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ÁÅÇÏÎÐÎÃÎÂÈÉ ÌÅÒÎÄ ÄÈÑÊÐÅÒÍÎ¯
ÂÅÉÂËÅÒ-Ô²ËÜÒÐÀÖ²¯ ÇÎÁÐÀÆÅÍÜ

Àíîòàö³ÿ. Ðîçãëÿíóòî ñó÷àñí³ ìåòîäè é àëãîðèòìè DWT-ô³ëüòðàö³¿ çîáðàæåíü â³ä Ãàóñî-
âèõ øóì³â âèñîêîãî ð³âíÿ. Çàçíà÷åíî, ùî ö³ øóìè ìîæóòü âèíèêàòè ï³ä ÷àñ àåðîôî-
òîçí³ìàííÿ ì³ñöåâîñò³ â óìîâàõ çàáðóäíåíîãî ïîâ³òðÿ. Ðîçãëÿíóòî âèêîðèñòàííÿ ºäèíîãî
óí³âåðñàëüíîãî ïîðîãà îáìåæåííÿ âåéâëåò-êîåô³ö³ºíò³â äåòàë³çàö³¿ VisuShrink äëÿ âñ³õ
ð³âí³â äåêîìïîçèö³¿ òà àäàïòèâíîãî ïîðîãà BayesShrink. Ðîçðîáëåíî àëãîðèòì îáìåæåííÿ
êîðòåæó âåéâëåò-êîåô³ö³ºíò³â çîáðàæåííÿ.

Êëþ÷îâ³ ñëîâà: DWT, VisuShrink, BayesShrink, àëãîðèòì, Åâêë³äîâà íîðìà, êîðòåæ âåéâ-
ëåò-êîåô³ö³ºíò³â.

ÂÑÒÓÏ

Îñòàíí³ì ÷àñîì íà ïðàêòèö³ øèðîêî çàñòîñîâóþòü àëãîðèòìè, ùî ´ðóíòóþòüñÿ

íà äåêîìïîçèö³¿ çîáðàæåíü ó áàçèñ³ âåéâëåò-ôóíêö³é [1, 2]. Ö³ àëãîðèòìè ïðè-

çíà÷åí³ äëÿ ðåàë³çàö³¿ ïîðîãîâîãî îáðîáëåííÿ âåéâëåò-êîåô³ö³ºíò³â ³ ì³ñòÿòü

òàê³ åòàïè:

ïåðøèé åòàï — äåêîìïîçèö³ÿ çàøóìëåíîãî çîáðàæåííÿ íà ìàòðèöþ âåé-

âëåò-êîåô³ö³ºíò³â ìåòîäîì äèñêðåòíîãî âåéâëåò-ïåðåòâîðåííÿ;

äðóãèé åòàï — ïîðîãîâå îáðîáëåííÿ çàøóìëåíèõ âåéâëåò-êîåô³ö³ºíò³â, ùî

ñêëàäàþòü ìàòðèöþ, ç âèêîðèñòàííÿì ïîðîãîâî¿ ôóíêö³¿ ç³ ñïåö³àëüíèì ïîðîãîì;

òðåò³é åòàï — ðåêîíñòðóêö³ÿ îòðèìàíî¿ ìàòðèö³ â î÷èùåíå â³ä øóìó çîáðàæåííÿ.

Ùîá çä³éñíèòè äðóãèé åòàï, ïîòð³áíî âèáðàòè ïîðîãîâó ôóíêö³þ òà ïîð³ã

çàëåæíî â³ä âëàñòèâîñòåé çîáðàæåííÿ ³ âèêîíàòè ñêëàäí³ îá÷èñëåííÿ. Òîìó

ñïðîùåííÿ àëãîðèòì³â ïîðîãîâî¿ âåéâëåò-ô³ëüòðàö³¿ çîáðàæåíü º àêòóàëüíîþ çà-

äà÷åþ, îñîáëèâî ó ðàç³ áðàêó ÷àñó íà îáðîáëåííÿ â³çóàëüíî¿ ³íôîðìàö³¿.

Ìåòà ñòàòò³ º òàêîþ: íà îñíîâ³ ðåçóëüòàò³â àíàë³çó ïîðîãîâèõ ìåòîä³â âåéâ-

ëåò-ô³ëüòðàö³¿ ç óðàõóâàííÿì ñòðóêòóðè ìàòðèö³ âåéâëåò-ïåðåòâîðåííÿ çîáðà-

æåíü ðîçðîáèòè áåçïîðîãîâèé ìåòîä DWT-ô³ëüòðàö³¿ çîáðàæåíü ç âèçíà÷åííÿì

âåéâëåò-ôóíêö³¿. Âèçíà÷èòè êðèòåð³¿ åôåêòèâíîñò³ áåçïîðîãîâîãî ìåòîäó òà ïî-

áóäóâàòè ïðîñòèé àëãîðèòì éîãî ðåàë³çàö³¿ ìîâîþ Python. Öåé àëãîðèòì çàáåç-

ïå÷óº ì³í³ìàëüíó Åâêë³äîâó íîðìó â³äñòàí³ ì³æ âåêòîðàìè çíåøóìëåíîãî òà

îðèã³íàëüíîãî çîáðàæåíü. Ìåòîäîëîã³ÿ ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ ïîëÿãàº ó ïîøóêó

ïàðàìåòð³â DWT-ô³ëüòðàö³¿ äëÿ çàáåçïå÷åííÿ ¿¿ åôåêòèâíîñò³ çà íàÿâíîñò³

øóì³â âèñîêîãî ð³âíÿ.

ÒÅÎÐÅÒÈ×Í² ÎÑÍÎÂÈ ÐÎÇÐÎÁËÅÍÍß ÌÅÒÎÄÓ

Íàâåäåìî ñòèñë³ [3, 4] òåîðåòè÷í³ â³äîìîñò³, íåîáõ³äí³ äëÿ âèêëàäó ìàòåð³àëó.

Ïëîñêå çîáðàæåííÿ ìîæíà ìàòåìàòè÷íî îïèñàòè çà äîïîìîãîþ ôóíêö³¿ äâîõ

çì³ííèõ f x y( , ). Äëÿ äèñêðåòíîãî âåéâëåò-ïåðåòâîðåííÿ ôóíêö³¿ f x y( , ) çã³äíî ç

ïðèéíÿòîþ ó ñïåö³àëüí³é ë³òåðàòóð³ òåðì³íîëîã³ºþ âèêîðèñòîâóþòü ìàñøòàáó-

âàëüí³ ôóíêö³¿ �( )x ³ �( )x — «áàòüê³âñüêèé» òà «ìàòåðèíñüêèé» âåéâëåòè

â³äïîâ³äíî. Ï³ä ÷àñ ìàñøòàáóâàííÿ òà çñóâó ç öèõ ôóíêö³é ôîðìóþòü îðòîíîð-

ìîâàí³ áàçèñí³ ôóíêö³¿ ó ïðîñòîð³ ôóíêö³é îäí³º¿ çì³ííî¿ f x( ).
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Äëÿ âåéâëåò-äåêîìïîçèö³¿ çîáðàæåííÿ â ðåçóëüòàò³ òåíçîðíîãî ïåðåìíî-

æåííÿ ôóíêö³é { } { }� �j n j nx x, ,( ) , ( ) îòðèìàºìî îðòîíîðìîâàí³ áàçîâ³ ôóíêö³¿

{ } {�� � � �� �j n m j n j m j n m j nx y x y x y x, , , , , , ,( , ) ( ) ( ) ; ( , ) (� � ) ( ) ;,� j m y }

{ } {�� � � �� �j n m j n j m j n m j nx y x y x y x, , , , , , ,( , ) ( ) ( ) ; ( , ) (� � ) ( ) ,,� j m y }

ïðè öüîìó êîåô³ö³ºíòè äåêîìïîçèö³¿ º òàêèìè:

A aaj j n m� { }, , — àïðîêñèìóâàëüí³ (îòðèìàí³ ÿê êîåô³ö³ºíòè äåêîìïîçèö³¿

çà áàçèñîì �� j n m x y, , ( , ));

H adj j n m� { }, , — ãîðèçîíòàëüí³ äåòàë³çóâàëüí³ (îòðèìàí³ ÿê êîåô³ö³ºíòè

äåêîìïîçèö³¿ çà áàçèñîì �� j n m x y, , ( , ));

V daj j n m� { }, , — âåðòèêàëüí³ äåòàë³çóâàëüí³ (îòðèìàí³ ÿê êîåô³ö³ºíòè äå-

êîìïîçèö³¿ çà áàçèñîì �� j n m x y, , ( , ));

D ddj j n m� { }, , — ä³àãîíàëüí³ äåòàë³çóâàëüí³ (îòðèìàí³ ÿê êîåô³ö³ºíòè äå-

êîìïîçèö³¿ çà áàçèñîì �� j n m x y, , ( , )).

Çîáðàæåííÿ çàäàºòüñÿ ìàòðèöåþ F ç ð³âíåì äåêîìïîçèö³¿ j0 :

A H V D Fj j j j( , , ) � , (1)

äå ( , , )H V Dj j j — êîðòåæ äåòàë³çóâàëüíèõ êîåô³ö³ºíò³â äåêîìïîçèö³¿.

Íà ïåðøîìó ð³âí³ äåêîìïîçèö³¿ j0 1� îá÷èñëþþòüñÿ àïðîêñèìóâàëüí³

A aaj j n m� �{ }
0 1, , òà êîðòåæ äåòàë³çóâàëüíèõ ( , ,H adj j n m� �{ }

0 1 ,V daj j n m� �{ }
0 1, , ,

D ddj j n m� �{ }
0 1, , ) êîåô³ö³ºíò³â. Ïîäàëüøó äåêîìïîçèö³þ ç îñòàòî÷íîþ ðåêîí-

ñòðóêö³ºþ íà êîæíîìó åòàï³ äåêîìïîçèö³¿ íàâåäåíî íà ðèñ. 1. Ôàéë aero.jpeg ôðàã-

ìåíòó àåðîôîòîçí³ìàííÿ îòðèìàíî ç áàçè äàíèõ PyWavelets (https://github.com/

PyWavelets/pywt/blob/master/pywt/data/).

ÀËÃÎÐÈÒÌ ÁÅÇÏÎÐÎÃÎÂÎ¯ Ô²ËÜÒÐÀÖ²¯ ÇÎÁÐÀÆÅÍÜ

Ï³ä âïëèâîì Ãàóñîâîãî øóìó ð³çíîãî ïîõîäæåííÿ, ÿê â³çóàëüíîãî (çàäèìëåí-

íÿ) òàê ³ àïàðàòíîãî, çàçíàþòü ñïîòâîðåííÿ âñ³ êîåô³ö³ºíòè ìàòðèö³ F . Äëÿ

äîñë³äæåííÿ âïëèâó øóìó ââåäåìî ïîõèáêè àïðîêñèìóâàëüíèõ ³ äåòàë³çóâàëü-

íèõ âåéâëåò-êîåô³ö³ºíò³â ÷åðåç â³äíîñí³ çì³íè íîðì Åâêë³äîâî¿ â³äñòàí³ ì³æ
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Ðèñ. 1. Ðåêîíñòðóêö³ÿ çîáðàæåííÿ aero.jpeg (512 512� ) äëÿ òðüîõ ð³âí³â äåêîìïîçèö³é, âåéâëåò db4
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âåêòîðàìè, óòâîðåíèìè öèìè êîåô³ö³ºíòàìè:
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(2)

äå A j ( )� , H j ( )� , V j ( )� , D j ( )� — âåêòîðè âåéâëåò-êîåô³ö³ºíò³â, çì³íåí³ ï³ä

âïëèâîì øóìó.

Äëÿ âèçíà÷åííÿ çàëåæíîñò³ áåçðîçì³ðíî¿ ïîõèáêè âåéâëåò-êîåô³ö³ºíò³â â³ä

ï³êîâîãî â³äíîøåííÿ ñèãíàëó çîáðàæåííÿ äî øóìó (PSNR) ó äåöèáåëàõ ðîçðîá-

ëåíî òàêó ïðîãðàìó ìîâîþ Python:

def PSNR(original, compressed):

mse = mean((original - compressed) ** 2)

if(mse == 0):

return 100

max_pixel = 255.0

psnr = 20 * log10(max_pixel / sqrt(mse))

return psnr

original=pywt.data.aero();size=original.shape

xPSNR=[];yA=[];yH=[];yV=[];yD=[]

for ran in arange(4,36,4):

random.seed(1)

noisy =random.normal(original,ran,size)

xPSNR.append(PSNR(noisy,original))

coeffs2 = pywt.dwt2(noisy, 'bior1.3')

A, (H, V, D) = coeffs2

noisy =random.normal(noisy,ran, size)

coeffs2 = pywt.dwt2(noisy, 'bior1.3')

A1, (H1, V1, D1) = coeffs2

yA.append(linalg.norm((A-A1),ord=1)/linalg.norm(A,ord=1))

yH.append(linalg.norm((H-H1),ord=1)/linalg.norm(H,ord=1))

yV.append(linalg.norm((V-V1),ord=1)/linalg.norm(V,ord=1))

yD.append(linalg.norm((D-D1),ord=1)/linalg.norm(D,ord=1))

plt.ylabel('E');plt.xlabel('PSNR dB')

plt.plot(xPSNR,yA,marker='o',linewidth=1,linestyle='solid',label='E(A)')

plt.plot(xPSNR,yH,marker='o',linewidth=1,linestyle='solid',label='E(H)')

plt.plot(xPSNR,yV,marker='o',linewidth=1,linestyle='solid',label='E(V)')

plt.plot(xPSNR,yD,marker='o',linewidth=1,linestyle='solid',label='E(D)')

plt.grid();plt.legend();plt.show()

Ðåçóëüòàò ¿¿ çàñòîñóâàííÿ íàâåäåíî íà ðèñ. 2.

Ç ãðàô³êà âèäíî, ùî ïîõèáêà âåéâëåò-êîåô³ö³ºíò³â àïðîêñèìàö³¿ E A( ) º íàé-

ìåíøîþ òà ñëàáî çàëåæèòü â³ä çðîñòàííÿ øóìó (çìåíøåííÿ PSNR). Çíà÷íî

ñèëüí³øå çì³íþºòüñÿ ïîõèáêà äëÿ êîåô³ö³ºíò³â äåòàë³çàö³¿ E A( ), E V( ), E D( ).
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Äëÿ îö³íþâàííÿ åôåêòèâ-

íîñò³ ô³ëüòðàö³¿ çàñòîñóºìî ïî-

êàçíèê íîðìîâàíî¿ Åâêë³äîâî¿

â³äñòàí³ áåçïîñåðåäíüî äî ñèã-

íàë³â çîáðàæåíü:

E
im img

im
�

| | – | |

| | | |
, (3)

äå im, img — âåêòîðè îðèã³íà-

ëüíîãî òà çíåøóìëåíîãî çîá-

ðàæåíü â³äïîâ³äíî.

Äëÿ ðåàë³çàö³¿ áåçïîðîãî-

âîãî àëãîðèòìó ñêîðèñòàºìîñÿ

âèñíîâêîì, îòðèìàíèì ç ãðàô³-

êà (ðèñ. 2). Ñêîï³þºìî ñêëàäíó

ñòðóêòóðó âêëàäåíèõ ìàñèâ³â

êîåô³ö³ºíò³â äåòàë³çàö³¿ ³ ï³ñëÿ çàïîâíåííÿ îòðèìàíî¿ ñòðóêòóðè íóëÿìè

çàì³íèìî íàÿâí³ êîåô³ö³ºíòè íà ñòâîðåí³.

Íàâåäåìî ïðèêëàä ðåàë³çàö³¿ çàïðîïîíîâàíîãî áåçïîðîãîâîãî ìåòîäó

DWT-ô³ëüòðàö³¿ ç âèêîðèñòàííÿì á³áë³îòåêè PyWavelets [5] ìîâîþ Python:

def PSNR(original, compressed):

mse = mean((original - compressed) ** 2)

if(mse == 0):

return 100

max_pixel = 255.0

psnr = 20 * log10(max_pixel / sqrt(mse))

return psnr

nsigma=42

im= pywt.data.aero()

size=im.shape

random.seed(1)

img=im+ random.normal(0, nsigma, size)

wavlist= pywt.wavelist(kind='discrete')

result=[]

for wt in wavlist:

coeffs = pywt.dwt2(im,wt,mode='symmetric', axes=(-2, -1))

A, (V, H, D) = coeffs

A= pywt.threshold(A, value=0.09, mode='soft')

V =[zeros_like(v) for v in V]

H =[zeros_like(v) for v in H]

D =[zeros_like(v) for v in D]

coeffs=A, (V, H, D)

imf=pywt.idwt2(coeffs,wt,mode='symmetric', axes=(-2, -1))

E=round(linalg.norm((im-imf),ord=1)/linalg.norm(im,ord=1),4)

c=E,imf,wt

result.append(c)

result.sort(key = lambda x: x[0])

Îòðèìàíèé àëãîðèòì º øâèäêèì òà åôåêòèâíèì äëÿ ðåàë³çàö³¿ íà øóìàõ ç

ï³êîâèì çíà÷åííÿì 14 dB ³ âèùå, àëå íàâ³òü äëÿ íåñïîòâîðåíîãî øóìîì çîáðà-

æåííÿ â³í çáåð³ãàº éîãî îðèã³íàë. Äëÿ çíèæåííÿ ïîõèáêè äîäàíî öèêë «for wt in

wavlist» îáðàííÿ âåéâëåòà çà óìîâè ì³í³ì³çàö³¿ ïîõèáêè E .

ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2022, òîì 58, ¹ 5 175

Ðèñ. 2. Çàëåæí³ñòü ïîõèáêè âåéâëåò-êîåô³ö³ºíò³â â³ä
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Ïðîâåäåìî â³çóàëüíå ïîð³âíÿííÿ ðîçðîáëåíîãî àëãîðèòìó (ðèñ. 3) ç â³äîìè-

ìè, à ñàìå ç àëãîðèòìîì VisuShrink (ðèñ. 4) [6, 7] òà BayesShrink (ðèñ. 5) [8, 9] ³ç

çàãàëüíèì ïîðîãîì îáìåæåííÿ òà ç óí³âåðñàëüíèì ïîðîãîì îáìåæåííÿ

(â³äïîâ³äíî) âåéâëåò-êîåô³ö³ºíò³â äåòàë³çàö³¿ äëÿ êîæíîãî ð³âíÿ äåêîìïîçèö³¿.

Äëÿ ïîð³âíÿííÿ âèáðàíî ôàéë aero.jpeg ôðàãìåíòà àåðîôîòîçí³ìàííÿ ç áàçè äà-

íèõ pywt.data á³áë³îòåêè PyWavelets. Ïàðàìåòðè çàøóìëåííÿ çîáðàæåííÿ âèáðà-

íî îäíàêîâèìè.

×èñëîâ³ äàí³ äëÿ íàâåäåíèõ ìåòîä³â ïðåäñòàâëåíî â òàáë. 1.

Íà ï³äñòàâ³ â³çóàëüíèõ òà ÷èñëîâèõ äàíèõ ìîæíà ä³éòè âèñíîâêó, ùî çàïðî-

ïîíîâàíèé ìåòîä ìàº áåçïåðå÷í³ ïåðåâàãè. Íàéâàæëèâ³øèìè º éîãî ïðîñòîòà òà

÷àñ âèêîíàííÿ ô³ëüòðàö³¿. Äàí³ îòðèìàíî íà ïåðñîíàëüíîìó êîìï’þòåð³ ç ïðîöå-
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Ðèñ. 3. Çîáðàæåííÿ, îòðèìàí³ áåçïîðîãîâèì ìåòîäîì DWT-ô³ëüòðàö³¿

Ðèñ. 4. Çîáðàæåííÿ, îòðèìàí³ ìåòîäîì DWT-ô³ëüòðàö³¿ ç óí³âåðñàëüíèì ïîðîãîì äëÿ êîæíîãî
ð³âíÿ äåêîìïîçèö³¿ BayesShrink

Îðèã³íàë (512 512� )
PSNR � 15.67 äÁ,

E � 0.1968
PSNR � 25.68 äÁ,

E � 0.0749

Ðèñ. 5. Çîáðàæåííÿ, îòðèìàí³ ìåòîäîì DWT ô³ëüòðàö³¿ ³ç çàãàëüíèì ïîðîãîì äëÿ óñ³õ ð³âí³â
äåêîìïîçèö³¿ VisuShrink

PSNR � 32.38 äÁ,
E � 0.0457

PSNR � 15.67 äÁ,
E � 0.1968Îðèã³íàë (512 512� )

PSNR � 22.23 äÁ,
E � 0.1104

PSNR � 15.67 äÁ,
E � 0.1968Îðèã³íàë (512 512� )



ñîðîì Intel(R) Core(TM) 1.8 GHz. Ó ðàç³ çàñòîñóâàííÿ ìåòîäó ó áåçï³ëîòíîìó

ë³òàëüíîìó àïàðàò³ (ÁÏËÀ) ç ì³êðîïðîöåñîðîì ó ìàøèííèõ êîäàõ øâèäêîä³ÿ

îáðîáëåííÿ îäíîãî êàäðó çá³ëüøèòüñÿ íà ïîðÿäêè.

Ïðîâåäåìî àíàë³òè÷íå îö³íþâàííÿ ùîäî çìåíøåííÿ îá÷èñëþâàëüíî¿ ñêëàä-

íîñò³ ðîçðîáëåíîãî àëãîðèòìó ïîð³âíÿíî ç BayesShrink òà VisuShrink çà îïå-

ðàö³ÿìè (òàáë. 2).

Ç òàáë. 2 âèäíî, ùî çàïðîïîíîâàíèé àëãîðèòì çâ³ëüíÿº ïðîöåñîð â³ä âèêî-

íàííÿ ñêëàäíèõ îïåðàö³é 2 òà 3. Îá÷èñëåííÿ çä³éñíþºòüñÿ äëÿ êîæíîãî ð³âíÿ

äåêîìïîçèö³¿ (äî ï’ÿòè ð³âí³â çàëåæíî â³ä çîáðàæåííÿ) çà ñêëàäíèìè ôîðìóëà-

ìè, ÿê³ ïåðåäáà÷àþòü íåçì³ùåíó îö³íêó ðèçèêó.
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Ò à á ë è ö ÿ 1. ×èñëîâ³ äàíí³ ïðîãðàìíî¿ ðåàë³çàö³¿ çàïðîïîíîâàíîãî òà íàÿâ-

íèõ ìåòîä³â DWT-ô³ëüòðàö³¿ çîáðàæåíü

Ìåòîä Âåéâëåò
Ïîðîãîâà ôóíêö³ÿ

òà ïîð³ã (çà ð³âíåì
äåêîìïîçèö³¿)

Çíåøóìëåííÿ
� PSNR (äÁ)

Çìåíøåííÿ
ïîõèáêè

(%)

×àñ
ðîáîòè

ïðîãðàìè
(c)

Áåçïîðîãîâèé db23 — 16.71 81.67 5.3

BayesShrink sym11

Ïîðîãîâà ôóíêö³ÿ: soft

H1, threshold � 3.0387

V1, threshold � 32.4697

D1, threshold � 53.4609

H2, threshold � 69.7156

V2, threshold � 69.6288

D2, threshold � 123.7207

H3, threshold � 184.5588

V3, threshold � 160.7924

D3, threshold � 299.5097

19.01 61.94 39.7

Ò à á ë è ö ÿ 2. Îá÷èñëþâàëüí³ îïåðàö³¿ äëÿ ïðîãðàìíî¿ ðåàë³çàö³¿ çàïðîïîíî-

âàíîãî òà íàÿâíèõ ìåòîä³â DWT-ô³ëüòðàö³¿ çîáðàæåíü

Îá÷èñëþâàëüíà îïåðàö³ÿ

Íàÿâí³ñòü (� ) àáî â³äñóòí³ñòü (–) îá÷èñëþâàëüíî¿
îïåðàö³¿ â àëãîðèòì³

Áåçïîðîãîâèé

(çàïðîïîíîâàíèé

àëãîðèòì)

VisuShrink BayesShrink

Îòðèìàííÿ ìàòðèö³ A H V D Fj j j j( , , ) � � � �

Îá÷èñëåííÿ ïîðîãà îáìåæåííÿ

êîðòåæó ( , , )H V Dj j j

– � �

Îêðåì³ îáìåæåííÿ êîåô³ö³ºíò³â

äåêîìïîçèö³¿ êîðòåæó ( , , )H V Dj j j

äëÿ êîæíîãî ð³âíÿ äåêîìïîçèö³¿

– � �

Îáíóëåííÿ âñ³õ êîåô³ö³ºíò³â

äåêîìïîçèö³¿ êîðòåæó ( , , )H V Dj j j

� – –

Ðåêîíñòðóêö³ÿ ìàòðèö³ âåéâëåò

êîåô³ö³ºíò³â ó ôàéë çîáðàæåííÿ
� � �



ÂÈÑÍÎÂÊÈ

Ðîçðîáëåíî íîâèé ìåòîä äèñêðåòíî¿ âåéâëåò-ô³ëüòðàö³¿ òà éîãî àëãîðèòì ìîâîþ

Python ç âèêîðèñòàííÿì á³áë³îòåêè PyWavelets. Ðåçóëüòàòè ïîð³âíÿííÿ öüîãî ìå-

òîäó ç íàÿâíèìè ïîðîãîâèìè ôóíêö³ÿìè çàñâ³ä÷èëè ïåðåâàãè éîãî çàñòîñóâàííÿ

ó ä³ëÿíö³ Ãàóñîâèõ âèñîêî÷àñòîòíèõ øóì³â. Îòðèìàíî âåéâëåò-ôóíêö³¿ äëÿ àëãî-

ðèòì³â VisuShrink ³ BayesShrink, à òàêîæ äëÿ áåçïîðîãîâîãî àëãîðèòìó, ùî çà-

áåçïå÷óþòü ì³í³ìàëüíó ïîõèáêó DWT-ô³ëüòðàö³¿. Îäåðæàí³ ðåçóëüòàòè ï³äòâåð-

äæåíî ãðàô³÷íèìè ìàòåð³àëàìè òà ðåçóëüòàòàìè îá÷èñëþâàëüíîãî åêñïåðèìåíòó.

Çàïðîïîíîâàíèé ìåòîä äàº çìîãó çìåíøèòè îá÷èñëþâàëüí³ ïîòóæíîñò³,

òîìó éîãî ìîæíà çàñòîñîâóâàòè äëÿ ôîòîãðàôóâàííÿ ì³ñöåâîñò³ çà äîïîìîãîþ

áåçï³ëîòíîãî ë³òàëüíîãî àïàðàòà.
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D. Onufriienko, Yu. Taranenko
THRESHOLD-FREE METHOD OF DISCRETE WAVELET FILTRATION OF IMAGES

Abstract. Modern methods and algorithms for DWT image filtering from high-level Gaussian
noise are considered. It is indicated that these noises can occur during aerial photography
under air pollution conditions. The use of a single universal threshold for limiting VisuShrink
wavelet coefficients for all levels of decomposition and an adaptive BayesShrink threshold are
considered. An algorithm for limiting the tuple of image wavelet coefficients is developed.

Keywords: DWT, VisuShrink, BayesShrink, algorithm, Euclidean norm, wavelet coefficient
tuple.
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