
LPDJH�SURFHVVLQJ

)RUJHW�2EMHFW�6SDFH
� 6R�IDU��PRVW�RI�ZKDW�ZH·YH�GRQH�DVVXPHV�ZH

KDYH�VRPH�XQGHUO\LQJ�DEVWUDFW�UHSUHVHQWDWLRQ�RI
ZKDW·V�LQ�D�VFHQH�

� %XW�WKHUH�DUH�PDQ\�JUDSKLFV�WHFKQLTXHV�WKDW
RSHUDWH�RQO\�RQ�LPDJHV

� ,PDJH�SURFHVVLQJ��RSHUDWLRQV�WKDW�WDNH�LPDJHV
DV�LQSXW��SURGXFH�LPDJHV�DV�RXWSXW

� ,V��'�JUDSKLFV�PRUH�LPSRUWDQW�WKDQ�LPDJH
SURFHVVLQJ"�1R�ZD\�

,PDJHV
� ,Q�LWV�PRVW�JHQHUDO�IRUP��DQ�LPDJH�LV�D�IXQFWLRQ�f

IURP�R2�WR�R
– f( x, y ) JLYHV�WKH�LQWHQVLW\�RI�D�FKDQQHO�DW�SRVLWLRQ

( x, y )

² 5HDOLVWLFDOO\��ZH�H[SHFW�WKH�LPDJH�RQO\�WR�EH
GHILQHG�RYHU�D�UHFWDQJOH��ZLWK�D�ILQLWH�UDQJH�

• f: [a,b]x[c,d] ➙ [0,1]

² $�FRORXU�LPDJH�LV�MXVW�WKUHH�IXQFWLRQV�SDVWHG
WRJHWKHU�

• F( x, y ) = (fr( x, y ), fg( x, y ), fb( x, y ))

� ,Q�FRPSXWHU�JUDSKLFV��ZH�XVXDOO\�RSHUDWH�RQ
GLJLWDO��GLVFUHWH��LPDJHV
² 4XDQWL]H�VSDFH�LQWR�XQLWV��SL[HOV�

² ,PDJH�LV�FRQVWDQW�RYHU�HDFK�XQLW

² $�NLQG�RI�VWHS�IXQFWLRQ

– f: {0 … m-1}x{0 … n-1} ➙ [0,1]

� $Q�LPDJH�SURFHVVLQJ�RSHUDWLRQ�W\SLFDOO\�GHILQHV�D
QHZ�LPDJH�f’ �LQ�WHUPV�RI�DQ�H[LVWLQJ�LPDJH�f

,PDJHV�DV�)XQFWLRQV



3L[HO�WR�SL[HO�2SHUDWLRQV
� 7KH�VLPSOHVW�RSHUDWLRQV�DUH�WKRVH�WKDW�WUDQVIRUP

HDFK�SL[HO�LQ�LVRODWLRQ
– f’ ( x, y ) = g(f (x,y))

� ([DPSOH��WKUHVKROG��5*%�➙�JUH\VFDOH

3L[HO�0RYHPHQW
� 6RPH�RSHUDWLRQV�SUHVHUYH�LQWHQVLWLHV��EXW�PRYH

SL[HOV�DURXQG�LQ�WKH�LPDJH
– f’ ( x, y ) = f(g(x,y), h(x,y))

� ([DPSOHV��PDQ\�DPXVLQJ�ZDUSV�RI�LPDJHV

1RLVH

� &RPPRQ�W\SHV�RI�QRLVH�
² 6DOW�DQG�SHSSHU�QRLVH��FRQWDLQV�UDQGRP

RFFXUHQFHV�RI�EODFN�DQG�ZKLWH�SL[HOV

² ,PSXOVH�QRLVH��FRQWDLQV�UDQGRP�RFFXUHQFHV�RI
ZKLWH�SL[HOV

² *DXVVLDQ�QRLVH��YDULDWLRQV�LQ�LQWHQVLW\�GUDZQ�IURP
D�*DXVVLDQ�QRUPDO�GLVWULEXWLRQ

Original

Gaussian noise

Salt and pepper noise

Impulse noise

1RLVH�5HGXFWLRQ
� +RZ�FDQ�ZH�´VPRRWKµ�DZD\�QRLVH"

� ,V�WKHUH�D�PRUH�DEVWUDFW�ZD\�WR�UHSUHVHQW�WKLV
VRUW�RI�RSHUDWLRQ"�2I�FRXUVH�WKHUH�LV�



&RQYROXWLRQ
� &RQYROXWLRQ�LV�D�IDQF\�ZD\�WR�FRPELQH�WZR

IXQFWLRQV�
² 7KLQN�RI�f�DV�DQ�LPDJH�DQG�g�DV�D�´VPHDUµ

RSHUDWRU

– g�GHWHUPLQHV�D�QHZ�LQWHQVLW\�DW�HDFK�SRLQW�LQ
WHUPV�RI�LQWHQVLWLHV�RI�D�QHLJKERXUKRRG�RI�WKDW
SRLQW

� 7KH�FRPSXWDWLRQ�DW�HDFK�SRLQW�(x,y)�LV�OLNH�WKH
FRPSXWDWLRQ�RI�FRQH�UHVSRQVHV

'LVFUHWH�&RQYROXWLRQ
� 6LQFH�GLJLWDO�LPDJHV�DUH�OLNH�VWHS�IXQFWLRQV�

LQWHJUDWLRQ�EHFRPHV�VXPPDWLRQ���:H�FDQ
H[SUHVV�FRQYROXWLRQ�DV�D�WZR�GLPHQVLRQDO�VXP�

&RQYROXWLRQ�5HSUHVHQWDWLRQ
� 6LQFH�f�DQG�g�DUH�GHILQHG�RYHU�ILQLWH�UHJLRQV��ZH

FDQ�ZULWH�WKHP�RXW�LQ�WZR�GLPHQVLRQDO�DUUD\V�

� 1RWH��7KLV�LV�QRW�PDWUL[�PXOWLSOLFDWLRQ�

62 79 23 119 120 105 4 0

10 10 9 62 12 78 34 0

10 58 197 46 46 0 0 48

176 135 5 188 191 68 0 49

2 1 1 29 26 37 0 77

0 89 144 147 187 102 62 208

255 252 0 166 123 62 0 31

166 63 127 17 1 0 99 30

X .2 X 0 X .2

X 0 X .2 X 0

X .2 X 0 X .2



0HDQ�)LOWHUV
� +RZ�FDQ�ZH�UHSUHVHQW�RXU�QRLVH�UHGXFLQJ

DYHUDJLQJ�ILOWHU�DV�D�FRQYROXWLRQ�GLDJUDP"



8VLQJ�0HDQ�)LOWHUV
Gaussian noise Salt and pepper noise

3x3

5x5

7x7

*DXVVLDQ�)LOWHUV
� *DXVVLDQ�ILOWHUV�ZHLJK�SL[HOV�EDVHG�RQ�WKHLU

GLVWDQFH�WR�WKH�ORFDWLRQ�RI�FRQYROXWLRQ�

� 7KLV�GRHV�D�JRRG�MRE�RI�EOXUULQJ�QRLVH�ZKLOH
SUHVHUYLQJ�IHDWXUHV�RI�WKH�LPDJH�

8VLQJ�*DXVVLDQ�)LOWHUV
Gaussian noise Salt and pepper noise

3x3

5x5

7x7

0HGLDQ�)LOWHUV
� $�0HGLDQ�)LOWHU�RSHUDWHV�RYHU�D�kxk UHJLRQ�E\

VHOHFWLQJ�WKH�PHGLDQ�LQWHQVLW\�LQ�WKH�UHJLRQ�

� :KDW�DGYDQWDJH�GRHV�D�PHGLDQ�ILOWHU�KDYH�RYHU�D
PHDQ�ILOWHU"

� ,V�D�PHGLDQ�ILOWHU�D�NLQG�RI�FRQYROXWLRQ"



8VLQJ�0HGLDQ�)LOWHUV
Gaussian noise Salt and pepper noise

3x3

5x5

7x7

(GJH�'HWHFWLRQ
� 2QH�RI�WKH�PRVW�LPSRUWDQW�XVHV�RI�LPDJH

SURFHVVLQJ�LV�HGJH�GHWHFWLRQ
² 5HDOO\�HDV\�IRU�KXPDQV

² 5HDOO\�GLIILFXOW�IRU�FRPSXWHUV

² )XQGDPHQWDO�LQ�FRPSXWHU�YLVLRQ

² ,PSRUWDQW�LQ�PDQ\�JUDSKLFV�DSSOLFDWLRQV

� :KDW�GHILQHV�DQ�HGJH"

Step

Ramp

Line

Roof

*UDGLHQW
� 7KH�JUDGLHQW�LV�WKH��'�HTXLYDOHQW�RI�WKH

GHULYDWLYH�

� 3URSHUWLHV�RI�WKH�JUDGLHQW
² ,W·V�D�YHFWRU

² 3RLQWV�LQ�WKH�GLUHFWLRQ�RI�PD[LPXP�LQFUHDVH�RI�f

² 0DJQLWXGH�LV�UDWH�RI�LQFUHDVH

� +RZ�FDQ�ZH�DSSUR[LPDWH�WKH�JUDGLHQW�LQ�D
GLVFUHWH�LPDJH"

(GJH�'HWHFWLRQ�$OJRULWKPV
� (GJH�GHWHFWLRQ�DOJRULWKPV�W\SLFDOO\�SURFHHG�LQ

WKUHH�RU�IRXU�VWHSV�
² )LOWHULQJ��FXW�GRZQ�RQ�QRLVH

² (QKDQFHPHQW��DPSOLI\�WKH�GLIIHUHQFH�EHWZHHQ
HGJHV�DQG�QRQ�HGJHV

² 'HWHFWLRQ��XVH�D�WKUHVKROG�RSHUDWLRQ

² /RFDOL]DWLRQ��RSWLRQDO���HVWLPDWH�JHRPHWU\�RI
HGJHV�EH\RQG�SL[HOV



(GJH�(QKDQFHPHQW
� $�SRSXODU�JUDGLHQW�PDJQLWXGH�FRPSXWDWLRQ�LV�WKH

6REHO�RSHUDWRU�

� :H�FDQ�WKHQ�FRPSXWH�WKH�PDJQLWXGH�RI�WKH
YHFWRU�(sx,sy)

8VLQJ�6REHO�2SHUDWRUV

Original Smoothed

Sx + 128 Sy + 128

Magnitude Threshold = 64 Threshold = 128

6HFRQG�'HULYDWLYH�2SHUDWRUV
� 7KH�6REHO�RSHUDWRU�FDQ�SURGXFH�WKLFN�HGJHV�

,GHDOO\��ZH·UH�ORRNLQJ�IRU�LQILQLWHO\�WKLQ
ERXQGDULHV�

� $Q�DOWHUQDWLYH�DSSURDFK�LV�WR�ORRN�IRU�ORFDO
H[WUHPD�LQ�WKH�ILUVW�GHULYDWLYH��SODFHV�ZKHUH�WKH
FKDQJH�LQ�WKH�JUDGLHQW�LV�KLJKHVW�

� :H�FDQ�ILQG�WKHVH�E\�ORRNLQJ�IRU�]HURHV�LQ�WKH
VHFRQG�GHULYDWLYH

� 8VLQJ�VLPLODU�UHDVRQLQJ�DV�DERYH��ZH�FDQ�GHULYH
D�/DSODFLDQ�ILOWHU��ZKLFK�DSSUR[LPDWHV�WKH�VHFRQG
GHULYDWLYH�

� =HUR�YDOXHV�LQ�WKH�FRQYROXWHG�LPDJH�FRUUHVSRQG
WR�H[WUHPH�JUDGLHQWV��L�H��HGJHV�

6XPPDU\
� )RUPDO�GHILQLWLRQV�RI�LPDJH�DQG�LPDJH

SURFHVVLQJ

� .LQGV�RI�LPDJH�SURFHVVLQJ��SL[HO�WR�SL[HO��SL[HO
PRYHPHQW��FRQYROXWLRQ��RWKHUV

� 7\SHV�RI�QRLVH�DQG�VWUDWHJLHV�IRU�QRLVH�UHGXFWLRQ

� 'HILQLWLRQ�RI�FRQYROXWLRQ�DQG�KRZ�GLVFUHWH
FRQYROXWLRQ�ZRUNV

� 7KH�HIIHFWV�RI�PHDQ��PHGLDQ�DQG�*DXVVLDQ
ILOWHULQJ

� +RZ�HGJH�GHWHFWLRQ�LV�GRQH

� *UDGLHQWV�DQG�GLVFUHWH�DSSUR[LPDWLRQV


