Compression

Image and Video Data Rates

* Image

— 640x480x24b = ~3/4 MB
* Full screen Image

— 1024x768x24b = ~2.5MB

 DVD

— 720x480x24bx30f/s = ~30 MB/s
¢ HD-DVD

— 1920x1080x24bx30f/s = ~178MB/s
* Film

— 4000x3000x36bx30f/s = ~1.5GB/s
— 8 TB for one 90 minute movie!




Lossless vs. Lossy
Compression

» Lossless
— all information stored
— exact original can be reconstructed

e Lossy
— some information discarded

— Goal; discard information humans won't
notice

— much higher compression ratios possible

Kolmogorov Complexity

In some fixed language, what's the shortest
description of some data?




Run Length Encoding
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Alphabets

The alphabet used to determine entropy
IS important

Consider the string X =
ABABABABABAB

With alphabet {A,B} H(X) = 1
With alphabet {AB} H(X) =0

Huffman Coding
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Huffman Coding
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Lossy Compression

e Chroma subsampling

» Transform Coding
— Fourier / DCT (JPEG)
— Wavelets (JPEG2000)

Chroma Subsampling
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Transform Coding

X=22223456666 H(X) = 2.0049

Difference Operator

D(X)=20001111000  H(D(X)) = 1.3222

Bases

 Basis vectors b, by, ..., b,
» Express any vector as

aO*b0+al*b1+ +an*bn
where the coefficients a; are scalars.

» For example, standard basis for R? is
{<1,0>, <0,1>}




Pixel Basis

Another Basis
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Discrete Cosine Transform
(DCT)

N-1 o 1
X = nz_:o 2,,COS N <n+ 5) k]

DCT




DCT

262,144 pixels 43384 largest terms, 16%
(dropped 218,760 terms)

DCT

262,144 pixels 8353 largest terms, 3.2%
(dropped 253,791 terms)




—41
4

Quantization

5 —-30 —-61 27 56 20 -2
-22 —61 10 13 -7 -9

A7 7 77 =25 =20 10 5
—49 12 34 -15 -10 6 2

12

-1
0

-7 -13 -4 =2 2 -3

-8 3 2 -6 =2 1 4

0 0 -2 -1 -3 4

0 -1 -4 -1 0 1
DCT Image

—26

0

-3

_ —4

- 1

0

0

0

Quantized DCT Image

0 16 11
5 12 12
6 14 13
2| [ |14 17
3 15 22
2 24 35
-1 19 64
2 72 92

10
14
16
22
37
55
i)
95

16 24
19 26
24 40
29 51
56 68
64 31
87 103
93 112

40
53
57
37
109
104
121
100

51
60
69
30
103
113
120
103

61
55
56
62
7
92
101
99

Quantization Matrix

-3 -6 2 2

-2 —4 1 1
1 5 -1 -1
1 2 -1 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

oo oo ooo

1

0

oo oo oo oo
[ e i e e i e e |

0

Storage Order

N
N

N

N

N

OO RN
LN
NN
LD RN
N Np N N

N

BN
N

O N
FONNNNNNNNNY

|l\ NN N

|i‘

L
Ly

-26 3 6 2 2
0 -2 -4 1 1
-3 1 5 -1 -1
-4 1 2 -1 0
1 0 0 0 0
o 0 0 0 0
o0 0 0 0 0
0 0 0 0 0

oo oo o oo

oo ocoo oo o

[ e B e e Y e Y e Y e Y e |




Error

error = abs(original — compressed) * 8

Wave I_ets
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Haar Wavelets

Transform:
- S=(A+B)2
Scaling function = average D=(A-B)2

Invert:
% , A=S+D
| % B=S-D

Wavelet = difference

Haar Wavelets
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Haar Wavelets

6/8/5/9|5|/5|/6|6
717/5(6|-1/-2/0|0

Haar Wavelets

6|8

5

9

5

5

6

6

l 1 Transform Step

6

-1

-2

0

0

—

Averages

» Smoothed version of signal

« Lower resolution image

Differences
* Local, high frequencies
* Details missing from low

resolution part




Haar Wavelets
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Haar Wavelets
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Haar Wavelets

6

8

5

9

5

5

6

6

6.25

Haar Wavelets

6

8

5

9

5

5

6

6

5.9

6.25,.

75




Haar Wavelets
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High Resolution Details
Medium Resolution Details
Low Resolution Details

» Average Value

2D Wavelet Transform

e Standard

— Apply full transform horizontally, then full transform
vertically

— Creates long, thin basis functions — bad for image
compression
* Non-standard

— Repeatedly apply 1 step horizontally, then 1 step
vertically

— Creates square basis functions — good for image
compression




Higher Order Wavelets

 Larger filters
— Smooth (average) more values at once
« Smoother

— Better for image compression because
Haar wavelets cause blocking artifacts

» Can be created easily using filter banks

What else needs
compression?

Video

Textures (different requirements than
plain images)

Geometry (including animations)
Anything else?




