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e&e&e&e&e&eYe&e&e&e&e&eYe&e&e&e&eYe&e&e&e ��B_A-H=�fNQP�BRF�>&EXJOEk�=P�VWBRSUE&Bk�fp]q<?OC_�R�Ye
6D6�e&eYe&e&e&e&eYe&e&e&e&e&eYe&e&e&e&e&eYe ��SUcdCDB_A-l�Ek�f?=A-CDS�A-c��fp]q<?OCR�_��e
6D6f6)e&e&eYe&e&e&e&e&eYe&e&e&e&e&eYe&e&e&e ��SUcdCDB_A-l�Ek�f?=A-CDS�A-c��fp@rG?OCR�_��e
6M��eYe&e&e&e&e&eYe&e&e&e&eYe&e&e&e&e&eYe ��BRAIJOSdE@HIC[E&C�JW>YCDE]\�CRSdPIH�?=A�B[�DE&V=Sdc��9p]r<?WCR�_��e
��e&eYe&e&e&e&eYe&e&e&e&e&eYe&e&e&e&e&eYe ��BDP��fSUP�H�� 5aSdc�A1C_A1CRSdPIHh�9p@rG?OC_�R�Ye
�76$eYe&e&e&e&e&eYe&e&e&e&eYe&e&e&e&e&eYe ��SUcdCDB_A-l�E�NQBD>]TIV=E&HICRSdE@c��~q<?WCR�_��e
�76D6¡e&e&eYe&e&e&e&eYe&e&e&e&e&eYe&e&e&e ¢�E&l�F�E@HICRA-CDSUP�H�EYC7\&P�F�?OCRA�l�E��2q<?OC_�R�Ye
�76D6D6£e&e&e&eYe&e&e&e&e&eYe&e&e&e&e&eYe 8[E@�fCRA-V=BRA-CDSUP�H�JLK SdF
A-lIE
�~q<?OC_�R�Ye
6M¤�eYe&e&e&e&e&eYe&e&e&e&eYe&e&e&e&e&eYe ¥�S��9CRP�l�B_A-F�F�E��~qG?OCR�_��e
¤�e&eYe&e&e&e&eYe&e&e&e&e&eYe&e&e&e&e&eYe ¦�^W>&HWPIF�§&HWEk?=A�BfCRSU\&VWcUSdE@Bk�2q<?OCR�_��e
¤76$eYe&e&e&e&e&eYe&e&e&e&eYe&e&e&e&e&eYe ¢�?bE@\�CRBDE¨�2©`?WCR�_��e
¤76D6¡e&e&eYe&e&e&e&eYe&e&e&e&e&eYe&e&e&e ��B_A-H=�fNQP�BRF�>&EXJOEk¥aA�JWA�F
A-B_J$�~ªG?OC_�R�Ye
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��� ��B_A-H=�fNQP�BRF�>&EXJOEk�=P�VWBRSUE&Bk�fp]q<?OCR�_�
� e}¢�S

F(f) = F
;WP�H¬JW>&F�P�HICRBDEZTIV=E�;=�fPIV=�yBD>]�fE&BR«�EXJOEk\&P�H�«�E&BRl�E&H=\&E�JOE]�ySUHICR>&lIBRA�cdE]�&;

∫ +∞

−∞

|f(x)|2 dx =

∫ +∞

−∞

|F (ν)|2 dν.

� E&CfCREXNQPIBDF`V=cdEkE]�9C7cUAGNQPIBDF`VWcUEZJOEZ¦ A�BR�DE&«-A-cºT�VWSLCRB_A�JOVWSdC�c�A
\YPIH=�fE@BD«-A1CDSUP�H�JOEZc2K >@HWE&BRl�SUEkJWA�H=�[c�A���B_A-H=�fNQP�BRF�>&EXJWE
�=P�VWBRSdE@B@e���H¬VOCRSdcUS��DA�HIC7\YEYCDCDEk?WBRP�?WBRSU>YCR>�;O\@A-c�\YVWcUE&B[c2K SUHICR>&l�B_A-cUEX�DVWSU«1A-H�CDEI;

∫ +∞

−∞

( sinx

x

)2

dx.

��e	�[CRSdcUS��fE@B[c�A���B_A-H}�9NQPIBDF�>&EXJOEZ�WP�V=BDSUE&B�JOEXc�A<NQP�H}\�CDSUP�H
Π(x)

?bP�VWByCRBDPIVW«�E&BycUE@�yCDB_A-H=�fNQP�BRF�>&E]� JOEI;

Π
(x− 1

2

) EYC
xΠ(x).
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� e���H)\&P�H=�DS�JO>&B_A-HIC[cUA<NQPIH=\�CRSdPIH�?bP�BDCDE

Π(x)
;WHWP�V}�[A]«�PIH=�@;

∫ +∞

−∞

Π2(x) dx =

∫ +1/2

−1/2

Π2(x) dx = 1,

JºK P��º; ∫ +∞

−∞

( sinπν

πν

)2

dν = 1,

�fPIS+C[E@H=\YPIBDEI;�E@H�?bPI�RA-H�C
πν = x,

∫ +∞

−∞

( sinx

x

)2

dx = π.

��eb:aH�P��OCRSdE@HIC];WE&H¬VOCDSUcdS��RA-HIC�cUE@�[?WBRP�?WBRSd>&CD>@�[JOEXc�A���BRA�H=�fNQP�BRFG>@E�JOEZ�WPIVWBRSdE@B@;

F
(

Π
(x− 1

2

))

= 2 exp (−2jπν)
sin(2πν)

2πν
.

F
(

xΠ(x)
)

= −
1

2πj

( sinπν

πν

)

′

=
j

2

(cosπν

πν
−
sinπν

π2ν2

)

.

����� �wSUc+CRBRA�l�Ek�f?=A-CDS�A-c��fp]q<?OCR�_�
��BRP�VW«�E@B�c2K E��O?WBDE]�D�DSUP�HkF
A1CR^W>&F
A-CDS�TIV=E�EYCwc2K A-cUcdV=BDE�JWE�cUA7BR>&?bPIH=�fE�NQBR>@T�VWE&H�CDSUE&cUcUE JOV`F
A��RT�VWE�JWE \YPIH�«�P�cUVOCRSdPIH

h(x, y)JOPIHWHW>y\YS��4JWE@�R�fPIV=�&em��BRAI\YE@Bw�DP�F�F
A-SUBDE@FGE@HICwc2K A�cUcdVWBRE JOE[�DA7BR>&?bPIH=�DE�NQBR>@T�VWE@HICDSUE&cº�QE@H<VWHWE[JOSUFGE@H=�DSdPIH}��e-57E[T�VWE&c�C���?bEyJWE
 cdCDBRE¨�Q?}A��R�fE��!�=AI�&;O?=A��R�DE��4^=A-VOC];O?=A��R�DE��"�=A-H=JOEI;OEYCR\�e �[�@K A-l�SdCyC#�2SUc%$Z¦wPIVW«1A�S+C#�2PIH�?WBD>@«�P�SUB[cdEkBR>@�DVWcdCRA-C'&9V=�fCDEZE&H)BDE@lIA-B_JWA-HIC
cUE@�'\&P�E�(¨\YSUE&H�C�JOE \YE  cdCDBRE)$+*�V}�9CRS  E@B'«�P-CRBDE)BR>&?bPIH=�fEIe�5aE TIV=E&c�C,��?bE$JWE)NQP�H}\�CDSUP�H \&P�H�CDSUH�VWE \YE  cdCDBRE¯E]�9C�\YE&H=�D>
?WBRPm«�E@HWSUB�$X�y^W>@P�BRSUT�VWE@F�E&HIC�T�VºK A-VWB_A-SdC[JWV�C]K PIH�P��WCDE&H=SdB�J=A-H=�ycUEkJWP�F
A-SUHWE�NQBD>]T�VWE&H�CDSUE&c%$-���9C#�4\&EXcUEk\@A��.$k¦wP�V=BRT�VWPIS%$

h(x, y) = 1
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p / p
/ 0 /
p / p
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1

4

p
/
p 1

4

p / p

H(u) =

+∞
∑

x=−∞

h(x) exp (−2πjux) =

+1
∑

x=−1

h(x) exp (−2πjux),

=
1

4
[exp (2πju) + 2 + exp (−2πju)] =

1

4
[2 + 2 cos(2πu)] =

1 + cos(2πu)

2
.
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� K E@�fCXVWH  c+CRBDE�?=A��R�fE��!�=AI���b\&E�TIV=EGc~K P�H ?bP�VW«-A-SdC�?WBR>&«�PISdB�E&H¡\&P�H=�fCRA-CRA�HICXT�VWE<CRP�V=��cUE@�X\&P�E�(¨\&SdE@HICR�XJOE
\YE  cdCDBRE
�DP�HICZ?bPI�DS+CRS+N �@e � E  cdCDBRE
E@�fCkVWH  cdCDBRE¨�XA�V=�R�fSUE&Hº;�\YE&H=�D>�?WBRP1«�E&HWSUBkJOE
c�A¬JOSU�R\YBR>YCRSU�RA1CRSUP�H¡JOE
cUA�NQP�H=\YCDSUP�H£�XA�V=�D�DSUE&HWHWE
�WSUE&H�\&P�HWH�VWE�eO�y^=>&P�BRS�TIV=E&F�E&H�C@;O�fSL\�K >&CRA�S+Cy?}A-BDN A-SdCDE&F�E@HICycdEk\&A��@;�PIH�A�VWBRA�SdC JWV�P��OCRE&HWSUB[JWA-H}��cUEXJOPIF
A-SUHWE7NQBR>@T�VWE@HICDSUE&c
VWHWE<�XA-V}�D�DSdE@HWHWEI;=\YEZT�VWS�HºK E@�fC�?=AI�[cdE`\&A��[S�\YS2eb:aH¬P��OCDSUE&H�Ca�fE@VWcdE@FGE@HIC7c�A�BDE]\YP�H=�fCRBDV=\YCDSUP�H�JWEkc�A¨�XA-V=�R�DSdE@HWHWEk?=A-B�cdE]�
JOE@V�� ?WBRE&F�SUE&B_��CDE&BRF�E@�ZJOE
c�A¬�D>&BRSdE
JOE¨�=P�V=BDSUE&BZ\YPIF�?WcdE��OE)�QBRE@\&P�H=�fCDBRV=\�CRSdPIH ?=A�BkcdE]�ZJOE&V��¡?WBDE@F�Sd§@BDE]��E��O?bP�HWE@HICDSUE&c��
\YPIF�?WcdE��OE@�_��e

������� �wSUc+CRBRA�l�Ek�f?=A-CDS�A-c��9p]rG?OCR�_�
87A-?W?bE&cUE��¯c~K E��O?WBRE@�R�DSdPIH F
A1CR^W>&F
A-CDS�TIV=E)EYC'c2K A-cUcdVWBRE¯JOE¯cUAhBR>&?bPIH=�fE¬NQBD>]T�VWE&HICRSUE&cUcdE$JOV�F
A��RTIV=E)JWE¯\&P�H�«�PIcdVWCDSUP�H

h(x, y)
JOP�HWH=>X\&S �MJOE@�R�DP�V=��E&CyCDB_A�\&E&By�DP�F�F
A-SUBRE&F�E&H�C c2K A-cUcdVWBREXJOEk�RA`BR>&?bPIH=�DE7NQBD>]T�VWE&H�CDSUE&c�� E&H�VWHWEkJWSdF�E&H}�fSUP�H}�Ye��aVWE@c

CDB_A-H}�9NQPIBDF
A1CRSdPIH¯F
A1CR^W>&F
A1CRSUT�VWEGN A-VOC#�2SUc N A-SUBDE�JWA�H=��cUE�JOPIF�A�SdH=E`NQBR>@T�VWE@HICRSdE@c ?bPIVWBkT�VWE�\&EGF
A��RT�VWEGJWE�\&P�H�«�PIcdVWCDSUP�H
�DP�SdC7VWH)«�B_A-S��  cdCDBREZ?=AI�D�DE��4^=A-VWC�� $<5�A-H=�7cdE<JOP�F
A-SUHWE`�D?=A1CRSUA�c~;}T�VWE@cdcUEZPI?}>@BRA-CDSUP�H)\YE&c�A
SdF�?WcUS�T�VWEZC �4Sdcw�fV=B7cdE`F
A��RTIV=E
JOE¡\YP�H�«�P�cUVOCDSUP�H p]5 ?bP�VWB�T�VWE \&E&c�A��DP�SdC'V=H «�BRA�SU�  cdCDBRE$?=AI�D�DE��4^=A-VWC�$$��BRP�VW«�E&B'cUE$F
A��RTIV=E$JOE \&P�H�«�P�cUVOCDSUP�H /-5
\YPIBDBRE@�D?bP�H=JWA-H�C@e

h(x, y) =

p �	� p
�
� � �
�
p �	� p
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�_p

�_p � �_p
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H(u) =
+∞
∑

x=−∞

h(x) exp (−2πjux) =
+1
∑

x=−1

h(x) exp (−2πjux),

= − exp (2πju) + 3− exp (−2πju) = 3− 2 cos(2πu).
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f(
x)

x

3-2cos(2piu)

f(x)

� K E@�fC<V=H�BRE&^=A�V=�D�DE&V=B`JOE�\YPIHICDPIVWB];�\&E'HºK E@�fCGJOPIH=\¨?=AI�ZV=H�BR>&E@c  c+CRBDE�?=A��R�fE��2^=A�VOC@e�¦wPIVWBGT�VWE�\&E&c�A)E@H³�DP�SdC<VWHº;
SUcyN A-V=JWBRA�S+C�BREYCRBRA�H=\_^WE&B�JWA�H=�GcUE)JOP�F
A-SUHWE�NQBR>@T�VWE@HICRSdE@c[cUA NQP�H=\YCDSUP�H \&P�H=�fCRA�HICRE

f(ν) = −1
;�S~e E�eU;�BREYCDB_A-H}\R^WE@B�JWA-H=�

cUE'JOP�F
A-SUHWE¨�D?=A-CDS�A-c�c�A�NQPIH=\�CRSdPIH
F−1(f(ν)) = −δ(x)

e�5�A-H=�`\YE'\@A��@;ºP�H£P��OCRSdE@H=JOBRA�SdCZcdE¨F
AI�DT�VWE¨JOE'\&P�H�«�P�cUVOCDSUP�H
[−1 3 − 1]− [0 1 0] = [−1 2 − 1]

;WT�VWSLE]�9C �=SdE@H�VWH�«�B_A-S��  cdCDBREX?=AI�D�DE�^=A-VWC@e���H /�5 \YE@cUA�\YP�BRBRE@�D?bP�H=J'A-V�F�AI�DT�VWE
JOEZ\YPIH�«�P�cUVOCRSdPIH�\YS�JOE@�R�DP�V=�@;

p ��/ p
��/ 0 �,/
p ��/ p

��� � ��B_A�JWSdE@HIC[E&C�JW>YCDE]\�CRSdPIH�?=A�B[�DE&V=Sdc��9p]r<?WCR�_�
� A�cU\&VWcUE&B�c�A<\YPIH�«�PIcdVOCRSdPIH¨H�VWF�>@BDS�T�VWE�JOE�c~K SUF�A�l�E

I(x, y)
\YS��MJOE@�R�fPIV=��A]«IE@\�cUEaF
AI�DT�VWE�JOE�\&P�H�«�P�cUVOCDSUP�H¨E@H

x
EYCyE&H

y
JOPIHIC[c2K PIBDSUl�SUHWEXA<>YCR>XSUH=JOS�TIV=>X?=A-B[VWHWE��=§]\R^WEIeO6MH=JOS�T�VWE&B[cUE@�yBR>@�DVWc+C_A1C_�y\YSºJOE]�D�DP�V}�&;�BRE@�D?bE@\�CRSd«IE&F�E&HIC[c�AG\&P�H�«�PIcdVWCDSUP�H

Am«�E@\
cdE'l�B_A�JOSUE&H�CZE@H
x
;w\YE@cdVWS�E@H

y
;�E&C<cdE'BD>]�fV=c+C_A1C<JOE'c~K A-?W?=BDP �OSdF
A-CDSUP�HhJWV£F�POJOV=cdE�JOV�l�B_A�JOSUE&H�CZ?=A�BZc�A¬NQP�BRF`VWcUE

�DVWSd«-A-H�CDE
|G| = |Gx ∗ I(x, y)|+ |Gy ∗ I(x, y)|

EYC cdEaBD>]�fVWcdC_A1C JOE7c�A`JO>YCRE@\YCDSUP�H'JWV'\&P�HICRP�VWB �fS/\YEaFGPWJOVWcdE�JOE7lIBRAIJOSUE&HIC
E@�fC7�fVW?b>@BDSUE&VWB[P�V�>@lIA-cUE��<CRBDPISU�@e
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0 0 0 0
0 0
0
0

1

1
5 4 4 3
2 3 4 3

0

2 3 2
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Gx Gy

0 0 0
0 0
0
0
0
0 0 0 00

00
0

−1 1
−2 −1 1

−2 −1 −1 1
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1−1
−5

0
0
0
0
0 0 1 0 0 0

4 4 4 30
0 −3 −1 0 0
0 −2 −1 −1 −1
0 0 −2 −2 −2

0 0
0
0
0
0 1 0 0 0

3 5 4 3
8 2 0 1
4 2 2 2

4 3 3

|Gx| + |Gy| et Resultat

� � ��BDP��fSUP�H�� 5aSdc�A1C_A1CRSdPIHh�9p@rG?OC_�R�
� A�cU\&VWcUE&B c2K >&BRPI�DSdPIH`EYC�cUAXJOSUcUA-CRA-CDSUP�HGJWEyc�A7NQPIBDF�E

F
?}A-B�cdE]� >&cU>&F�E&H�CR� 0 �M\YP�H=HWE��OE�E&C�ª �4\&P�HWHWE���EyJOPIHWHW>@��\&S �MJOE@�R�DP�V=�

� \YN9e=�wSUl�VWBRE�p]��e

Elément 8−connexeElément 4−connexe�~�=� �����

��������p	��
n�
����.1z�t
3
F

������ u��Yt
3&,=0��=sf�R.1,},b3R%�3<3Y0���sf�R.-,=,b3R%�3@{


���
������@�

� ��� �wSUcdCDB_A-l�E�NQBD>]TIV=E&HICRSdE@c��~q<?WCR�_�
5a>@\&BDSU«�E��XcUEX?=BDPO\&E@�R�fV}��F�S��yE@H�P�E@VW«�BDEX�DVWB[c2K E��OE&F�?WcUEkJOEkc�A���SUlIVWBDE �GEYC7\&P�F�F�E&HICRE��Z�fPIH�BR>@�DVWc+C_A1C]e
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����� �)/ � 
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� ��.1z�t
3��-(nud#10 �_3��=#1zGu	� �Yu��Yt
3Y,}0 �=sf�R.-,=,/3D%�3]{ 
 ��� ��.1z�t
3
�1(nud#-0 �_3��W#1zGu	� �&u �Yt
3&,=0 �-sf�_.1,=,/3D%�3]{ 
�� � ��.1z�t
3
�&zD.
� �_3��W#1zZu	� �&u �&t�3&,=0 �Wsf�_.1,},b3R%�3@{�
�� ����.-z�t�3 �&zD.
� �_3��W#1zZu	� �&u �&t�3&,}0���sf�R.-,=,b3R%�3@{

������� � ���b|=�R�_3�����(��13Yt
3&,=0���u�� (nt�#@*I3G(n,=(n02(Q#-ud3����Y.-,����W3R�&02zD3��I3 ��.1|Oz�( 3&z���ud3����W3_�Y02zD3`t�.
�-( ����3Y0�u	� (nt
#&*�3<z ����|Ou 04#-04{
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� Ey?WBRPO\YE@�R�DV=��E@�fC VWH  cdCDBRE ?=AI�D�DE��"�=A��@e]6McO\&P�H=�DS��9CRE A�\@A-c�\YVWcUE&B cUA��[�¯JWE c2K SUF
A-lIE�E&C �aF`V=c+CRSd?WcUSUE&B�\YE&CfCRE[�[�)?=A-B VWHWE

NQP�H}\�CDSUP�HG?bP�BDCDE �WS�JOSdF�E@H=�fSUP�H=HWE&cUcdEIe � E&c�A�Aa?bP�VWB E��bE&C�JOE ��u 02zD3&zºcUE �=BDVWSdC�F
A-S�� A-V}�D�DSOJLK >@cdSUF�SdH=E&B�cdE]� JO>&CRA�Sdc�� JOEyc2K SUF
A-lIE
EYCyJLK SUHICDBRPOJOV=SdBRE7VWH �}P�V'�DVWB�c2K SUF
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• <

[

2 1
3 2

] [

1 1
1 1

]

> /4 = 2
;

• <

[

2 1
3 2

] [

−1 1
−1 1

]

> /4 = −1/2
;

• <

[

2 1
3 2

] [

−1 −1
1 1

]

> /4 = 1/2
;

• <

[

2 1
3 2

] [

1 −1
−1 1

]

> /4 = 0
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[

2 1
3 2

]

= 2

[

1 1
1 1

]

− 1/2

[

−1 1
−1 1

]

+ 1/2

[

−1 −1
1 1

]

+ 0

[

1 −1
−1 1

]
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I(x, y) = 128 + 127 ∗ cos(2π(26x+ 30y)/128).
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I(x, y) = 128 + 127 ∗ cos(2π(kxx+ kyy)).
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