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Notes

|
U Image File = Header + RGB / GrayScale

5 Maple / Matlab 0 what do they do?




Matlab APl

5 A = 1mread(filename, fmf) reads a grayscale or
color image from the file specified by the
string filename.

5 The return value A 1s an array containing the image
data. If the file contains a grayscale image, A 1s an
M-by-N array. If the file contains a true-color
image, A 1s an M-by-N-by-3 array.



Jjpeg, .jpg
|
5 Image == matrix? No.

5 Approximate way

1PEG - Joint Photographic Experts Group

inread can read any baseling JPEG mage a5 well as JPEG mages with some commanly used extensions, For information abaut suppart for JPEG 2000 fles, see JPEG 2000,

B-bit uintd (rayacale or RGA
120t uint1 Grayscale or RGB
16-bit uintl6 Grayscale




Basically

|
0 Read Image [

O Matrix [

0 SVD /DCT L
O done/ compressed




SVD

S
O SVD: singular value decomposition

Using the SVD we can write an n x n invertible matrix A as:

[0 0 - U\/qlT\

0 @ o0 42
A =P3Q" = (p1, p2,-..,Pn) ’ .

AT

= P1U1'I11T + Pzﬂzqu +--F annQnT



SVD

O Note that A 1s m™*n, U 1s m*m orthogonal matrix, X
1S an m*n matrix containing singular values of A,
and V 1s an r*r orthogonal matrix. And the singular
values of A are:

012 522532”'2 GI‘:—>0

O All these singular values are along the main
diagonal of .

O We can rewrite the formula 1n the following way:



SVD

Using the SVD we can write an n x n invertible matrix A as:

o1 0 0 E11T
0 0 qET
a
A =PEQT=(P1,921---1PH) ’ ) :
: . . . .T
0 0 On Un

= [!‘16‘r1'211T + DzJQQET +---+ annCInT



Approximation

O Approximation of SVD i1s the most crucial part:
[

A=UxyT
A= You v,

A— ol v Tau v

O We know that the terms {Ai} are ordered from greatest to
lowest, thus we can approximate A by varying the number
of items. In other words, we can change the rank of A to
make the approximation (of course, larger number gives us
a more accurate approximation).



One term Three terms



Examples:

10 terms 50 terms



Examples:

300 terms

100 terms



Examples:

Original image

300 terms (rank)



Issues

S
5 Compression Ratio:
[ Not exactly (1+m+n) / (m*n) for a m*n A

I This plot 1s draw by matlab: Image 1s more complex
than we thought

5 MatLab Read original size: 24206
I Just the RGB / GrayScaler
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Cost of items
I e

Cost of one term

1600

1400 T

1200

1000

800 ——

byte

600

400 -

200

-200

index of terms



DCT

0 “Discrete Cosine Transformation”, which works by separate
iImage into parts of different frequencies.

0 A “lossy” compression, because during a step called
“quantization”, where parts of compression occur, the less
important frequencies will be discarded. Later in the
“‘recombine parts” step, which is known as decompression
step, some little distortion will occur, but it will be somehow
adjusted in further steps.



DCT Equations
N

N-1 N1
N (. . (2x+ 1)in (2y+1)yn
Diij) = ETC(}JCUJEEF{LHWE[ W }cm{ W 1
[ L ify=0
Cuy=< > 2
! l  du>0

, | are indices of the ij-th entry of the image
matrix, p(x, y) is the matrix element in that
entry, and N is the size of the block we are

working on.



8 * 8 blocks

O For a standard procedure where N=8, the
equation can be also written as the following
form:

P 7 | |
D = Ao L Lo o g B

=0 =0



T matrix

For an 8x8& block 1t results 1n this matnx:

3536
4904
4619
4157
3536
2T78
1913
0975

3536
4157
1913
- 0975
— 3336
-4904
- 4619
-2778

3536
2778

= 1053
-4904
— 3336
0975
4619
4157

3536
0975
-4619
-2778
3536
4157
-.1913
- 4904

3536 3536
-0y —2TIR
-4619 1913
2778 4904
3536 3336
- 4157 —0975
- 1913 4619
4904 4157

3536 3536
- 4157 4904
1913 4619
0975 4157
—-3336 3536
4904 2778
-4619 1913
27718 —0975




Procedure

S
0 Break the image matrix into 8*8 pixel blocks

0 Applying DCT equations to each block in level
order

0 Each block is compressed through
guantization

O Basically done.

0 When desired, it can be decompressed, by
Inverse Discrete Cosine Transformation.




Example of DCT

154 123 123 123 123 123 123 130
192 180 136 154 154 154 136 110
254 198 154 154 180 154 123 123
239 180 136 180 180 166 123 123
180 154 136 167 166 149 136 136
128 136 123 136 154 180 198 154
123 105 110 149 136 136 180 166
110 136 123 123 123 136 154 136

Original =




-128 for each entry

2 3 B N ¥ =E =3 8
64 52 8 26 26 26 8 -18
126 7 26 26 3 26 ~3 5
11T 532 & 32 32 38 =3 5
g2 26 & 39 3§ 21l B B
0 s =3 @8 26 52 70 26
—y 23 =k J1 8 8 3% 38
=48 8 =~ =y =3 & 26 8

Since pixels are valued from -128 to 127



Apply D = TMT’
S e

1623 406 208 723 303 125 197 =113
M o4 Ty 323 287 135 184 2N
941 o8l 123 434 313 61 33 1
a0 834 34 227 435 155 =13 33
313 179 =55 124 143 -60 1135 -b0
=00 18 128 02 281 126 84 29
460 =24 122 66 187 128 7JJ7 1298
-100 112 78 -163 215 0.0 393 17

T matrix is from the previous equations.



Human eye fact

5 The human eye is fairly good at seeing small
differences in brightness over a relatively large
area

5 But not so good at distinguishing the exact
strength of a high frequency (rapidly varying)
brightness variation.



We know the fact, then

O This fact allows one to reduce the amount of information
required by 1gnoring the high frequency components. This 1s
done by simply dividing each component in the frequency
domain by a constant for that component, and then rounding to
the nearest integer.

O This 1s the main lossy operation in the whole process. As a result
of this, 1t 1s typically the case that many of the higher frequency
components are rounded to zero, and many of the rest become
small positive or negative numbers.



Quantization Matrix
e



Quantization
e

16 11 10 16 24 40 351 6l
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 A7 22 29 31 &7 80 62
I8 22 3F 38 6 JOv 143 71
24 35 53 o4 8l lo4 115 92
49 64 73 87 103 121 120 101
12 92 95 98 112 100 103 99

Oso =

quantization level = 50, a common choice of
Q matrix



Round Equation
S

[ 10 425 1000 |
3 9432 i 000
-7 -51-2-1000 Cu=mwd(D-)
.| 3s0-10000 Oij
2 100 0 000
0 000 0 00O
0 000 0 00O
o 0 0@ 8 b0

Typically, upper left corner. Thus we apply zig-zag order:



Zip-Zag Ordering

(0. 1)

(0.0)
{1lor2/(1,’l] /




Original VS. Decompressed
S

Rij=0Qij*xCij

2 i) P B o
1>4 123 123 123 123 123 123 136 149 134 119 116 121 126 127 128
192 180 136 154 154 154 136 110 204 168 140 144 155 150 135 125
254 198 154 154 180 154 123 123 253 195 155 166 183 165 131 111
239 180 136 180 180 166 123 123 245 185 148 166 184 160 124 107

Original = Decompressed =

180 154 136 167 166 149 136 136 188 149 132 155 172 159 141 136
128 136 123 136 154 180 198 154 132 123 125 143 160 166 168 171
123 105 110 149 136 136 180 166 109 119 126 128 139 158 168 166
110 136 123 123 123 136 154 136 | 11127 127 114 118 141 147 135




Examples
S

Criginal Image Compression Factaor 2

. ih

100 200 300

Compression Factor 4

100 200




More Examples
N

Criginal Image Compression Factaor 2

50
100 §
150
200
250
300

50
100 1§
150
200
250
300




Finale

O Image can be expressed by matrix somehow, but
image 1s much more than that.

O SVD and DCT are techniques to compress 1mage,
but both of them are “lossy”.

O Still many other ways to compress:



Thank you!
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