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Ââåäåíèå

Çàäà÷à øóìîïîäàâëåíèÿ � îäíà èç âàæíåéøèõ îòêðûòûõ çàäà÷
â îáëàñòè îáðàáîòêè èçîáðàæåíèé. Îñíîâíóþ ñëîæíîñòü â äàííîé
çàäà÷å ïðåäñòàâëÿåò îòäåëåíèå ïîëåçíîé èíôîðìàöèè îò øóìà. Â
äàííîé îáëàñòè áûëî ïðîâåäåíî ìíîæåñòâî èññëåäîâàíèé. Ïðîñòåéøèå
àëãîðèòìû èñïîëüçóþò ïðåäïîëîæåíèå î ïðåèìóùåñòâåííîé
ëîêàëèçàöèè øóìà â îáëàñòè âûñîêèõ ÷àñòîò è îñíîâàíû íà ÷àñòîòíîé
ôèëüòðàöèè, íàïðèìåð: ôèëüòð Ãàóññà [1], âèíåðîâñêàÿ
ôèëüòðàöèÿ [2], ôèëüòðàöèÿ ñ èñïîëüçîâàíèåì
âåéâëåò-ïðåîáðàçîâàíèÿ [3]. Áîëåå ñëîæíûå àëãîðèòìû èñïîëüçóþò
àíèçîòðîïíóþ äèôôóçèþ [4], ìèíèìèçàöèþ ïîëíîé âàðèàöèè [5].
Îäíàêî, âñå ýòè âèäû ôèëüòðàöèè ìîãóò ïðèâåñòè ê ïîòåðå
âûñîêî÷àñòîòíûõ äåòàëåé è ðàçìûòèþ òåêñòóð íà èçîáðàæåíèè, ÷òî
âëå÷¼ò çà ñîáîé íåîáõîäèìîñòü â ðàçðàáîòêå àëãîðèòìîâ, íàöåëåííûõ
íà áîëåå ñîâåðøåííîå ðàçäåëåíèå øóìà è ïîëåçíîé èíôîðìàöèè.

Â ðàáîòå [6] ïðåäëàãàåòñÿ óñðåäíÿòü íå îäèí áëîê, à íàõîäèòü
ïîäîáíûå åìó áëîêè ïî âñåìó èçîáðàæåíèþ. Èäåÿ îñíîâàíà íà òîì, ÷òî
øóì ñëó÷àåí, òîãäà êàê ôðàãìåíòû äåòàëåé ïîõîæè. Óñðåäíÿÿ
ïîõîæèå áëîêè, ìîæíî ñíèçèòü øóì, ñîõðàíèâ äåòàëè, ÷òî ïîâûøàåò
êà÷åñòâî âîññòàíîâëåíèÿ èçîáðàæåíèÿ. Íà îñíîâå äàííîé èäåè áûëè
ïðåäëîæåíû ìåòîäû, òàêèå êàê BM3D [7], LSSC [8] è NCSR [9].

Óñðåäíåíèå ïîõîæèõ áëîêîâ ìîæåò áûòü íåýôôåêòèâíî,
íàïðèìåð, åñëè âõîäíûå äàííûå ñèëüíî çàøóìëåíû. Îäíèì èç
âàðèàíòîâ ðåøåíèÿ äàííîé ïðîáëåìû ÿâëÿåòñÿ ðàçëîæåíèå áëîêîâ ïî
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íåêîòîðîìó áàçèñó, íàïðèìåð, ñ ïîìîùüþ äèñêðåòíîãî êîñèíóñíîãî
ïðåîáðàçîâàíèÿ [10]. Äðóãèì âàðèàíòîì ÿâëÿåòñÿ ñîñòàâëåíèå
ìàòðèöû èç áëîêîâ èçîáðàæåíèÿ è ïðèìåíåíèå ñèíãóëÿðíîãî
ðàçëîæåíèÿ [11]. Âûäåëåíèå èç íå¼ ãëàâíûõ õàðàêòåðèñòèê
ñïîñîáñòâóåò íàõîæäåíèþ ñâîéñòâåííûõ ýòèì áëîêàì îñîáåííîñòåé.

Ñóùåñòâåííóþ ñëîæíîñòü ïðè ïîäàâëåíèè øóìà íà
èçîáðàæåíèÿõ ïðåäñòàâëÿåò àâòîìàòè÷åñêèé âûáîð àäåêâàòíûõ
ïàðàìåòðîâ øóìîïîäàâëåíèÿ. Îäíèì èç ñïîñîáîâ ðåøåíèÿ äàííîé
ïðîáëåìû ÿâëÿåòñÿ ñáîð ñòàòèñòèêè ïî îïòèìàëüíûì ïàðàìåòðàì äëÿ
áàç èçîáðàæåíèé ñ ìîäåëèðîâàííûì øóìîì è íàõîæäåíèå çàâèñèìîñòè
ìåæäó óðîâíåì øóìà è îïòèìàëüíûìè ïàðàìåòðàìè. Äàííûé ïîäõîä
òðåáóåò ïðåäâàðèòåëüíîé îöåíêè óðîâíÿ øóìà. Àëüòåðíàòèâîé
äàííîìó ïîäõîäó ÿâëÿåòñÿ îöåíêà ñàìîãî ðåçóëüòàòà øóìîïîäàâëåíèÿ.
Ìåòîäû [12], [13] îöåíèâàþò êà÷åñòâî èçîáðàæåíèÿ â öåëîì íà îñíîâå
ëîêàëüíûõ ñòàòèñòèê èëè àíàëèçà ÷àñòîò [14]. Â ìåòîäå [15]
ïðîâîäèòñÿ àíàëèç ñòðóêòóð íà ðàçíîñòíîì èçîáðàæåíèè ìåæäó
èñõîäíûì çàøóìë¼ííûì èçîáðàæåíèåì è ðåçóëüòàòîì
øóìîïîäàâëåíèÿ.

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ çàäà÷à àâòîìàòè÷åñêîãî
âûáîðà ïàðàìåòðîâ øóìîïîäàâëåíèÿ èçîáðàæåíèé äëÿ àëãîðèòìà,
îñíîâàííîãî íà èñïîëüçîâàíèè ñèíãóëÿðíîãî ðàçëîæåíèÿ è
ìèíèìèçàöèè âçâåøåííîé ÿäåðíîé íîðìû [11]. Ñðàâíèâàþòñÿ
ðåçóëüòàòû øóìîïîäàâëåíèÿ ïðè îïòèìàëüíîì âûáîðå ïàðàìåòðîâ è
ïðè âûáîðå ïàðàìåòðîâ ñ èñïîëüçîâàíèåì êîýôôèöèåíòà âçàèìíîé
èíôîðìàöèè, à òàêæå ñ ðåçóëüòàòàìè øóìîïîäàâëåíèÿ ñ ïîìîùüþ
àëãîðèòìà, îñíîâàííîãî íà äèôôóçèè Ïåðîíà-Ìàëèêà.

Øóìîïîäàâëåíèå ñ èñïîëüçîâàíèåì âçâåøåííîé ÿäåðíîé íîðìû

Ðàññìîòðèì àëãîðèòì ÿäåðíîé íîðìû, îñíîâàííûé íà íàõîæäåíèè
ïîõîæèõ áëîêîâ è èçâëå÷åíèè èõ íèõ ïîëåçíîé èíôîðìàöèè.

Ïóñòü èçîáðàæåíèå u ðàçáèòî íà ìíîæåñòâî áëîêîâ uj îäèíàêîâîãî
ðàçìåðà ñm ïèêñåëåé â áëîêå. Äëÿ áëîêà uj ìû ìîæåì íàéòè ïîõîæèå íà
íåãî áëîêè ïî âñåìó èçîáðàæåíèþ ñ èñïîëüçîâàíèåì ìåòðèêè `1 èëè `2. Â
ñëó÷àå ñèëüíî çàøóìë¼ííûõ èçîáðàæåíèé ïðè âû÷èñëåíèè ðàññòîÿíèé
ìîæåò áûòü èñïîëüçîâàíî ïðåäâàðèòåëüíîå øóìîïîäàâëåíèå [16].

Ïåðâûå n íàèáîëåå áëèçêèõ ïî ìåòðèêå áëîêîâ îáðàçóþò ìàòðèöó
Yj, êîòîðàÿ ìîæåò áûòü ïðåäñòàâëåíà â âèäå ñóììû:

Y = X +N,

ãäå X � ïîëåçíàÿ èíôîðìàöèÿ, N � øóì.
Äëÿ ëþáîé ìàòðèöû A ∈ Cm×n èìååò ìåñòî ñèíãóëÿðíîå

ðàçëîæåíèå
A = UΣV ∗

ãäå U ∈ Cm×m, V ∈ Cn×n � óíèòàðíûå ìàòðèöû, Σ ∈ Rm×n �
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äèàãîíàëüíàÿ ìàòðèöà ñ ýëåìåíòàìè σi ≥ 0 � ñèíãóëÿðíûìè ÷èñëàìè.
Äëÿ ëþáîé ìàòðèöû A äèàãîíàëüíàÿ ìàòðèöà Σ îïðåäåëåíà
îäíîçíà÷íî. ×èñëî íåíóëåâûõ ñèíãóëÿðíûõ ÷èñåë σi ðàâíî ðàíãó
ìàòðèöû A, à ñàìè ñèíãóëÿðíûå ÷èñëà ÿâëÿþòñÿ êîðíÿìè èç
ñîáñòâåííûõ çíà÷åíèé íåîòðèöàòåëüíî îïðåäåë¼ííîé ìàòðèöû A∗A.
Ñèíãóëÿðíûå ÷èñëà σi = σi(A) ïðèíÿòî íóìåðîâàòü ïî íåâîçðàñòàíèþ.

Íàèáîëüøèå ñèíãóëÿðíûå çíà÷åíèÿ ñîîòâåòñòâóþò îñíîâíîé
èíôîðìàöèè íà èçîáðàæåíèè, òîãäà êàê ìàëûå � øóìîâîé
ñîñòàâëÿþùåé. Òàê êàê ìàòðèöà X ñîñòàâëåíà èç ïîõîæèõ áëîêîâ, òî
îíà ìîæåò áûòü àïïðîêñèìèðîâàíà ìåòîäàìè âîññòàíîâëåíèÿ ìàòðèö
ìàëîãî ðàíãà:

X̂ = arg min
X
‖Y −X‖2F + λ‖X‖∗, (1)

ãäå λ > 0 � ïàðàìåòð ìåòîäà, ‖X‖∗ � ÿäåðíàÿ íîðìà

‖X‖∗ =
∑
i

σi(X),

à ‖X‖F � íîðìà Ôðîáåíèóñà

‖X‖F =

√√√√ m∑
i=1

n∑
j=1

x2ij.

Â [17] ïîêàçàíî, ÷òî çàäà÷à (1) ìîæåò áûòü ñâåäåíà ê çàäà÷å:

X̂ = USλ(Σ)V T ,

ãäå Sλ(Σ) � äèàãîíàëüíàÿ ìàòðèöà:

Sλ(Σ)ii = max(Σii − λ, 0).

Äëÿ óëó÷øåíèÿ ðåçóëüòàòîâ øóìîïîäàâëåíèÿ â [11] èñïîëüçóåòñÿ
ñëåäóþùåå ïðåäñòàâëåíèå:

X̂ = arg min
X

1

s2
‖Y −X‖2F + ‖X‖ω,∗, (2)

ãäå s � ñòàíäàðòíîå îòêëîíåíèå øóìà íà èçîáðàæåíèè, ‖X‖ω,∗ �
âçâåøåííàÿ ÿäåðíàÿ íîðìà:

‖X‖ω,∗ =
∑
i

wiσi(X)

ñ âåñàìè w = [w1, . . . , wn], wi > 0.
Òàê êàê áîëüøèå ñèíãóëÿðíûå çíà÷åíèÿ ñîîòâåòñòâóþò

ïðåèìóùåñòâåííî ïîâòîðÿþùèìñÿ ïàòòåðíàì ìàòðèöû X, à ìàëûå �
øóìîâîé ñîñòàâëÿþùåé N , àâòîðû [11] ïðåäëàãàþò â ìåòîäå
âçâåøåííîé ÿäåðíîé íîðìû óñòàíîâèòü âec îáðàòíî
ïðîïîðöèîíàëüíûì ñîîòâåòñòâóþùåìó åìó ñèíãóëÿðíîìó çíà÷åíèþ:

ωi = c
√
n/(σi(X) + ε), (3)

ãäå c ≥ 0 � êîíñòàíòà, ε > 0 � ïîëîæèòåëüíîå ìàëîå çíà÷åíèå äëÿ
ïðåäîòâðàùåíèÿ äåëåíèÿ íà íîëü.

107



Ñèíãóëÿðíûå çíà÷åíèÿ σi(X) ñîîòâåòñòâóþò íåçàøóìëåííîìó
èçîáðàæåíèþ è íåèçâåñòíû. Ïðåäïîëàãàÿ, ÷òî øóì ðàâíîìåðíî
ðàñïðåäåë¼í â êàæäîì ïîäïðîñòðàíñòâå, îïðåäåëÿåìîì áàçèñíîé ïàðîé
U è V , ñèíãóëÿðíîå çíà÷åíèå σi(X) äëÿ çàøóìëåííîãî èçîáðàæåíèÿ
ìîæíî îöåíèòü êàê

σ̂i(X) =
√

max(σ2i (Y )− ns2, 0).

Äàííàÿ ïðîöåäóðà ìîæåò áûòü âûïîëíåíà íåñêîëüêî ðàç äëÿ
óñèëåíèÿ ýôôåêòà øóìîïîäàâëåíèÿ. Òàêèì îáðàçîì, ìåòîä çàâèñèò îò
äâóõ ïàðàìåòðîâ: êîíñòàíòû c è K � êîëè÷åñòâà èòåðàöèé.

Ïðèìåðû ðàáîòû âûøåîïèñàííûõ ìåòîäîâ ïðèâåäåíû íà Ðèñ. 1.

Çàøóìë¼ííîå ßäåðíàÿ íîðìà (1) Âçâåøåííàÿ
èçîáðàæåíèå ÿäåðíàÿ íîðìà (2)

(22.26, 0.66) (27.80, 0.67) (29.12, 0.79)

(22.51, 0.50) (23.51, 0.70) (27.13, 0.77)

Ðèñ. 1. Ñðàâíåíèå äâóõ àëãîðèòìîâ ïîäàâëåíèÿ øóìà íà èçîáðàæåíèÿõ,
îñíîâàííûõ íà ñèíãóëÿðíîì ðàçëîæåíèè ìàòðèöû. Ïðèâåäåíû çíà÷åíèÿ
ìåòðèê (PSNR, SSIM), áîëüøå � ëó÷øå.

Øóìîïîäàâëåíèå ñ ïîìîùüþ íåëèíåéíîé äèôôóçèè

Øèðîêèé êëàññ ìåòîäîâ øóìîïîäàâëåíèÿ èçîáðàæåíèÿ îñíîâàí
íà íåëèíåéíîé äèôôóçèè. Ïðè ýòîì äëÿ ïîäàâëåíèÿ øóìà èñïîëüçóåòñÿ
ðåøåíèå óðàâíåíèÿ òåïëîïðîâîäíîñòè:

108



∂u

∂t
= div(c∇u), (x, t) ∈ Ω× [0, T ],

u(x, 0) = l0, x ∈ Ω,

∂u

∂~n
= 0, (x, t) ∈ ∂Ω× [0, T ],

ãäå l0 � âõîäíîå èçîáðàæåíèå èç ïðîñòðàíñòâà Ω, c � êîýôôèöèåíò
äèôôóçèè, u(x, T ) � ðàñïðåäåëåíèå òåïëà â ìîìåíò T .

Â ìîäåëè íåëèíåéíîé äèôôóçèè êîýôôèöåíò c êîíòðîëèðóåò
ðàçìûòèå è ÿâëÿåòñÿ ôóíêöèåé ìîäóëÿ ãðàäèåíòà èçîáðàæåíèÿ
c = c(|∇u|). Çàäàíèå c = 1 âíóòðè êàæäîãî ðåãèîíà è ñïàäàþùåå ê 0
íà åãî ãðàíèöàõ ïðèâåä¼ò ê ðàçìûòèþ òîëüêî âíóòðè ðåãèîíà, êîòîðîå
îñòàíîâèòñÿ íà ãðàíèöå, äåëàÿ, òàêèì îáðàçîì, ãðàíèöó ðåçêîé. Â
ðàáîòå [4] ïðåäëàãàþòñÿ ðàçëè÷íûå âèäû êîýôôèåíòîâ. Â äàííîé
ðàáîòå ìû èñïîëüçóåì

c(|∇u|) =
(

1 + (|∇u|/K)2
)−1

,

ãäå K ÿâëÿåòñÿ ïàðàìåòðîì ìåòîäà. Óðàâíåíèå äèôôóçèè ðåøàåòñÿ
÷èñëåííî ñ ïîìîùüþ ïðîñòîãî èòåðàöèîííîãî àëãîðèòìà:

un+1 = un + tn · c(|∇u|)∆u,
u0 = u(x, 0) = l0,∑

n

tn = T.

Ïðèìåðû èçîáðàæåíèé, ïîëó÷åííûõ ñ ïîìîùüþ íåëèíåéíîé
äèôôóçèè, ïðèâåäåíû íà Ðèñ. 2.

Àíàëèç âûáîðà îïòèìàëüíûõ ïàðàìåòðîâ øóìîïîäàâëåíèÿ äëÿ
ðàçëè÷íîãî óðîâíÿ øóìà

Â ìåòîäå øóìîïîäàâëåíèÿ, îñíîâàííîì íà ìèíèìèçàöèè ÿäåðíîé
íîðìû, ðàâíî êàê è â ìåòîäå íåëèíåéíîé äèôôóçèè, òðåáóåòñÿ çàäàíèå
ñðàçó äâóõ ïàðàìåòðîâ. Ýòî çàòðóäíÿåò àâòîìàòè÷åñêèé âûáîð
ïàðàìåòðîâ. Ïîýòîìó áûë ïðîâåä¼í àíàëèç ðàñïðåäåëåíèÿ
îïòèìàëüíûõ ïàðàìåòðîâ äëÿ ðàçëè÷íûõ èçîáðàæåíèé ñ ðàçëè÷íûì
óðîâíåì øóìà ñ öåëüþ óìåíüøåíèÿ êîëè÷åñòâà ïîäáèðàåìûõ
ïàðàìåòðîâ äî îäíîãî.

Àíàëèç âûáîðà îïòèìàëüíûõ ïàðàìåòðîâ áûë ïðîâåä¼í íà 24
ôîòîãðàôè÷åñêèõ èçîáðàæåíèé, âçÿòûõ èç áàçû TID2013 [18]. Ê
êàæäîìó èç èçîáðàæåíèé áûë äîáàâëåí øóì ñ íîðìàëüíûì
ðàñïðåäåëåíèåì ñî ñðåäíåêâàäðàòè÷íûì îòêëîíåíèåì s ∈ {6, 8, 10, 12}.
Äàëåå ê ïîëó÷åííûì èçîáðàæåíèÿì áûëè ïðèìåíåíû ðàññìîòðåííûå
àëãîðèòìû øóìîïîäàâëåíèÿ.
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Çàøóìë¼ííîå Íåëèíåéíàÿ Âçâåøåííàÿ
èçîáðàæåíèå äèôôóçèÿ ÿäåðíàÿ íîðìà (2)

(28.07, 0.58) (32.06, 0.84) (33.76, 0.86)

(24.81, 0.70) (25.90, 0.88) (29.37, 0.89)

Ðèñ. 2. Ñðàâíåíèå àëãîðèòìîâ ïîäàâëåíèÿ øóìà, îñíîâàííûõ íà
íåëèíåéíîé äèôôóçèè è íà ñèíãóëÿðíîì ðàçëîæåíèè ìàòðèöû.
Ïðèâåäåíû çíà÷åíèÿ ìåòðèê (PSNR, SSIM), áîëüøå � ëó÷øå.

Â ðåçóëüòàòå àíàëèçà áûëî ïîëó÷åíî, ÷òî ïàðàìåòðû, ïðè êîòîðûõ
äîñòèãàþòñÿ ðåçóëüòàòû, áëèçêèå ê îïòèìàëüíûì, ìåíÿþòñÿ äîñòàòî÷íî
ñèëüíî, íî ïðè ýòîì äèàïàçîíû ïàðàìåòðîâ, ñîîòâåòñòâóþùèå îäíîìó
óðîâíþ øóìà, áëèçêè äðóã ê äðóãó.

Òàêèì îáðàçîì, ìîæíî ïðîâåñòè ïðåäâàðèòåëüíóþ îöåíêó
óðîâíÿ øóìà è çàôèêñèðîâàòü îäèí èç ïàðàìåòðîâ â ñîîòâåòñòâèè ñ
óðîâíåì øóìà. Äëÿ ìåòîäà øóìîïîäàâëåíèÿ, îñíîâàííîãî íà
ìèíèìèçàöèè ÿäåðíîé íîðìû, ðàçìåð áëîêà áûë çàôèêñèðîâàí íà 8
ïèêñåëåé. Èòåðàöèè ïðîâîäèëèñü äëÿ c ∈ {1, 2, 2.8, 4, 5.6, 8}.
Ðåçóëüòàòû âûáîðà îïòèìàëüíîãî ïàðàìåòðà c ïðèâåäåíû â òàáëèöå 1.

Àíàëîãè÷íûé àíàëèç áûë ïðîâåä¼í äëÿ øóìîïîäàâëåíèÿ ñ
ïîìîùüþ íåëèíåéíîé äèôôóçèè [19,20].

Àâòîìàòè÷åñêèé âûáîð ïàðàìåòðîâ

Ïîìèìî ïàðàìåòðà c, äëÿ ìåòîäà øóìîïîäàâëåíèÿ, îñíîâàííîãî
íà ìèíèìèçàöèè ÿäåðíîé íîðìû, òðåáóåòñÿ êîëè÷åñòâî èòåðàöèé K.
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s c

< 6 1.0
6 2.0, 2.8
8 2.8, 4.0
10 5.6, 8.0

> 12 8.0

Òàáë. 1. Òàáëèöà çàâèñèìîñòè ïàðàìåòðà c (3) îò ñðåäíåêâàäðàòè÷íîãî
îòêëîíåíèÿ øóìà s.

Äàííîå çíà÷åíèå íå ìîæåò áûòü âûáðàíî, èñõîäÿ òîëüêî èç óðîâíÿ
øóìà, òàê êàê äëÿ ðàçíûõ èçîáðàæåíèé îïòèìàëüíîå çíà÷åíèå K
îêàçûâàëîñü ðàçíûì. Àíàëîãè÷íî â ìåòîäå, îñíîâàííîì íà íåëèíåéíîé
äèôôóçèè, òðåáóåòñÿ îïðåäåëåíèå ìîìåíòà îñòàíîâà T .

Äëÿ îïðåäåëåíèÿ ìîìåíòà îñòàíîâà ïðåäëàãàåòñÿ èñïîëüçîâàíèå
àëãîðèòìà, èäåÿ êîòîðîãî çàêëþ÷àåòñÿ â àïîñòåðèîðíîé îöåíêå
ðåçóëüòàòà øóìîïîäàâëåíèÿ ïóò¼ì àíàëèçà õðåáòîâûõ ñòðóêòóð íà
ðàçíîñòíîì èçîáðàæåíèè ìåæäó èñõîäíûì çàøóìë¼ííûì
èçîáðàæåíèåì è ðåçóëüòàòîì øóìîïîäàâëåíèÿ [15]. Èñïîëüçóåòñÿ
ïðåäïîëîæåíèå, ÷òî â ñëó÷àå èäåàëüíîé ôèëüòðàöèè íà ðàçíîñòíîì
êàäðå äîëæåí îñòàòüñÿ òîëüêî ñëó÷àéíûé øóì. Åñëè æå íà í¼ì
ïîÿâëÿþòñÿ ñòðóêòóðû, òî ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî â ïðîöåññå
øóìîïîäàâëåíèÿ ñ èçîáðàæåíèÿ áûëè ñò¼ðòû íåêîòîðûå ãðàíèöû èëè
îáúåêòû. Ðåçóëüòàòîì ðàáîòû àëãîðèòìà ÿâëÿåòñÿ ÷èñëî � çíà÷åíèå
âçàèìíîé èíôîðìàöèè.

Äëÿ ïîèñêà õðåáòîâûõ ñòðóêòóð èñïîëüçóåòñÿ ëàïëàñèàí ∆Lσ

Lσ(x, y) = σ2 · I(x, y) ∗Gσ(x, y) (4)

Gσ(x, y) =
1

2πσ2
exp

x2+y2

2σ2

ñ ðàçëè÷íûìè σ2 äëÿ íàõîæäåíèÿ õðåáòîâûõ ñòðóêòóð ðàçíîãî
ìàñøòàáà.

Äëÿ íàõîæäåíèÿ íàïðàâëåíèÿ õðåáòà èñïîëüçóåòñÿ ìàòðèöà Ãåññå

~Hσ(x, y) =

(
Lσxx(x, y) Lσxy(x, y)
Lσyx(x, y) Lσyy(x, y)

)
,

÷åé ñîáñòâåííûé âåêòîð ~vσ(x, y), ñîîòâåòñòâóþùèé íàèìåíüøåìó ïî
ìîäóëþ ñîáñòâåííîìó çíà÷åíèþ, áóäåò íàïðàâëåí âäîëü õðåáòà.

Äëÿ âû÷èñëåíèÿ âçàèìíîé èíôîðìàöèè ìåæäó ïèêñåëÿìè
ñòðîèòñÿ ñëó÷àéíàÿ âåëè÷èíà p(k,m), ãäå k è m � çíà÷åíèÿ â òî÷êàõ
âäîëü ãðàíèö è õðåáòîâ, ñ êâàíòîâàíèåì äî N çíà÷åíèé.

p(k,m) =
1

P
#

{
(x, y) ∈ Ω0 :

⌊
Id(x, y) ·N

Imax

⌋
= k,

⌊
Id(x̃, ỹ) ·N

Imax

⌋
= m

}
,

(x̃, ỹ) = (x, y) + σ(x, y) · ~v(x, y),
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ãäå Id � ðàçíîñòíûé êàäð, #{...} � ìîùíîñòü ìíîæåñòâà, P �
íîðìèðîâî÷íàÿ êîíñòàíòà, Ω0 � ìíîæåñòâî ïèêñåëåé, ïðèíàäëåæàùèõ
õðåáòîâûì ñòðóêòóðàì, σ(x, y) � ìàñøòàá õðåáòîâîé ñòðóêòóðû, ïðè
êîòîðîì îòêëèê (4) ìàêñèìàëåí.

Âçàèìíàÿ èíôîðìàöèÿ ìîæåò áûòü èñïîëüçîâàíà êàê ìåðà
íåçàâèñèìîñòè ñëó÷àéíûõ âåëè÷èí â ñîâìåñòíîì ðàñïðåäåëåíèè

µ(K,M) =
N∑
k=1

N∑
m=1

p(k,m) log
p(k,m)

p(k)p(m)
,

ãäå

p(k) =
N∑
m=1

p(k,m).

Åñëè â çàøóìë¼ííîì èçîáðàæåíèè â ïðîöåññå ôèëüòðàöèè áûëè
ðàçìûòû íåêîòîðûå õðåáòû, îíè ïîÿâÿòñÿ íà ðàçíîñòíîì êàäðå, ÷òî
îçíà÷àåò íàëè÷èå êîððåëÿöèè ìåæäó çíà÷åíèÿìè ïèêñåëåé â ìåñòå
ðàñïîëîæåíèå õðåáòà.

Âàæíóþ ðîëü â äàííîì àëãîðèòìå èãðàåò ñòåïåíü êâàíòîâàíèÿ.
Èíòåíñèâíîñòè ïèêñåëåé êâàíòóþòñÿ â N ðàç, â èòîãå ñîñåäíèå
çíà÷åíèÿ èíòåðïðåòèðóþòñÿ êàê îäíî ñîáûòèå. Ïðè ìàëîé ñòåïåíè
êâàíòîâàíèÿ ìàëûå îòêëîíåíèÿ áóäóò îòíåñåíû ê ðàçíûì ñîáûòèÿì,
÷òî ìîæåò ïðèâåñòè ê íåóñòîé÷èâîìó ðåçóëüòàòó ðàáîòû àëãîðèòìà.
Ïðè âûñîêîé ñòåïåíè êâàíòîâàíèÿ àëãîðèòì ìîæåò óïóñòèòü
îòêëîíåíèÿ â ðàçíîñòíîì êàäðå, âûçâàííûå ïîÿâëåíèåì õðåáòîâûõ
ñòðóêòóð, ÷òî âåä¼ò ê ïëîõîìó êà÷åñòâó îöåíêè ôèëüòðàöèè.

×åì áîëüøå çíà÷åíèå µ, òåì áîëåå êîððåëèðîâàííû ðàçíîñòíûé
êàäð è èñõîäíîå èçîáðàæåíèå. Òàêèì îáðàçîì, êðèòåðèåì îñòàíîâà
àëãîðèòìà øóìîïîäàâëåíèÿ ÿâëÿåòñÿ íà÷àëî ðîñòà µ.

Íà Ðèñ. 3 ïîêàçàí ïðèìåð òèïè÷íîé çàâèñèìîñòè ìåæäó µ è
çíà÷åíèÿìè ìåòðèê PSNR è SSIM ìåæäó ðåôåðåíñíûì èçîáðàæåíèåì
è ðåçóëüòàòîì øóìîïîäàâëåíèÿ ñ ðîñòîì ÷èñëà èòåðàöèé K (2) èëè
ïàðàìåòðà T â íåëèíåéíîé äèôôóçèè. Íåñìîòðÿ íà ýòî, âûáèðàåìûå
àâòîìàòè÷åñêè ïàðàìåòðû íåìíîãî îòëè÷àþòñÿ îò îïòèìàëüíûõ, ýòî
íå ïðèâîäèò ê ñóùåñòâåííûì èçìåíåíèÿì ðåçóëüòàòà øóìîïîäàâëåíèÿ.

Çàêëþ÷åíèå

Ðàçðàáîòàí ìåòîä øóìîïîäàâëåíèÿ èçîáðàæåíèé íà îñíîâå
ïîèñêà ïîõîæèõ áëîêîâ è âûäåëåíèÿ èç íèõ ïîëåçíîé èíôîðìàöèè ñ
ïîìîùüþ ìèíèìèçàöèè ÿäåðíîé íîðìû. Ìåòîä ïðîòåñòèðîâàí íà áàçå
èçîáðàæåíèé TID2013 è ïîêàçàë õîðîøèå ðåçóëüòàòû. Òàêæå â ðàáîòå
ïðåäëîæåí àëãîðèòì àâòîìàòè÷åñêîãî âûáîðà ïàðàìåòðîâ
øóìîïîäàâëåíèÿ, êîòîðûé ïîêàçàë âûñîêóþ ýôôåêòèâíîñòü äëÿ
äàííîãî ìåòîäà.
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Ðèñ. 3. Òèïè÷íîå ñîîòâåòñòâèå ìåæäó µ è çíà÷åíèÿìè ìåòðèê PSNR è
SSIM.

Ëèòåðàòóðà

[1] Lindenbaum M., Fischer M., Bruckstein A. On Gabor's contribution to
image enhancement // Pattern Recognition. � 1994. �Vol. 27, no. 1. �
P. 1�8.

[2] Yaroslavsky L. P. Digital picture processing: an introduction. �
Springer Science & Business Media, 2012. �Vol. 9.

[3] Antoniadis A., Oppenheim G. Wavelets and statistics. � Springer
Science & Business Media, 2012. �Vol. 103.

[4] Perona P., Malik J. Scale-space and edge detection using anisotropic
di�usion // IEEE Transactions on Pattern Analysis and Machine
Intelligence. � 1990. �Vol. 12, no. 7. � P. 629�639.

[5] Rudin L. I., Osher S., Fatemi E. Nonlinear total variation based noise
removal algorithms // Physica D: Nonlinear Phenomena. � 1992. �
Vol. 60, no. 1�4. � P. 259�268.

[6] Buades A., Coll B., Morel J.-M. A non-local algorithm for image
denoising // 2005 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition (CVPR'05) / IEEE. �Vol. 2. � 2005. �
P. 60�65.

[7] Image denoising by sparse 3-D transform-domain collaborative
�ltering / Kostadin Dabov, Alessandro Foi, Vladimir Katkovnik,
Karen Egiazarian // IEEE Transactions on Image Processing. � 2007. �
Vol. 16, no. 8. � P. 2080�2095.

[8] Non-local sparse models for image restoration. / Julien Mairal,
Francis R Bach, Jean Ponce et al. // ICCV / Citeseer. � Vol. 29. �
2009. � P. 54�62.

[9] Dong W., Zhang L., Shi G. Centralized sparse representation for image
restoration // 2011 International Conference on Computer Vision /
IEEE. � 2011. � P. 1259�1266.

113



[10] Cand�es E. J., Recht B. Exact matrix completion via convex
optimization // Foundations of Computational mathematics. � 2009. �
Vol. 9, no. 6. � P. 717.

[11] Weighted nuclear norm minimization with application to image
denoising / Shuhang Gu, Lei Zhang, Wangmeng Zuo, Xiangchu Feng //
Proceedings of the IEEE conference on computer vision and pattern
recognition. � 2014. � P. 2862�2869.

[12] Mittal A., Moorthy A. K., Bovik A. C. No-reference image quality
assessment in the spatial domain // IEEE Transactions on Image
Processing. � 2012. �Vol. 21, no. 12. � P. 4695�4708.

[13] Moorthy A. K., Bovik A. C. Blind image quality assessment: From
natural scene statistics to perceptual quality // IEEE Transactions on
Image Processing. � 2011. �Vol. 20, no. 12. � P. 3350�3364.

[14] Saad M. A., Bovik A. C., Charrier C. Blind image quality assessment:
A natural scene statistics approach in the DCT domain // IEEE
Transactions on Image Processing. � 2012. � Vol. 21, no. 8. � P. 3339�
3352.

[15] Mamaev N., Yurin D., Krylov A. Choice of the parameter for BM3D
denoising algorithm using no-reference metric // 2018 7th European
Workshop on Visual Information Processing (EUVIP) / IEEE. �
2018. � P. 1�6.

[16] Jain A. K., Murty M. N., Flynn P. J. Data clustering: a review // ACM
computing surveys (CSUR). � 1999. �Vol. 31, no. 3. � P. 264�323.

[17] Cai J.-F., Cand�es E. J., Shen Z. A singular value thresholding algorithm
for matrix completion // SIAM Journal on Optimization. � 2010. �
Vol. 20, no. 4. � P. 1956�1982.

[18] Color image database TID2013: Peculiarities and preliminary results /
Nikolay Ponomarenko, Oleg Ieremeiev, Vladimir Lukin et al. //
European Workshop on Visual Information Processing (EUVIP) /
IEEE. � 2013. � P. 106�111.

[19] Mamaev N. V., Yurin D. V., Krylov A. S. Finding the parameters
of a nonlinear di�usion denoising method by ridge analysis //
Computational Mathematics and Modeling. � 2018. �Vol. 29, no. 3. �
P. 334�343.

[20] Automatic choice of denoising parameter in Perona-Malik model /
A. V. Nasonov, N. V. Mamaev, O. S. Volodina, A. S. Krylov //
GraphiCon 2019. � Vol. 2485 of CEUR Workshop Proceedings. �
2019. � P. 144�147.

114


