
Lecture 1:
Image transformation

Image transformation = 

!"# $ % & '())"'#*(+ (, *-./"0 (, 0*1" 2 .+3 4.+/" (, $ *+#"+0*#5 #(
6
7 8

9

& : , ; 7-- 6
< %= > ? (, ,'*

6 @ > ;7 A % ; *
6 @ ;2 B

< ,(4 0*-C)*'*#5 6
.00D-" , $ *0 $ . 0ED.4" $ *-./"0 '.+ F" /"+"4.) 2*G 21 $ *-./" >

H * % I % < #4.+0,(4- (+" *-./" #( .+(#J"4 >

H K*+3 . 0D*#.F)" #4.+0,(4-.#*(+ L#

%-./*+/ C4(F)"-0
M

/ ? $ & L', > F"'(-"0 /((3 N

O %
+(*05 *-./"P Q*R"+ . +(*05 % 3*0#(4#"3 *-./" /

.+3 #4.+0,(4-.#*(+ L
6

,*+3 (4*/*+.)
')".+ $ *-./" ,

9

S & L', > T +
U

V+W+(X+

L

W+(X+
W+#(X+

Y
D+W+(X+ < %+R"40" C4(F)"->



Definition: (Linear image transformation)
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Remark:

Definition: (Point spread function)

Definition: (Shift-invariant)

!"G
6
!

6 5 6 C > & J(X -D'J *+CD# R.)D" $ .# *G9 5 > *+,)D"+'"

#J" (D#CD# R.)D" .# ' j
6 C > 9

h*G") f G9 5 > .,,"'#*+/ C*G") 9 f !
6 C > F5 .

X"*/J# J'G9#+
6 5 6 C > 9

k

f3
6

J# 9

6
3

6
9 C > *0 '.))"3 #J" hlK .# f!

6 C > 9

L ^

K*G j
6 C 9

!"# G9 5 .0 R.4*.F)"0 N

9 $ %

bahlL *0
^

lJ*,#

*+R.4*.+#
*, ?

,4 < G
6
!

6 5 6 C > & J !! a m
6 C a 5 > ,(4 na)0G959.9C"2



Definition: (Convolution)

Theorem:

Proof:

Remark:
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Definition: (Separable)

Theorem:

Proof:

b hlK *0 l"C.4.F)"9
*,

?!
' G

6
.

6 5 6 C > & J''G
6
3> J4)5 6 C > ,(4 n % ; G9 p 6

39h;2 9

lDCC(0" hlK $ *0 0"C.4.F)" 9
LJ"+ ?

LJ" (C"4.#(49 H '(+0*0#0 (, #X( -.#4*G -D)#*C)*'.#*(+ 9

/"#6 C > & %%
6

,*G 6 5 > J'G9#+ 6 5 6 C >

% ^o1tE %;;; ,D+ J''G9+J4"5940 6

& %%
6

J" "G
6

,*G 6 5)J4)5 6 C>
u

-.#4*G -D)#*C)*'.#*(+
-.#4*G -D)#*C)*'.#*(+


