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Multiplication problem

Xl transform 12 _ useful
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transform Our useful

application is
QUANTIZATION
and
COMPRESSION!
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General Methods - Video Subband Encoding
HAAR Wavelets
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HAAR Wavelets
“ averages and differences ”

original ‘image’ [8 4 1 3] [a b c¢ d]

transformed ‘image’ [6 2 2 -1] [atb c+d a-b c-d]

(level 1) — 2 2 2 2
averages details

[4 2 2 -1][atb+c+d a+b-c-d a-b c-d]
Y Y 4 4 .
averagedetall

of averages

transformed ‘image’
(level 2)
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1-Dimension 2-level Haar Transformyn=4)

1stlevel basis matricesN=4
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2-level Haar Basis Matricesn=4
[8 4 1 3]e

-----
------
---------------------
.....
.........
-------------
............
AAAAA

=[4 2 2 -1]

S A ! 1 I.. ..{
I l l

115




Deriving 2-level Haar Basis Matricesn=4

1st|level basis matrices

RSO R
o »’ "v ‘a

/r— N YN YN \-\

¥ 0 % 0

¥ 0 50

0 Y5 0 )

0 Y5 0 -%
& J o\ J  \_J - //

o
.
.
o
.
. * )
. * .
. Q
.
.
.
o
R
.

2nd level basis matrices
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2-level Inverse Haar Basis Matricesn=4

[4 2 2 -1]e T

*
*
.
ot
.
A‘

[[1110] 11109 1101 (141 0-1]}

= [8 4 1 3]
T A e Ly
i A TTl. Tl.T Tl.l

* Note: process is reversible without loss
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Forward transform e Inverse transform = ?7?

[8 4 1 3] e {transform} ® {transforrﬁl} = [8 4 1 3]

..... . ", T
Yo Va4 % 0O 1 1 1 1
Yo Va4 - 0 ¢ 1 1 -1 -1
Yo Y4 0 Y 1 -1 0 O
Ya Y4 0 -1 O 0 1 -1

- *
Iy *
-----------------------------------------------------------------

....
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Compression - Quantization

[4 2 2 -1]

guantize 25% compression ??
[4 2 20]e

[[1 110 (11109 (1-101 [1-1 0-1]J
What is SNR * =[8422

original [8 4 1 3]
decoded[8 4 2 2]

(+4#+12+3F)/4 _ 90

( (8-8F + (4-4P + (1-2P + (3-20)/4 2
What would SNR be if we quantizedto[4 2 0]-P

Intuition: it's better to quantize values closeto
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1-Dimension 1-level Haar Transform

before

after

200 200 200 202 ...
196 200 202 202 ...
196 198 200 200 ...
194 194 196 198 ...

200 201 ...
198 202 ...
197 200 ...
194 197 ...
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1-Dimension 3-level Haar Transformm=s)

[12 g 10 o6 -4 -2 8 }-4

222-1}3

Step 1 — itlevel [
Step 2- 24 [evel [ 9 2% 2 2 -1 ¢ ]

Step3—8level |4Ya 4 a4 -2Y2 2 2 -1 ]6
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1-Dimension 3-level Haar Transform Basis Matricegu=s)

row 0O

row 1

row 2

row 2

row 4

row 5

row 6

row 7

1/8

1/8

1/4(

1/4

1/2

1/2

1/2

1/2

1

1

1 1-1

0

111 1)1

J/

1 -1-1-1)11

-1 00 0)0

01 -1-1

P

0 00 0|0

1 0 0 0]0
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2-Dimension Multilevel Haar Transform

transform
rows
(1stdimension)
transform klevels
columns
(2nd dimension):
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ExercisePerform a 2-D 2-level Haar standard transform on
the following 4 X 4 pixel image

18 8 9 1 13 5 5 4 9 4 5 4
20 6 11 15@) 13 13 7 2m=p 130 7 -2
16 8 6 6 12 6 4 0 9 3 4 0
6 6 -2 2 6 0 0 -2 335-2
11 2 6
6 3 2 -1
2 2 -1 3
3 0 2 1
!
85 25 4 O
25 -5 2 1
2 2 -1 3
3 0 2 1
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Exercise 2;D 2-level Haar standard transformon 4 X 4 pigﬁige
188 9 1| (YaYeYe Yh(YaVaYa-}(%40Q(00% -

20 6 11 15| (Y Y4 Y4 Yh(VaVa-Ya-%} (%% 0Q[00% ¥
16 8 6 : * :

9
13

=
3

wWwwohr~
O b~ O
N O NP

o , , ,
6 6 2 2| Ve ! Yo Va Y =7 v -1/20(};001/2 -3
Ya Ya Ya Yo (YaYa Ya %-%00(00% -4

S

S

transform EACH row
with 1-D 2-level basis matrix

IR

) VA VA A
] i A A A
] i A A A

(v vavn ) (
[ vi-rvevivn ) (

transform EACH column

- V(i ) (
(vt va A

with rotated 1-D 2-level
basis matrix

00 % %
1002 )

1(002-2 )
1(002-2 )

(2400 J |
(%00
(%200 J |
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Compression

85 25 4 O

25 -5 2 1

2 2 -1 3

3 0 2 1

quantize< |1.0]

reconstruction original

85 25 4 O iverse 1957575 15 18 8 9 1
25 0 2 O Cgmp{eisl'%” 195 75 95155 20 6 11 15
2 2 0 3 out o 1557565 65 16 8 6 6
3 0 2 5555 05 0 6 6 -2 7
What is SNR ?

(18 +8&+F+...+2)/16

((18-19.5% + (8-7.5% + (9-7.5% +... + (2-0.5%) / 16

=6.703 = 8.3dbs
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Exercise: Derive the 2-Dimension, 2-level Haar dtad basis matrices for N
-2

18 9

20 6 11 15
16 8 6

6 6
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Exercise: Derive the 2-Dimension, 2-level Haar $asi

Consider 2-Dimension 2-level basis matrix (1,2)

1-Dimension 2-level basis matrices
: Ya
: Ya
Y

row 0
row 1
row 2

row 3

Ya
Ya
1

(1/8 1/8 -1/8 -1
1/8 -1/8 1/8 1/

0
0

0 0
0 0

X

Y2
-Y2
0
0

take cross producow 1 by row?2

Yo Yo Yo -V

1/8 1/8 -1/8 -1/¢
-1/8 -1/8 1/8 1/¢
0 0 0 0
0 0 0 0

WA WY

129



Haar Transform

normalized
original (256 X 256) (atb)/2 (axh)/(273)

corﬁbressién 10:1
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Normalized Haar Wavelet

using (ah)/(27

original 25:1 100:1

Note: Images of Emmy Noether thanks to Prof Mulcggpelman College) 5,



