , äå
i M�1, ,� , k N�1, ,� (ðèñ. 1, à, á) [3]. Âèñîêî÷àñòîòíó ïðîñòîðîâó ô³ëüòðà-
ö³þ [1, 3] âèêîíóþòü çà äîïîìîãîþ çãîðòêè ïî÷àòêîâîãî çîáðàæåííÿ f n ç âèñîêî-
÷àñòîòíèì ÿäðîì ô³ëüòðà w w m nL L� ( ( , )) ðîçì³ðîì M Nw w
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, (2)

äå f f i kh h� ( ( , )) — ô³ëüòðîâàíå çîáðàæåííÿ (òàêîãî æ ðîçì³ðó, ùî é f n ),
i M�1, ,� , k N�1, ,� ; M w — âèñîòà ÿäðà ô³ëüòðà; N w — øèðèíà ÿäðà ô³ëüò-
ðà; mc — öåíòð ÿäðà ô³ëüòðà çà âèñîòîþ; nc — öåíòð ÿäðà ô³ëüòðà çà øèðèíîþ.

Îïåðàö³þ çãîðòêè çîáðàæåííÿ f n ç ÿäðîì wL ñïðîùåíî çàïèñóþòü ó âèãëÿä³

f f wh n L� � . (3)

Âèñîêî÷àñòîòíèé ô³ëüòð ïîâèíåí âèîêðåìëþâàòè íà çîáðàæåíí³ ãîðèçîíòàëü-
íó, âåðòèêàëüíó ³ ä³àãîíàëüí³ ñêëàäîâ³ øóìó, òîìó çíà÷åííÿ åëåìåíò³â ÿäðà wL âèñî-
êî÷àñòîòíîãî ô³ëüòðà îá÷èñëþþòü ÿê ð³çíèöþ äâîõ ÿäåð Ëàïëàñà [8] çà ôîðìóëîþ
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Ðåçóëüòàòîì çãîðòêè (3) º çîáðàæåííÿ øóìîâî¿ ñêëàäîâî¿ f h (ðèñ. 1, â). Äëÿ
çîáðàæåííÿ f h îá÷èñëþþòü ÑÊÂ � h éîãî ã³ñòîãðàìè h z( ) (ðèñ. 1, ã). Íà ãîðèçîí-
òàëüí³é îñ³ ã³ñòîãðàìè â³äêëàäàºìî çíà÷åííÿ ÿñêðàâîñò³ z, à íà âåðòèêàëüí³é —
â³äíîñíó ê³ëüê³ñòü ï³êñåë³â hb ç³ çíà÷åííÿì ÿñêðàâîñò³, ÿêå ïîòðàïëÿº äî çàäàíîãî
íàï³â³íòåðâàëó z z zb b� � �1, äå b Qh�1, ,� , Qh — ê³ëüê³ñòü íàï³â³íòåðâàë³â,
íà ÿê³ ïîä³ëåíî ÿñêðàâ³ñòü z.

Íà ðèñ. 1 íàâåäåíî ïðèêëàä âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó ìåòîäîì âèñî-
êî÷àñòîòíî¿ ô³ëüòðàö³¿ íà çîáðàæåíí³ øàõîâèõ êë³òèí, äî ÿêîãî ïðîãðàìíî äîäà-
íî ãàóñîâèé øóì ç òåîðåòè÷íèì ÑÊÂ � N � 3 %. Íà ðèñ. 1, à ïîêàçàíî ïî÷àòêîâå
çîáðàæåííÿ f n , ìàðêåðàìè âêàçàíî ïî÷àòîê ³ ê³íåöü ïðîô³ëþ, N M� �128,
min f n � 0.14, max f n � 0.86; ïðîô³ëü ïî÷àòêîâîãî çîáðàæåííÿ f n ³ ïðîô³ëü çîáðà-
æåííÿ øóìîâî¿ ñêëàäîâî¿ f h ïîêàçàíî íà ðèñ. 1, á òà 1, â â³äïîâ³äíî. Íà ðèñ. 1, ã
íàâåäåíî ã³ñòîãðàìó h z( ) çîáðàæåííÿ f h , � h � 0.0295, Qh � 256, hG — ðîçïîä³ë
Ãàóñà, ÿêèé àïðîêñèìóº ã³ñòîãðàìó h z( ).

Îñê³ëüêè íà çîáðàæåíí³ f n º ãàóñîâèé øóì ç ÑÊÂ � N , çíà÷åííÿ êîæíîãî
ï³êñåëÿ çîáðàæåííÿ f n ìîæíà ðîçãëÿäàòè ÿê âèïàäêîâó âåëè÷èíó ç äèñïåðñ³ºþ

D N N
� �

2 . Äèñïåðñ³þ ãàóñîâîãî øóìó äëÿ äîâ³ëüíîãî ï³êñåëÿ çîáðàæåííÿ f h , îò-

ðèìàíîãî â ðåçóëüòàò³ çãîðòêè f n ç ÿäðîì wL (ðîçì³ðîì M Nw w
 åëåìåíò³â) çà
ôîðìóëîþ (2), îá÷èñëèìî ÿê äèñïåðñ³þ D NC ñåðåäíüîãî àðèôìåòè÷íîãî
M Nw w
 îäíàêîâî ðîçïîä³ëåíèõ âçàºìíî íåçàëåæíèõ âèïàäêîâèõ âåëè÷èí
f i kn ( , )1 1 , ÿê³ ïîìíîæåíî íà â³äïîâ³äí³ åëåìåíòè ÿäðà w m nL ( , ). Òîä³ äèñïåðñ³þ
D NC çîáðàæåííÿ f h îá÷èñëþºìî òàê:
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äå D N — äèñïåðñ³ÿ êîæíî¿ ç âèïàäêîâèõ âåëè÷èí f i kn ( , )1 1 , D D f i kN n� ( ( , ))1 1 ,
i i m mc1 � � � , k k n nc1 � � � . Ó ôîðìóë³ (5) âèêîðèñòàíî òàê³ âëàñòèâîñò³ äèñ-
ïåðñ³¿: ïîñò³éíèé ìíîæíèê ìîæíà âèíåñòè çà çíàê äèñïåðñ³¿, ÿêùî ï³äíåñòè
éîãî äî êâàäðàòà; äèñïåðñ³ÿ ñóìè íåçàëåæíèõ âåëè÷èí äîð³âíþº ñóì³ äèñ-
ïåðñ³¿ ñêëàäîâèõ [9, c. 85–98]. Âðàõîâóþ÷è (5), îá÷èñëèìî ÑÊÂ ãàóñîâîãî
øóìó �NC äëÿ çîáðàæåííÿ f h :
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Çíà÷åííÿ ÑÊÂ ãàóñîâîãî øóìó � NC íà çîáðàæåíí³ f h äîð³âíþº ÑÊÂ � h
éîãî ã³ñòîãðàìè, òîìó ç óðàõóâàííÿì (6) åêñïåðèìåíòàëüíå çíà÷åííÿ ÑÊÂ
øóìó � NE (%), îòðèìàíå âèñîêî÷àñòîòíîþ ô³ëüòðàö³ºþ, îá÷èñëþºìî ÷åðåç ÑÊÂ � h :
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Äëÿ ÿäðà wL, ÿêå îïèñàíî ôîðìóëîþ (4), çíà÷åííÿ � NE ç óðàõóâàííÿì ôîð-
ìóëè (7) ìàº âèãëÿä

� �NE h�100 . (8)

Îïèñàíó ïîñë³äîâí³ñòü îá÷èñëåííÿ ð³âíÿ øóìó �NE ìîæíà çàñòîñîâóâàòè ÿê
äëÿ âñüîãî çîáðàæåííÿ, òàê ³ äëÿ âèîêðåìëåíèõ îáëàñòåé ROI.
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Íà çîáðàæåíí³ øóìîâî¿ ñêëàäîâî¿ f h (äèâ. ðèñ. 1, â) äëÿ çìåíøåííÿ ïîõèáêè îá÷èñ-
ëåííÿ ð³âíÿ øóìó ïîòð³áíî âèëó÷èòè ³ç ROI îáëàñò³ êîíòóð³â ³ òåêñòóð. Äåòåêòóâàí-
íÿ îáëàñòåé ROI ïåðåäáà÷àº ïðîñòîðîâå óñåðåäíåííÿ ð³âíÿ øóìó íà çîáðàæåíí³ f h ,
äëÿ ÷îãî ñïî÷àòêó îá÷èñëþºìî çîáðàæåííÿ f d ÿê àáñîëþòíó âåëè÷èíó f h ,

f fd h� | | , (9)



à ïîò³ì âèêîíóºìî çãîðòêó çîáðàæåííÿ f d ç ÿäðîì ô³ëüòðà Ãàóñà ç ÑÊÂ � wG .
Ó ðåçóëüòàò³ òàêîãî îáðîáëåííÿ îòðèìóºìî óñåðåäíåíå çîáðàæåííÿ ð³âíÿ
øóìó f dc (ðèñ. 2, à):

f f wdc d G� � . (10)

Íà ðèñ. 2 íàâåäåíî ïðèêëàä âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó çàïðîïîíîâàíèì

ìåòîäîì íà çîáðàæåíí³ (äèâ. ðèñ. 1, à). Íà ðèñ. 2, à ïîêàçàíî ïðîô³ë³ çîáðàæåííÿ f d

òà óñåðåäíåíîãî çîáðàæåííÿ ð³âíÿ øóìó f dc , Th = 0.0286 — ïîð³ã f dc , zC � 0.0237 —

ìàòåìàòè÷íå ñïîä³âàííÿ f dc , ÑÊÂ ÿäðà ô³ëüòðà Ãàóñà � wG � 4. Íà íà ðèñ. 2, á íàâå-

äåíî çîáðàæåííÿ f ROI îáëàñò³ ROI (÷îðí³ îáëàñò³ íå íàëåæàòü ROI) äëÿ ³òåðàö³¿

nT � 1, Th � 0.0286, AROI � 0.9772, à íà ðèñ. 2, â — çîáðàæåííÿ f ROI îáëàñò³ ROI

äëÿ ³òåðàö³¿ nT � 3, AROI — â³äíîñíà ïëîùà îáëàñò³ ROI, ÿêà äîð³âíþº 0.9298,

Th � 0.0273. Íà ðèñ. 2, ã ïîêàçàíî ãðàô³ê ³òåðàö³éíîãî óòî÷íåííÿ � h � 0.0288 çàëåæ-

íî â³ä íîìåðó ³òåðàö³¿ nT , åêñïåðèìåíòàëüíèé ð³âåíü øóìó � NE � 2.93 %.

Äî îáëàñò³ ROI íàëåæàòü ò³ëüêè ò³ ï³êñåë³ çîáðàæåííÿ f h , äëÿ ÿêèõ çíà÷åííÿ
â³äïîâ³äíîãî ï³êñåëÿ f dc íå ïåðåâèùóº âñòàíîâëåíîãî ïîðîãà Th (äèâ. ðèñ. 2, á).
Íàëåæí³ñòü ï³êñåë³â äî îáëàñò³ ROI çàïèñóºìî ó ìàòðèö³ f ROI ³ âèçíà÷àºìî çà òà-
êèì ïðàâèëîì:

f i k
f i k T

f i k T
ROI

dc h

dc h

( , )
, ( , ) ,

, ( , ) ,
�

�

�

�
�
�

1

0
(11)

äå i M�1, ,� , k N�1, ,� , Th — ïîð³ã îáëàñò³ ROI.

Ïî÷àòêîâå çíà÷åííÿ � h îá÷èñëþþòü äëÿ âñüîãî çîáðàæåííÿ f h , çàäàíîãî íà
ðèñ. 1, ã, à ï³ñëÿ îá÷èñëåííÿ îáëàñò³ ROI — ò³ëüêè ç óðàõóâàííÿì ï³êñåë³â, ÿê³ íà-
ëåæàòü ROI (äèâ. ðèñ. 2, á).

Ïîð³ã Th , ÿêèé âèçíà÷àº íàëåæí³ñòü ï³êñåëÿ äî ROI, îá÷èñëþºòüñÿ çà ôîðìóëîþ

T z kh C Th fdc� � �� � , (12)

äå zC — ìàòåìàòè÷íå ñïîä³âàííÿ çîáðàæåííÿ f dc; � fdc — ñåðåäíº êâàäðàòè÷-
íå â³äõèëåííÿ f dc; k Th� — êîåô³ö³ºíò ïîðîãà.

Ìàòåìàòè÷íå ñïîä³âàííÿ zC çîáðàæåííÿ f dc îá÷èñëþþòü ÿê ñåðåäíº àðèô-
ìåòè÷íå â³äõèëåííÿ [10, c. 576–578] äëÿ ðîçïîä³ëó ³íòåíñèâíîñò³ çîáðàæåííÿ f h .

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2018, òîì 54, ¹ 4 167

Ðèñ. 2
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Îñê³ëüêè íà çîáðàæåíí³ f h ïåðåâàæàº ãàóñîâèé øóì ç ÑÊÂ � h , òîìó ç

óðàõóâàííÿì (7) ìàºìî

z w m nC L
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h h

ww
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0 7982
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Çíà÷åííÿ ÑÊÂ � fdc çîáðàæåííÿ f dc îá÷èñëþþòü çà ôîðìóëîþ, àíàëîã³÷íîþ
ôîðìóë³ (6), ó ÿê³é íåâ³äîìå çíà÷åííÿ ÑÊÂ øóìó � N çàì³íåíî íà éîãî íàáëè-
æåííÿ � h :

� �fdc h G
n

N

m

M

w m n
ww

�
��


 2

11

( , ) . (14)

Çíà÷åííÿ êîåô³ö³ºíòà ïîðîãà k Th� âèáðàíî òàê, ùîá ó çîáðàæåíí³ f dc á³ëü-
ø³ñòü çíà÷åíü øóìó áóëè ìåíøèìè çà ïîð³ã Th (äèâ. (12)). Çà ïðàâèëîì 3�

äëÿ k Th� � 3 ïðàêòè÷íî âñ³ çíà÷åííÿ ãàóñîâîãî øóìó (á³ëüø³ í³æ 99.7 %) [9]
áóäóòü ìåíøèìè çà ïîð³ã Th .

Ðåçóëüòàòè âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó ó ñåð³¿ òåñòîâèõ çîáðàæåíü

ç íèçüêî÷àñòîòíèì òà âèñîêî÷àñòîòíèì êîðèñíèìè ñèãíàëàìè [11, 12], äî ÿêèõ

ïîïåðåäíüî ïðîãðàìíî äîäàâàâñÿ ãàóñîâèé øóì ç ÑÊÂ � N , ïîêàçàëè, ùî

ì³í³ìàëüíó ñåðåäíþ êâàäðàòè÷íó ïîõèáêó îá÷èñëåííÿ åêñïåðèìåíòàëüíîãî ÑÊÂ

øóìó � NE (â³äíîñíî � N ) îòðèìàíî ç òàêèìè ïàðàìåòðàìè.

1. Çíà÷åííÿ ÑÊÂ ÿäðà ô³ëüòðà Ãàóñà � wG � 4 äëÿ çãîðòêè çîáðàæåííÿ f d
(äèâ. ðèñ. 2, à).

2. Ïîð³ã Th îáëàñò³ ROI îá÷èñëþþòü çà ôîðìóëîþ (12) äëÿ çíà÷åííÿ êîå-

ô³ö³ºíòà ïîðîãà k Th� � 2.0 ³ ÑÊÂ ÿäðà ô³ëüòðà Ãàóñà � wG � 4; òîìó ôîðìóëà (12)

ç óðàõóâàííÿì (13) ³ (14) íàáóâàº âèãëÿäó

Th h h h� � � �0 798 2 0 0 0940. . . .� � �071 . (15)

3. Åêñïåðèìåíòàëüíå ÑÊÂ øóìó � NE (ó â³äñîòêàõ) îá÷èñëþþòü ÷åðåç ÑÊÂ � h
çà óòî÷íåíîþ ôîðìóëîþ (8):

� � �
NE h

k h� �( )100 , (16)

äå k h� � 1.018 — êîåô³ö³ºíò íåë³í³éíîñò³ � h ; öåé êîåô³ö³ºíò âðàõîâóº òîé
ôàêò, ùî íà çîáðàæåíí³ f h ì³ñòèòüñÿ íå âñÿ øóìîâà ñêëàäîâà, à öå ïðèçâî-
äèòü äî çìåíøåííÿ � h .

Âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó íà çîáðàæåííÿõ çàïðîïîíîâàíèì ìåòîäîì

â³äáóâàºòüñÿ çà àëãîðèòìîì, íàâåäåíèì íà ðèñ. 3.

Ñïî÷àòêó ç÷èòóþòü ïî÷àòêîâå çîáðàæåííÿ f n ³ ñòâîðþþòü ÿäðî wL âèñîêî÷àñòîò-

íîãî ô³ëüòðà. Íà îñíîâ³ f n îá÷èñëþþòü çîáðàæåííÿ øóìîâî¿ ñêëàäîâî¿ f h òà ¿¿ ìîäóëÿ

f d çà ôîðìóëàìè (3) ³ (9) â³äïîâ³äíî. Óñåðåäíåíå çîáðàæåííÿ ð³âíÿ øóìó f dc îá÷èñëþ-

þòü øëÿõîì çãîðòêè çîáðàæåííÿ f d ç ÿäðîì ô³ëüòðà Ãàóñà wG (10). Äëÿ çîáðàæåííÿ f h
îá÷èñëþþòü ÑÊÂ � h éîãî ã³ñòîãðàìè h z( ). Äàë³ â öèêë³ ç ë³÷èëüíèêîì nT â³äáóâàºòüñÿ

ïðîöåñ óòî÷íåííÿ îáëàñò³ ROI òà â³äïîâ³äíîãî ¿é ÑÊÂ � h çîáðàæåííÿ f h . Äëÿ êîæíî¿

³òåðàö³¿ îá÷èñëþþòü ïîð³ã Th (15). Íà îñíîâ³ ïîðîãà ³ óñåðåäíåíîãî çîáðàæåííÿ ð³âíÿ

øóìó f dc îá÷èñëþþòü çîáðàæåííÿ îáëàñò³ ROI, äå ôóíêö³þ �1 îïèñàíî ôîðìó-

ëîþ (11). ßêùî çì³íà � h äëÿ ³òåðàö³¿ nT â³äíîñíî ïîïåðåäíüîãî çíà÷åííÿ

� h Tn( )�1 íå ïåðåâèùóº êîíñòàíòè � �h (íàïðèêëàä, � �h � 0.004), òî ïðîöåñ

óòî÷íåííÿ � h çàâåðøóºòüñÿ. Åêñïåðèìåíòàëüíå çíà÷åííÿ ÑÊÂ øóìó �NE îá÷èñ-

ëþþòü ÷åðåç óòî÷íåíå ÑÊÂ � h , äå ôóíêö³þ � 2 âèçíà÷àº ôîðìóëà (16).

Çà ñõåìîþ, ÿêà íàâåäåíà íà ðèñ. 3, âèçíà÷åíî ð³âåíü ãàóñîâîãî øóìó íà çîáðà-

æåíí³ f n (äèâ. ðèñ. 1, à); â ðåçóëüòàò³ îòðèìàíî óòî÷íåíå çîáðàæåííÿ îáëàñò³ ROI,

à òàêîæ çíà÷åííÿ � h òà �NE (äèâ. ðèñ. 2). Îá÷èñëåíå çíà÷åííÿ ð³âíÿ øóìó �NE
áëèçüêå äî òåîðåòè÷íîãî � N (ð³çíèöÿ ñêëàäàº 0.07 %).
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ÒÅÑÒÓÂÀÍÍß ÐÎÇÐÎÁËÅÍÎÃÎ ÌÅÒÎÄÓ ÂÈÇÍÀ×ÅÍÍß
Ð²ÂÍß ÃÀÓÑÎÂÎÃÎ ØÓÌÓ

Ïåðåâ³ðêó òî÷íîñò³ ðîçðîáëåíîãî ìåòîäó HROI (high-frequency filtration & region

of interest) âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó, ÿêèé áàçóºòüñÿ íà âèñîêî÷àñòîòí³é

ô³ëüòðàö³¿ òà âèîêðåìëåíí³ îáëàñò³ ³íòåðåñó, ïðîâåäåíî ï³ä ÷àñ îá÷èñëåííÿ åêñïå-

ðèìåíòàëüíîãî ÑÊÂ �NE øóìó ó ñåð³¿ çîáðàæåíü. Çàïðîïîíîâàíèé ìåòîä çàáåç-

ïå÷óº âèñîêó òî÷í³ñòü âèçíà÷åííÿ ð³âíÿ øóìó íàâ³òü ó çîáðàæåííÿõ ç òåêñòóðà-

ìè. Íà ðèñ. 4 íàâåäåíî ïðèêëàä âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó çàïðîïîíîâà-

íèì ìåòîäîì HROI íà ôðàãìåíò³ çîáðàæåíí³ «Mountain» [11, 12] ç òåêñòóðàìè,

äî ÿêîãî ïðîãðàìíî äîäàíî ãàóñîâèé øóì ç òåîðåòè÷íèì ÑÊÂ �N � 3 %.

Íà ðèñ. 4, à ïîêàçàíî ïî÷àòêîâå çîáðàæåííÿ f n , N M� � 208; min f n � � 0.016,

max f n � 1.071. Íà ðèñ. 4, á ïîêàçàíî çîáðàæåííÿ f ROI îáëàñò³ ROI äëÿ ³òåðàö³¿

nT � 1, Th � 0.0550, AROI � 0.7449, à íà ðèñ. 4, â — çîáðàæåííÿ f ROI îáëàñò³

ROI äëÿ ³òåðàö³¿ nT � 8, Th � 0.0265, AROI � 0.1819. Íà ðèñ. 4, ã íàâåäåíî ãðàô³ê

³òåðàö³éíîãî óòî÷íåííÿ � h çàëåæíî â³ä íîìåðó ³òåðàö³¿ nT , � h � 0.0282, åêñïåðè-

ìåíòàëüíèé ð³âåíü øóìó �NE � 2.88 %.

Äëÿ á³ëüøîñò³ çîáðàæåíü, ÿê³ íå ì³ñòÿòü ÿñêðàâî âèðàæåíèõ òåêñòóð, îá÷èñ-

ëåí³ çàïðîïîíîâàíèì ìåòîäîì çíà÷åííÿ ÑÊÂ øóìó �NE ïðàêòè÷íî íå â³äð³çíÿ-

þòüñÿ â³ä òåîðåòè÷íèõ �N . Íà ðèñ. 5 íàâåäåíî ðåçóëüòàòè âèçíà÷åííÿ åêñïåðèìåí-

òàëüíîãî ÑÊÂ �NE ãàóñîâîãî øóìó çàïðîïîíîâàíèì ìåòîäîì HROI äëÿ òåñòîâî¿

ìíîæèíè áàçè BSDS300 (100 çîáðàæåíü) [11, 12], äî ÿêèõ ïðîãðàìíî äîäàíî ãàóñî-

âèé øóì ç òåîðåòè÷íèìè ÑÊÂ �N (1, 5, 10, 15 %); ni — íîìåð çîáðàæåííÿ â áàç³,

íîìåðó ni � 28 â³äïîâ³äàº çîáðàæåííÿ «gravel»; �NE1 — åêñïåðèìåíòàëüí³ çíà÷åí-

íÿ ÑÊÂ øóìó äëÿ �N � 1 %; �NE5 — äëÿ �N � 5 %; �NE10 — äëÿ �N � 10 %;

�NE15 — äëÿ �N �15 %. Íàéá³ëüøó ïîõèáêó îá÷èñëåííÿ �NE îòðèìàíî äëÿ

çîáðàæåííÿ ç íîìåðîì 28, îñê³ëüêè ìàéæå íà âñ³é éîãî ïëîù³ º òåêñòóðè, ïîä³áí³
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Ðèñ. 3



äî øóìó. Íà ðèñ. 6 íàâåäåíî ïðèêëàä âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó çàïðîïî-

íîâàíèì ìåòîäîì HROI íà çîáðàæåíí³ «gravel» [11, 12] ç ÿñêðàâî âèðàæåíèìè

òåêñòóðàìè, äî ÿêîãî ïðîãðàìíî äîäàíî ãàóñîâèé øóì ç òåîðåòè÷íèì ÑÊÂ

� N � 3 %. Íà ðèñ. 6, à ïîêàçàíî ïî÷àòêîâå çîáðàæåííÿ f n , N � 481,

min f n � 0.070, M � 321, max f n � 1.090. Íà ðèñ. 6, á ïîêàçàíî çîáðàæåííÿ f ROI

îáëàñò³ ROI äëÿ îñòàííüî¿ ³òåðàö³¿ nT �10, Th � 0.0403, AROI � 0.2668; åêñïåðè-

ìåíòàëüíèé ð³âåíü øóìó � NE � 4.38 %.
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Ó òàáë. 1 íàâåäåíî ðåçóëüòàòè âèçíà÷åííÿ åêñïåðèìåíòàëüíîãî ÑÊÂ �NE (%)

ãàóñîâîãî øóìó ñòàòèñòè÷íèì ìåòîäîì (statistical approaches) [6], ìåòîäîì PCAP

(ìåòîäîì ãîëîâíèõ êîìïîíåíò ç ñåëåêòèâíèìè îáëàñòÿìè, PCA with selected

patches) [4] òà çàïðîïîíîâàíèì ìåòîäîì HROI (äèâ. ðèñ. 5) äëÿ òåñòîâî¿ ìíîæèíè

(100 çîáðàæåíü) áàçè BSDS300 [11, 12], äî ÿêèõ ïðîãðàìíî äîäàíî ãàóñîâèé øóì

ç òåîðåòè÷íèì ÑÊÂ � N ; � NEA — ñåðåäíº çíà÷åííÿ � NE ; R MSE — êîð³íü ñåðåä-

íüî¿ êâàäðàòè÷íî¿ ïîìèëêè (root mean square error — RMSE), ÿêà îá÷èñëåíà ì³æ

çíà÷åííÿìè �NE òà �N (äëÿ âñ³õ çîáðàæåíü).

Ðåçóëüòàòè ïîêàçóþòü, ùî ïîõèáêà R MSE çàïðîïîíîâàíîãî ìåòîäó HROI íà
ïîðÿäîê ìåíøà çà ïîõèáêó ñòàòèñòè÷íîãî ìåòîäó ³ íà 0.057 % ìåíøà çà ïîõèáêó
ìåòîäó PCAP. Çàïðîïîíîâàíèé ìåòîä òàêîæ ïîêàçàâ âèñîêó çá³æí³ñòü — äëÿ âè-
îêðåìëåííÿ îáëàñò³ ROI ïîòð³áíî â ñåðåäíüîìó ñ³ì ³òåðàö³é.

ÂÈÑÍÎÂÊÈ

— Ðîçðîáëåíî ìåòîä àâòîìàòè÷íîãî âèçíà÷åííÿ ð³âíÿ øóìó íà öèôðîâèõ çîá-
ðàæåííÿõ, à ñàìå ÑÊÂ �NE ãàóñîâîãî øóìó. Ìåòîä ïîëÿãàº ó âèñîêî÷àñòîòí³é
ô³ëüòðàö³¿ çîáðàæåííÿ, âèîêðåìëåíí³ îáëàñò³ ROI ç ïåðåâàæàþ÷îþ øóìîâîþ
ñêëàäîâîþ, â îá÷èñëþâàíí³ ã³ñòîãðàìè âèîêðåìëåíî¿ îáëàñò³, ñåðåäíüîãî êâàä-
ðàòè÷íîãî â³äõèëåííÿ � h ã³ñòîãðàìè òà â ðîçðàõóíêó ð³âíÿ øóìó �NE íà
îñíîâ³ çíà÷åííÿ � h .

— Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü ô³ëüòðàö³¿ çîáðàæåíü ç ãàóñîâèì øó-
ìîì, ÿêà äîçâîëèëà âðàõîâóâàòè çì³íó ÑÊÂ ãàóñîâîãî øóìó â ðåçóëüòàò³ çãîðòêè
çîáðàæåííÿ ç ÿäðàìè âèñîêî÷àñòîòíîãî òà íèçüêî÷àñòîòíîãî ô³ëüòð³â.

— Íîâèçíà ðîáîòè ïîëÿãàº ó âèêîðèñòàíí³ äâîâèì³ðíî¿ ôóíêö³¿ Ãàóñà ç ÑÊÂ
� wG � 4 ÿê íèçüêî÷àñòîòíîãî ô³ëüòðà äëÿ âèîêðåìëåííÿ îáëàñòåé ROI, à òàêîæ â îò-
ðèìàíí³ åìï³ðè÷íî¿ ôîðìóëè (15), ùîá îá÷èñëèòè ïîð³ã äëÿ âèîêðåìëåííÿ îáëàñòåé
ROI. Òàêèì ÷èíîì çàáåçïå÷óºòüñÿ ì³í³ìàëüíà ïîõèáêà îá÷èñëåííÿ ð³âíÿ øóìó �NE .

— Çàïðîïîíîâàíèé ìåòîä ïðîãðàìíî ðåàë³çîâàíî â ñèñòåì³ MATLAB. Òî÷í³ñòü
ìåòîäó ïåðåâ³ðåíî ï³ä ÷àñ îáðîáëåííÿ ìíîæèíè 100 òåñòîâèõ çîáðàæåíü, äî òîãî æ
êîð³íü ñåðåäíüî¿ êâàäðàòè÷íî¿ ïîìèëêè îá÷èñëåííÿ �NE äîð³âíþº 0.217 %, ùî íà
0.057 % ìåíøå, í³æ äëÿ íàéêðàùîãî ìåòîäó-àíàëîãó PCAP.
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Òåîðåòè÷íå
çíà÷åííÿ � N , %

Ñòàòèñòè÷íèé ìåòîä [6] Ìåòîä PCAP
Çàïðîïîíîâàíèé ìåòîä

HROI

� NEA RMSE � NEA RMSE � NEA RMSE

1 2.151 2.011 1.068 0.304 1.019 0.189

5 4.994 1.445 5.022 0.263 5.012 0.212

10 9.737 1.61 10.052 0.264 10.027 0.231

15 14.626 1.634 15.035 0.264 14.994 0.233

Ñåðåäíº çíà÷åííÿ

1…15
1.688 0.274 0.217
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Ñ.Â. Áàëîâñÿê, Õ.Ñ. Îäàéñêàÿ
ÀÂÒÎÌÀÒÈ×ÅÑÊÎÅ ÎÏÐÅÄÅËÅÍÈÅ ÓÐÎÂÍß ÃÀÓÑÑÎÂÎÃÎ ØÓÌÀ
ÍÀ ÖÈÔÐÎÂÛÕ ÈÇÎÁÐÀÆÅÍÈßÕ ÌÅÒÎÄÎÌ ÂÛÑÎÊÎ×ÀÑÒÎÒÍÎÉ
ÔÈËÜÒÐÀÖÈÈ ÄËß ÂÛÄÅËÅÍÍÛÕ ÎÁËÀÑÒÅÉ

Àííîòàöèÿ. Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü, àëãîðèòì è ïðîãðàììíîå
îáåñïå÷åíèå äëÿ àâòîìàòè÷åñêîãî îïðåäåëåíèÿ óðîâíÿ ãàóñcîâîãî øóìà íà
öèôðîâûõ èçîáðàæåíèÿõ ìåòîäîì âûñîêî÷àñòîòíîé ôèëüòðàöèè. Óðîâåíü
øóìà âû÷èñëåí äëÿ îáëàñòåé èíòåðåñà èçîáðàæåíèÿ, âûäåëåííûõ ñ ïî-
ìîùüþ íèçêî÷àñòîòíîé ôèëüòðàöèè. Ïîëó÷åíû îïòèìàëüíûå ïàðàìåòðû
íèçêî÷àñòîòíîãî è âûñîêî÷àñòîòíîãî ôèëüòðîâ. Ïîêàçàíî, ÷òî ïðè îáðàáîò-
êå ñåðèè òåñòîâûõ èçîáðàæåíèé ïðåäëîæåííûé ìåòîä îáåñïå÷èâàåò ìåíü-
øóþ ïîãðåøíîñòü îïðåäåëåíèÿ óðîâíÿ øóìà, ÷åì äðóãèå ìåòîäû-àíàëîãè.

Êëþ÷åâûå ñëîâà: öèôðîâàÿ îáðàáîòêà èçîáðàæåíèé, îïðåäåëåíèå óðîâíÿ
øóìà, àääèòèâíûé áåëûé ãàóññîâûé øóì, ñâåðòêà, âûñîêî÷àñòîòíàÿ ôèëüò-
ðàöèÿ, îáëàñòü èíòåðåñà.

S.V. Balovsyak, Kh.S. Odaiska
AUTOMATIC DETERMINATION OF GAUSSIAN NOISE LEVEL ON DIGITAL IMAGES
BY THE METHOD OF HIGH-PASS FILTRATION FOR THE SELECTED REGIONS

Abstract. A mathematical model, algorithm, and software are developed for
automatic determination of Gaussian noise level on digital images by the method
of high-pass filtration. The noise level is calculated for the regions of interest of
image, selected by low-pass filtration. The optimal parameters of low-pass and
high-pass filters are obtained. Processing a series of test images showed that the
proposed method provides the less error of noise level determination than other
analogues methods do.

Keywords: digital image processing, determination of noise level, additive white
Gaussian noise, convolution, high-pass filtration, region of interest.
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