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8QLYHUVLWDWHD�7HKQLFă�D�0ROGRYHL�

bstract: In the work were shown the causes of distortions of images such as blurring, defocusing and noise. 
The known methods for restoring the distorted image: inverse filtering, filtering by minimizing the standard 
deviation (Wiener filter) filtration method to minimize the smoothing functional with a link (Tikhonov 
regularization), a non-linear iterative algorithm Lucy-Richardson (maximum likelihood method) were 
considered. A comparison of these algorithms identified their strengths and weaknesses in relation to recovery 
was held on. The directions for further research were determined.

Cuvinte cheie:�Func ia de impr tiere a punctului, estompa(motion blur),  filtrare invers , algoritmi 
iterativi.�
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ÌQ�]LOHOH�QRDVWUH�SHQWUX�vQUHJLVWUDUHD��SUHOXFUDUHD܈�L�WUDQVPLWHUHD�GDWHORU��vQ�PRG�SDUWLFXODU�LPDJLQLOH��FHO�
PDL�IUHFYHQW�VXQW�XWLOL]DWH�VLVWHPH�WHKQLFH�GH�PDVXUDUH܈�L�SUHOXFUDUH�D�LQIRUPD܊LHL��FDUH�OD�UvQGXO�ORU�SUH]LQWă�
LQIRUPD܊LD�vQ�IRUPă�GH�LPDJLQH�GLJLWDOă��6XE�sisteme tehnice de masurare i prelucrare a informa iei�vQ�DFHVW�
DUWLFRO�VH�VXEvQ܊HOHJ�VLVWHPH�FH�LQFOXG�GLVSR]LWLYH�GH�vQUHJLVWUDUH�D�LPDJLQLORU��FDPHUH�IRWR��FDPHUH�GLJLWDOH�GH�
OXDW�YHGHUL��PLFURVFRDSH��WHOHVFRDSH��WRPRJUDIH��HWF���SUHFXP܈�L�GLVSR]LWLYH�GH�PăVXUDUH���

ÌQ�VLVWHPHOH�WHKQLFH�GH�SUHOXFUDUH�D�LQIRUPD܊LHL��LPDJLQHD�HVWH�LQUHJLVWUDWă�SULQ�LQWHUPHGLXO�PDWULFLHL�GH�
VHQ]RUL�&&'�VDX�&026��,PDJLQLOH�SRW�RE܊LQH�GLYHUVH�GLVWRUVLXQL��SULQWUH�FDUH�FHOH�PDL�GLILFLOH�VXQW�FRQVLGHUDWH�
LPDJLQLOH�GHIRFXVDWH��LPDJLQL�FX�PRWLRQ�EOXU܈�L�FHOH�FX�]JRPRW�DGLWLY��'HFL�DSDUH�QHFHVLWDWHD�GH�UHVWDXUDUH�D�
LPDJLQLLORU�GHJUDGDWH�XWLOL]vQG�PRGDOLWă܊L�PDWHPDWLFH��

�

&DX]HOH�SULQFLSDOH�GH�GHJUDGDUH�D�LPDJLQLORU�VXQW��DEHUD܊LLOH�VLVWHPXOXL�RSWLF��GHIRFDOL]DUH��SUH]HQ܊D�XQXL�
PHGLX� GHJUDGDQW� �DHU�� GH� H[HPSOX��� PL܈FDUHD� FDPHUHL� vQ� UDSRUW� FX� HQWLWDWHD� vQUHJLVWUDWă�� HWF�� ([LVWă� GRXă�
PRGDOLWă܊L� SULQFLSDOH� GH� D� H[FOXGH� GLVWRUVLXQLOH�� 3ULPD� HVWH� GH� D� vPEXQăWă܊L� GLVSR]LWLYHOH� GH�PăVXUDUH� VDX�
SUHOXFUDUH�D�LPDJLQLORU��D�GRXD���HVWH�XWLOL]DUHD�SUHOXFUăULL�PDWHPDWLFH�D�UH]XOWDWHORU�PăVXUăULORU��vQ�VFRSXO�GH�
D�H[FOXGH�IDFWRULL�GLVWRUVLRQD܊L��

5HFRQVWUXF܊LD�XQHL� LPDJLQL�GLVWRUVLRQDWH�HVWH�GH�RELFHL�GHVFULVă�SULQWU�XQ�VHW�GH�HFXD܊LL� LQWHJUDOH�GH� WLS�
9ROWHUUD��
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VDX�HFXD܊LL�LQWHJUDOH�XQLGLPHQVLRQDOH�GH�WLS�)UHGKROP��
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h� xí � f y � �d =gy� x �+ny �x �
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VDX�HFXD܊LL�LQWHJUDOH�ELGLPHQVLRQDOH�GH�WLS�)UHGKROP��
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h �xí ,yí � f � , �d d =g� x,y �+n� x,y �

�����������������������������������
8QGH�vQ�HFXD܊LLOH�GH�PDL�VXV�ǻ�±�YDORDUHD�GH�HVWRPSDUH��h ±�IXQF܊LD�GH�vPSUă܈WLHUH�D�SXQFWXOXL��36)�±�SRLQW�

VSUHDG�IXQFWLRQ���FH�GHWHUPLQ¼�FDUDFWHUXO�GH�GHJUDGDUH�D�SXQFWHORU�LPDJLQLL���f i�g ±�GLVWULEX܊LD�LQWHQVLWă܊LL�SH�
LPDJLQLOH�QHGLVWRUVLRQDWH܈�L�GLVWRUVLRQDWH��UHVSHFWLY��n (x, y) ±�]JRPRW��(FXD܊LLOH�LQWHJUDOH������܈�L�������VXQW�
XWLOL]DWH�GH�RELFHL�SHQWUX�UH]ROYDUHD�SUREOHPHORU�FX�PRWLRQ�EOXU�LDU�������SHQWUX�UH]ROYDUHD�SUREOHPHORU�FX�
GHIRFXOL]DUH��GDU�XQHRUL�UHOD܊LD�������HVWH�XWLOL]DWă�vQ�DPEHOH�FD]XUL��

2SHUD܊LD�GH�DSOLFDUH�D�IXQF܊LHL�GH�GHJUDGDUH��36)��FăWUH�R�DOWă�IXQF܊LH��vQ�FD]XO�GDW��OD�R�LPDJLQH��VH�QXPH܈WH�
FRQYROX܊LH� �HQJ�FRQYROXWLRQ��� 6HQVXO� RSHUD܊LHL� GH� FRQYROX܊LH� FRQVWă� vQ� IRUPDUHD� YDORULL� SXQFWXOXL� .� FX�
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FRRUGRQDWHOH��[��\����FH�DSDU܊LQ�LPDJLQLL�GHJUDGDWH�g, SDUWLFLSă�SXQFWHOH�GLQWU�R�FDUHYD�DULH�ǻ�D�SXQFWXOXL�'�FX�
FRRUGRQDWHOH��[��\����FH�DSDU܊LQ�LPDJLQLL�LQL܊LDOH f��3UHVXSXQHP�Fă�DUH�ORF�SUHOXFUDUHD�LPDJLQLL�FX�UH]ROX܊LD�M 
[ N�SL[HOL��ÌQ�DFHVW�FD]�YDULDELOLOH�x܈�L�y YRU�GHWHUPLQD�QXPDUXO�GH�RUGLQH�DO�XQXL�SL[HO�GLQ�LPDJLQH��SULQ�XUPDUH��
x �������«��M� y �������«��N��'DFă�DULD�ǻ�HVWH�GH�PăULPHD�m î�n��'HFL��SURFHVXO�PDWHPDWLF�GH�DSOLFDUH�D�
RSHUD܊LHL�GH�FRQYROX܊LH�FăWUH�LPDJLQHD�f�FX�PăULPHD�M�[�N܈�L�D�IXQF܊LHL�GH�GHJUDGDUH�h�FX�PăULPHD�m�[�n YD�IL�
GHVFULVă�vQ�IHOXO�XUPăWRU���

g� x,y �=h� x,y �฀f � x,y �+n� x,y � �
i=í a

a

�
j=í b

b

h� i,j � f � x+i,y+j �+n� x,y � ,
����������������������

XQGH�a� �_��m�±�������_����b� _��n�±�������_����
���RSHUDWRUXO�FRQYROX܊LHL��
�
3HQWUX� VLPSOLILFDUHD� SURFHGXULL� GH� UHVWDXUDUH� VH� DSOLFă� WUDQVIRUPDWD� )RXULHU� >���@�� vQ� VSHFLDO� WHRUHPD�

FRQYROX܊LHL��FDUH�VSXQH�Fă��RSHUD܊LD�GH�FRQYROX܊LH�vQ�GRPHQLXO�VSD܊LDO�VH�HFKLYDOHD]ă�XQHL�RSHUD܊LL�GH�vQPXO܊LUH�
vQ�GRPHQLXO�IUHFYHQ܊ă��GHFL�HFXD܊LD�PRGHOXOXL�GH�GHJUDGDUH�vQ�GRPHQLXO�VSD܊LDO�������SRDWH�IL�VFULVă��SHQWUX�
GRPHQLXO�IUHFYHQ܊ă�vQ�IHOXO�XUPăWRU���

�
h� x,y �฀f �x,y �+n� x,y �=H �u,v �฀F �u,v �+N �u,v � , ��������������������������������������

�
XQGH�H�u,v���F �u,v�܈�L�N �u,v��±�,PDJLQL�)RXULHU�SHQWUX�IXQF܊LLOH�UHVSHFWLYH��
ÌQ�DFHVW�FD]�SURFHVXO�PDWHPDWLF�GH�DSOLFDUH�D�RSHUD܊LHL�GH�FRQYROX܊LH�FăWUH�LPDJLQH�vQ�GRPHQLXO�IUHFYHQ܊ă�

YD�IL��
G�u,v �=H �u,v �฀F�u,v �+N �u,v � � ����������������������������������������������������

(VWLPDUHD�IXQF܊LHL�GH�GHJUDGDUH�HVWH�XQ�SDV�LPSRUWDQW�vQ�SURFHVXO�GH�UHVWDXUDUH�D�LPDJLQLORU�GLVWRUVLRQDWH��
0DL� IUHFYHQW� VXQW� XWLOL]DWH� WUHL� PHWRGH� GH� HVWLPDUH� D� IXQF܊LHL� GH� GHJUDGDUH�� DQDOL]D� YL]XDOă�� DQDOL]D�
H[SHULPHQWDOă܈�L�PRGHODUHD�PDWHPDWLFă�D�IXQF܊LHL�GHJUDGDWH�>�@���

&RQVLGHUăP�DOJRULWPLL�GH�UHVWDXUDUH�D�LPDJLQLORU�GHJUDGDWH�FX�RSHUDWRUXO� � 
Filtrarea invers �HVWH�PHWRGD�FHD�PDL�VLPSOă�GH�UHVWDXUDUH�FH�FRQVWă�vQ�HVWLPDUHD� AF �u, v��WUDQVIRUPDWHL�

)RXULHU�D�LPDJLQLL�LQL܊LDOH�SULQ�vPSăU܊LUHD�LPDJLQLL�)RXULHU�D�LPDJLQLL�GHJUDGDWH�������OD�RSHUDWRUXO� ��
AF�u,v �=F �u,v �� N �u,v �

H �u,v �
�
��������������������������������������������������������

'LQ�UHOD܊LD�������HVWH�HYLGHQW�Fă�vQ�FD]XO�FvQG�YD�IL�FXQRVFXWă�IXQF܊LD�GH�GHJUDGDUH��UHVWDXUDUHD�FX�SUHFL]LH�
vQDOWă�QX�YD�DYHD�ORF�FX�H[FHS܊LD�FD]XOXL�FvQG�]JRPRWXO�DGLWLY�HVWH�QXO��N �u, v�� ����� 

 
Metoda optim  de filtrare, Wiener. ÌQ� DFHVW� ILOWUX� LPDJLQHD� �L܈ ]JRPRWXO� VXQW� FRQVLGHUDWH� FD� SURFHVH�

DOHDWRDUH� �L܈ VH� JăVH܈WH� R� D܈D� HVWLPDUH� �
Af �x,y � � SHQWUX� LPDJLQHD� QHGLVWRUVLRQDWă� f(x,y)�� FD� GHYLD܊LD�PHGLHL�

SDWUDWLFH�D�DFHVWRU�YDORUL�Vă�ILH�PLQLPă��(YLGHQW��PLQLPXO�H[SUHVLHL�SRDWH�IL�RE܊LQXW�vQ�GRPHQLXO�GH�IUHFYHQ܊ă�
�LH܊L�HVWH�GDWă�GH�XUPăWRDUHD�HFXD܈�����������������

AF�u,v � � �
H �u,v �

_H �u,v �_�

_H �u,v �_��
Sn �u,v �
S f �u,v � �฀G�u,v � ,

�����������������������������������

XQGH� Sn �u,v � ���VSHFWUXO�HQHUJHWLF�DO�]JRPRWXOXL�n �x, y���
S f �u,v � ��VSHFWUXO�HQHUJHWLF�DO�LPDJLQHL�LQL܊LDOH�f��x, y���
�
'XSă�FXP�VH�YHGH�GLQ�H[SUHVLD��������vQ�FD]XO�OLSVHL�]JRPRWXOXL��ILOWUXO�:LHQHU�VH�WUDQVIRUPă�vQWU�XQ�ILOWUX�

LQYHUV�REL܈QXLW��5HOD܊LD�GLQWUH�VSHFWUXO�]JRPRWXOXL܈�L�LPDJLQLL�QHGLVWRUVLRQDWH�HVWH�vQORFXLWă�FX�R�FRQVWDQWă�.��
QXPLWă�UHOD܊LD�VHPQDO�]JRPRW��$FHDVWă�FRQVWDQWă�SRDWH�IL�SRWULYLWă�vQ�UHJLP�LQWHUDFWLY��GHFL�ILOWUDUHD�ED]DWă�SH�
XWLOL]DUHD�FRQVWDQWHL�.�HVWH�QXPLWă�ILOWUDUH�SDUDPHWULFă�:LHQHU�>�@��$VWIHO��ILOWUDUHD�SULQ�PLQLPL]DUHD�GHYLHULL�
PHGLHL�SDWUDWLFH��XWLOL]vQG�GDWHOH�FDUDFWHULVWLFLORU�VSHFWUDOH�DOH�LPDJLQLL܈�L�]JRPRWXOXL��DUH�R�LPXQLWDWH�EXQă�OD�
]JRPRW܈�L�HVWH�OLSVLWă�GH�VLQJXODULWDWH�vQ�FD]XO�]HURXULORU�DOH�IXQF܊LHL�GH�WUDQVIHU�vQ�VLVWHPXO�GH�IRUPDUH�� 

 
Metoda de netezire (regularizare Tikhonov). 3HQWUX� UHDOL]DUHD� PHWRGHL� 7LNKRQRY� HVWH� VXILFLHQW� VD� ILH�

FXQRVFXWH�GRDU�YDORDUHD�PHGLH܈�L�GLVSHUVLD�]JRPRWXOXL��$FHDVWD�HVWH�XQ�DYDQWDM�LPSRUWDQW�DO�PHWRGHL��GHRDUHFH�
vQ�SUDFWLFă�SRW�IL�HVWLPDWH�DFHVWH�YDORUL�vQ�ED]D�LPDJLQLL�GHJUDGDWH�>���@��
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3HQWUX�IXQF܊LD�GH�QHWH]LUH�SRDWH�IL�DSOLFDW�SDWUDWXO�QRUPHL�ODSODFLHQH�>�@��
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XQGH�M�[�1�±�PăULPHD�LPDJLQLL�GHJUDGDWH�g��x, y���
([WUHPD�GLQ�H[SUHVLD�������vQ�GRPHQLXO�IUHFYHQ܊HL�SRDWH�IL�VFULVă�vQ�IHOXO�XUPăWRU��>�@��

AF�u,v � � H �u,v �
_H �u,v �_�+ _P�u,v �_��฀G�u,v � ,

�������������������������������������������
XQGH�Ȗ�±SDUDPHWUXO�GH�UHJXODUL]DUH� ��� vuP ��WUDQVIRUPDWD�)RXULHU�DO�RSHUDWRUXOXL�/DSODFH�PDWULFLD��[����

ÌQ�FD]XO�FvQG�SDUDPHWUXO�GH�UHJXODUL]DUH�Ȗ�GLQ�H[SUHVLD��������YD�IL�]HUR�DWXQFL�PHWRGD�YD�WUHFH�vQ�ILOWUDUH�LQYHUVă�
REL܈QXLWă� 

Metoda Richardson-Lucy.� 0HWRGHOH� GH� UHVWDXUDUH� GHVFULVH� PDL� VXV� VXQW� OLQLDUH�� $FHDVWă� PHWRGă� HVWH�
QHOLQLDUă��&DSDFLWDWHD�GLVWLQFWLYă�D�DFHVWHL�PHWRGH�HVWH�XWLOL]DUHD�XQRU�SURFHGXUL� LWHUDWLYH�� ,DU�DOJRULWPXO�GH�
FDOFXO�DUH�IRUPD����

Af k+�� x,y � Af k� x,y ��h�í x,í y �฀ g� x,y �
h� x,y �฀Af k � x,y ��� ����������������������������������

'HRDUHFH�FDOFXOHOH�vQ��������VXQW�HIHFWXDWH�vQ�GRPHQLXO�VSD܊LDO��FRPSOH[LWDWHD�FDOFXOHORU�VH�PLF܈RUHD]ă��
'DU� DSDU� FRPSOLFD܊LL� OD� DOHJHUHD� FULWHULXOXL� GH� VWRSDUH� D� SURFHVXOXL� LWHUDWLY�� FH� SRDWH� GXFH� OD� PDULUHD�
FRQVLGHUDELOă�D�WLPSXOXL�GH�UHVWDXUDUH�D�LPDJLQLL�GHJUDGDWH��

3HQWUX�PRGHODUHD�DOJRULWPLORU�GH�UHVWDXUDUH�GHVFULVH�PDL�VXV��D�IRVW�XWLOL]DW�SDFKHWXO�PDWHPDWLF�0$7/$%��
FH�FRQ܊LQH�ELEOLRWHFD�,37��,PDJH�3URFHVVLQJ�7RROER[���FX�IXQF܊LLOH�GH�SUHOXFUDUH�D�LPDJLQLORU�>���@��3HQWUX�
PRGHODUHD�IXQF܊LHL�GH�GHJUDGDUH�D�IRVW�XWLOL]DW�RSHUDWRUXO�fspecial�GLQ�ELEOLRWHFD�,37���

2SHUDWRUXO� fspecial� SHUPLWH� PRGHODUHD� PL܈FDULL� OLQLDUH� D� FDPHUHL� IRWR� ID܊ă� GH� RELHFWXO� FHUFHWDW�� DVWIHO�
RE܊LQvQG�GLVWRUVLXQH�vQ�IRUPD�GH�HVWRPSă��ÌQ�DFHLD܈L�ELEOLRWHFă�SRDWH�IL�JăVLWă�IXQF܊LD�imnoise,�FX�DMXWRUXO�FăUHLD�
SRDWH�IL�PRGHODW�]JRPRWXO���

ÌQ�)LJ�����D� ������E܈�L�����F�VXQW�SUH]HQWDWH� LPDJLQLOH� LQL܊LDOă��PRGHODUHD�GHJUDGăULL�FX�]JRPRW�DGLWLY܈�L�
ILOWUDUHD�LQYHUVă�D�LPDJLQLL�GHJUDGDWH�FX�]JRPRW�DGLWLY�FX�GLVSHUVLD����������UHVSHFWLY��
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�D�����������������������������������������������������������E���������������������������������������������������������������������F��
�5H]XOWDWHOH�GHJUDGăULL܈�L�DGăXJăULL�]JRPRWXOXL�OD�LPDJLQHD�LQL܊LDOă��

D��±�LPDJLQHD�LQL܊LDOă��E��±�LPDJLQHD�GHJUDGDWă��F���±�UHVWDXUDUHD�LPDJLQLL�GHJUDGDWH�FX�QRLVH�YDU�±�
���������XWLOL]vQG�PHWRGD�ILOWUXOXL�LQYHUV��

�
8WLOL]DvQG�ELEOLRWHFD�,37܈�L�IXQF܊LD�deconvolution �SHQWUX�DOJRULWPLL�GHVFUL܈L��DX�IRVW�RE܊LQXWH�XUPăWRDUHOH�

UH]XOWDWH�DOH�PRGHOăULL��ÌQ�)LJ������F�HVWH�DUăWDW�UH]XOWDWXO�UHVWDXUăULL�LPDJLQLL�SULQ�LQWHUPHGLXO�ILOWUXOXL�LQYHUV��
'XSă�FXP�VH�YHGH�GLQ�LPDJLQH�FKLDU܈�L�FX�XQ�]JRPRW�FX�GLVSHUVLH����������ILOWUXO�LQYHUV�D�UHVWDXUDW�LPDJLQHD�
FX�HURUL�FRQVLGHUDELOH���

ÌQ� ILJ������ VXQW� SUH]HQWDWH� UH]XOWDWHOH� UHVWDXUăULL� LPDJLQLL� SULQ�PHWRGD�:LHQHU� �ILJ�����D��� UHJXODUL]DUHD�
7LNKRQRY��ILJ�����E�܈�L�PHWRGD�5LFKDUGVRQ�/XF\��ILJ�����F���'LVSHUVLD�]JRPRWXOXL�vQ�WRDWH�WUHL�FD]XUL�HVWH�HJDOă�
FX��������� �

0HWRGHOH�GHVFULVH�VH�ED]HD]ă�SH�FXQRD܈WHUHD�IXQF܊LHL�GH�GHJUDGDUH��'H�RELFHL� OD�SUHOXFUDUHD� LPDJLQLORU�
UHDOH� IXQF܊LD� GH� GHJUDGDUH� QX� HVWH� FXQRVFXWă� VDX� HVWH� FXQRVFXWă� FX� R� FDUHYD� DSUR[LPDUH� vQ� XUPD� DQDOL]HL�
LPDJLQLL��3HQWUX�SUHOXFUDUHD�LPDJLQLORU�vQ�FD]XO�FvQG�IXQF܊LD�GH�GHJUDGDUH�QX�HVWH�FXQRVFXWă��VXQW�HODERUDWH�R�
VHULH�GH�PHWRGH��QXPLWH�EOLQG�GHFRQYROXWLRQ�>�@���
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D����������������������������������������������������E����������������������������������������������������F��
�5H]XOWDWHOH�UHVWDXUăULL�D�LPDJLQLORU�GHJUDGDWH�SULQ��

D��±�PHWRGD�:LHQHU��E��±�5HJXODUL]DUHD�7LNKRQRY��F��±�PHWRGD�5LFKDUGVRQ�/XF\ �
�

$OJRULWPXO�GH�UHVWDXUDUH�D�LPDJLQLORU�SULQ�PHWRGD�ILOWUXOXL�LQYHUV�D�DUăWDW�UH]XOWDWH�LGHDO�QXPDL�vQ�FD]XO�
IăUă�]JRPRW�DGLWLY��vQ�FD]XO�DGăXJăULL�]JRPRWXOXL�IRDUWH�PLF�FX�QLYHOXO�GLVSHUVLHL��ā��í��UH]XOWDWXO�UHVWDXUăULL�
D�IRVW�RE܊LQXW�FX�HURUL�FRQVLGHUDELOH��'HFL�ILOWUXO�LQYHUV�HVWH�IRDUWH�YXOQHUDELO�OD�]JRPRW�DGLWLY���

,Q� FD]XO� ]JRPRWXOXL� FX�YDORDUHD�GLVSHUVLHL� � ��í�� DOJRULWPXO�GH� UHVWDXUDUH� FX�DSOLFDUHD� ILOWUXOXL�:LHQHU��
UHJXODUL]DUHD� 7LNKRQRY� �L܈ DOJRULWPXO� LWHUDWLY� 5LFKDUGVRQ�/XF\ DX� RE܊LQXW� UH]XOWDWH� UHODWLY� EXQH. &HD� FH�
GHPRQVWUHD]ă�R�UH]LVWHQ܊ă�PDL�PDUH�D�DFHVWRU�PHWRGH�ID܊ă�GH�]JRPRWXO�DGLWLY�vQ�FRPSDUD܊LH�FX�ILOWUXO�LQYHUV��
'DU�UHVWDXUDUHD�LPDJLQLL�XWLOL]vQG�PHWRGHOH�GHVFULVH�GXFH�OD�D܈D�QXPLWH�artefacte de ecou��)HQRPHQXO�*LEEV���
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