
Image decomposition based on Singular Value Decomposition (SVD)
Definition: (SVD)
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Remark:

Definition:
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Error of the approximation by SVD
Theorem:

Proof:
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Theorem: ( Existence of SVD)
Proof:

-9")+ ;B* 6;$," 3$5 4 $ =>?
N

<(*56:") 23" #$5" 4 H3"* ;"*
N

{" *"": 23" A(88(H6*, 23"()";
N

G3"()"; & S"2 |- /*B* M" 4 $ 4 )"$8 5+;;"2)6# ;$2)6B
N
G3"*

1
. ()23(*();$8

"6,"*9"#2()5 966N 65
1

N N N

1

.* H623 #())"5%(*:6*, "6,"*9$87"5 57#3 23$2

|D8mm N 4 [ [ .
0

0
&

d(2" 23$2 ,,
G

" /;B; 4 $*: ,6, " /*B* $)" 5+;;"2)6# N

N

X

1
. * %$6)H65" 4 ()23(*();$8 "6,"*9"#2()5 .

1 1
G6$

1
N N N 1

.* 4 (A , G, N

=7%%(5" .
1

1 1
N N N

1

Z) $)" $55(#6$2": H623 *(* [ C")( "6,"*9$87"5 W6
1

WC
1

N N N

1
W)

N



d(2" 23$2 ,,28,96 @ D ,AB696 @ D W6 8 ,26 @ N

N

X

N rG6 4 65 $* 4 "6,"*9"#2() 4 (A
N

,,2 H623 "6,"*9$87" W6
N

S"2 )6 [

[ G$6
N
G3"* &

II, A688 XDA,-6YXs96 @ D 4 62 i ,2,96 4 D G6P6 '6 @ D W6
N

N

X

N
.2 ,)688 D )6

?"A6*" 666N 4 D =A N

G3"* & R66 688 [

[ 6
N

N
V . 62...N

T85(
N 666N 66N 4

D D D V &62
666N ,6,N 4 D%N 666N 27, D V

)6 6A 6

( 6A 62L N

5*;$2;N$;
,

N 6 D}
T;

0
0

0
4

N

) N

@



-B2"*: V . 1
1

66N
1

NNN 66) h 2( $* 4 ()23( 4 *();$8 M$565 V 96N
1

NNN
1
-)

1

G6;
1

NNN

1
.X; h (A .!/

1

-B2"*: V -N 65
1

NNN 1
Z) g 2( $* 4 ()23( 4 *();$8 M$565 V 'N

1
NNN 1

G)
1

')"6
1 NNN 1

26* h (A .! i

G3"*

&KA2%NAL],A26NNNA)NNN_*@DA-2N*N$
6*

[ ;B* [ 6;B*

;B; *B*

K R")" 1
H" 4 *"": 2( 75" 23" A$#2 23$2 ,'LD( A() L O )

1
56*#" R,6L88

DzLD(
A() L O ) @

d(2" 23$2 7G7DE7GD. o >G>D{GD. N
6* ,D 722P >G

1
H3")"

T DK0
0

0

*(
N

N

N(@

K G3" #$5" A() / O * #$* M" 53(H* 56;68$)8+ @



Theorem: ( Existence of SVD)
Proof:
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Definition: (Haar functions)

Haar transformation

Remark:
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Examples of Haar functions:
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Definition (Discrete Haar Transform)
G3" R$$) G)$*5A(); (A $ dWd 6;$," 65 :(*" M+ :696:6*, ^ ~1I g 6*2( %$)2626(*5 N

. . A O
( _d 231 NNN

X

+* N 4 N N 1

S"2 R8P
1
6 @ D R3 ] H3")" P 16D wI1f N N N

N
d X2

N

{" (M2$6* 23" R$$) G)$*5A(); ;$2)6B & 2GDmR H3")" R [DKR8PN62}(53
1
&V \ N 1

G3" R$$) G)$*5A(); (A A-/*B* 65 :"A6*": $5 &

,D2GA2GG N

)"$:



d"": 2( #3"#P &



Remark:

yNy
I

N

R$$) G)$*5A(); 4 757$88+ %)(:7#"5 4 #("AA6#6"*2

;$2)6B 4 H623 ;()" F")(5 Q

h /()" C")(5

RTR

|""* J
N S(#$86C": "))() 4 6* #("AA6#6"*2 4 ;$2)6B #$75"5

8(#$86C": "))() 4 .* 23" 4 )"#(*52)7#2": 6;$,"

,[
8(#$86C": "))()



Elementary images under Haar transform:
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Definition: (Walsh function)

Example:
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Definition: (Discrete Walsh transform)
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Elementary images under Walsh transform:
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