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Image Compression

Transform Coding
Transformation

e Represent information in anther space
o Identify and remove correlation

e Quantization of transform coefficients

Information loss!
Example

time/space frequency
(Fourier Transform)
Inverse transformation

e Bring back information in the original space
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Image Compression

Transform Coding
Fourier Transform (Review) WMAAMAAAAY

A function as sum of sines and cosines
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Image Compression

Transform Coding
Fourier Transform (Review)

Mathematically
Forward F(u)=S3{f(x)} = J‘/’(x)e'-"z”l""dx
1-D: -
Inverse ]p(x) = S—] {F(ll)} — ]iF(u)ejZ/ru.\'du

. . ) — (v v )—./'2/r(u.\'+\‘_\") - s
Discrete Fourier Transform .. V) JJ 1 dx d
Fast Fourier Transform (FFT) f(x,y) = j j F(u,v)e’ ) dy dy
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Image Compression

Transform Coding
Discrete Cosine Transform
Popular transform for its performance and efficiency
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Image Compression

Transform Coding
Discrete Cosine Transform
Forward transform

F) =M Y, 3 fxy)cos 2o

y=0 x

2Ly+1)vr

Jcos|

]

Inverse transform

HA (2x + Dum

2y+1vn

J(x,p)= % 2 C)C()F (u,v)cos| Jcos| |
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Image Compression

Transform Coding
Discrete Cosine Transform

Energy compaction
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Image Compression

Transform
Pipeline

Coding

Compression

[nput
image —
(N XN)

Construct
nxXn —

subimages

Forward
transform

=l Quantizer |

Symbol . COmpressed
encoder image

Compressed
image

Digital Image Processing

Symbol
decoder

Merge
—» nXn
subimages

Inverse
transform

Decompressed

i image

Decompression
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Image Compression

onginal

image
block
‘ Transform A
Quantization &
Transmission
transform —
coefficients
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Inverse
transform A-1

quantized
transform
coefficients
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Image Compression

Transform Coding

Why sub image (nxn)?
e Computational benefit TR
e Typically 8x8, 16x16 BN
e Error is not very high I T S s 1 A
é 1.5 \‘-\.'-—-—...____.(wosine
é 1.0
0.5
20><2 4 X4 8X8 16X16 32X 32
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Su

bimage size
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Image Compression

Transform Coding
Why sub image (nxn)?
e Computational benefit
e Typically 8x8, 16x16
e Error is not very high

Which transform?
e Low error for the same

number of coefficients
e Computationally fast
e DCT is preferred

Digital Image Processing
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Image Compression

Transform Coding
Quantization Schemes DC ,

e Global thresholding
e Local thresholding AC
e For each block M out of N
coefficients to retain

Digital Image Processing http://www.cse.iitd.ac.in/~pkalra/col783




Image Compression

Transform Coding
In general 1D transform

f =§t(k)hk - Bt,
w0 1 t=Bf=Af

¢(1)

where B=[h,h . h, ] t= f and t form a transform pair

(N -1)
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Image Compression
Transform Coding

Represent an image (or an image block) as the linear combination of
In general some basis images and specify the linear coefficients.

N-1
f=> t(k)h, =Bt,
k=0

0 T

t(1) S2)
where B=[h,h,,.. h, ], t= : i b / t2/ \t3 \t4

(N -1).

Source: http://eeweb.poly.edu/~yao/EL5123/lecture10_TransformCoding_JPEG.pdf
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Image Compression

Transform Coding

In general

Forward transform t = Af
Inverse transform f = ATt
Considering A orthonormal A~! = AT

Coefficients

Basis Vectors

fo a0 aAN-1,0 to
fn-1 aN-1 - - AGN-1,N-1 tn-1
fo a0 aN-1,0
— to + os + tN—l
fN—-l ag.N-1 aGN-1,N-1
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Image Compression

7
®

Transform Coding

-

1

d=J'N

N=4
5 5
5| 65328 270598
| 5 -5
270598 -.65328
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ifi=0

ij . :
L‘j%cos(zjz$ ifi>0

5
-.270598
-5
.65328

5

-.65328

5

-.270598

Discrete Cosine Transform
1D transform

EEE E BN B -
row 0 row 1 |
= g =
row 2 row 3
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Image Compression

Transform Coding

-

1

d =JVN

N=4
5 5
o_| 65328 270598
5 -5
270598  -.65328
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ifi=0

5

-.270598

-.5

65328

j . .
JECOSM ifi>0
(VN 2N

D
-.65328
5

-.270598 |

Discrete Cosi
1D tra

[ 653281 |
270598
-.270598

ne Transform

nsform
(57 [.270598 1 [x,
-5 -.653281 X,
c,+ C,+ C, =
-5 653281 X,

oo o

| -.653281 |

DC coefficient

\.s_ _—.27057/ X,

AC coefficients
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Image Compression

Transform Coding 1 general 2D transform

M-1N-1
- F=) > T(k,DH,,,
Input k=0 1=0
\ M-1N-1
Inverse F(m9 n) — ZZT(kal)Hk,l(ma n)
Transform k=0 1=0 /

Transform Coefficients
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Image Compression

Transform Coding Vi

N-1
2D transform F = 2,2 I'(k,))H,,,
M-1N-1
I : F ’ — T k NH
Discrete Cosine Transform (m,n) i (k,[)H, ,(m,n)

_ 2m+1)kx 2n+)ix
Hyy(m,m) = a)a(l)oos = ]cos[ . }

[1
k=0
where a(k) =< /N
,%\/’ k=1,..,N-1
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Image Compression

Transform Coding mE |

2D transform 1 N
Discrete Cosine Transform

8x8 DCT Basis Images

" |'--'n|| i 0
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Image Compression

Transform Coding
Hotelling Transform  (Karhunen-Loeve Transform KLT)

Covariance Matrix L= E{(:E = mg;)(CE o ’mx)T}
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Image Compression

Transform Coding
Hotelling Transform  (Karhunen-Loeve Transform KLT)

Inverse Transform X =AY + My
Ca:Tz' = )‘iT;J

A = Matrix with rows of eigen vectors T;s with
AB > A > iAGmn
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Image Compression

Transform Coding

Hotelling Transform  (Karhunen-Loeve Transform KLT)
my = E{Y'} = E{A(X — mg)} =
AE{X}—-Amz; =0
Cy = E{(Y — my)(Y — my)"} = B{( 944 )"}
= E{(AX — Amz)(AX — Amy, % }
= BE{A(X — mg)( X mz)L A %
= AFB{(X - mx)(X mz)! }A
= AC;AT = AATD =D

M. . 0
Covariance Matrix is a Diagonal Matrix D || = %8 2
8 & ».2n
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Image Compression

Transform Coding
Hotelling Transform  (Karhunen-Loeve Transform KLT)

Inverse Transform X = ATY 4 m),
X' =AY +m,

€ms = Z )‘ a Zf_(% Aj = E;\:Kl Aj
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Image Compression

Transform Coding
Hotelling Transform  (Karhunen-Loeve Transform KLT)
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Image Compression

Transform
Pipeline

Coding

Compression

[nput
image —
(N XN)

Construct
nxXn —

subimages

Forward
transform

=l Quantizer |

Symbol . COmpressed
encoder image

Compressed
image

Digital Image Processing

Symbol
decoder

Merge
—» nXn
subimages

Inverse
transform

Decompressed

i image

Decompression
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Image Compression

Transform Coding
Pipeline Compression

[nput Construct , _ .
image —» X n | tf'%;\tg;ﬂl | Quantizer |—wl eSl:(l,](])g(e)lr _,,Corillll?;ezsed
(N XN) subimages ‘ ag
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Image Compression

Transform Coding
Pipeline Compression

[nput Construct ) '
mhge o mxXn [} oA o Ounizer o) 0L - Coppresed
(N XN) subimages ‘ ag

/

Typically
8x8 or 16x16
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Image Compression

Transform Coding

Pipeline Compression
[nput Construct ) '
img e —» nXn Forward W | Quantizer |—a SYymbol | o Compressed
N ng) subimages transform encoder image
f/
L

Discrete Fourier Transform
Discrete Cosine Transform
Karhunen-Loeve Transform
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Image Compression

Transform Coding
Pipeline Compression

Input Construct ) ,
image —» n Xn | Forward Quantizer Ha- Symbol o COmpressed
(N ng) subimages transform encoder image

7

/

Threshold Coding
Zonal Coding
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Image Compression

Transform Coding
Pipeline Compression

[nput Construct , '
image —»= A Xn | tf%{;}g:% _» Quantizer Sgcl:ggglr __,,Coril:#;egsed
(N XN) subimages ‘ ag

A

\

Variable Length
Coding (Huffman)
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Image Compression

Transform Coding
Pipe"ne Compression

[nput Construct
image — nXxXn —

(N XN) subimages

Forward

Symbol o COmpressed
transform

—el Quantizer :
encoder image

Merge
—» nXn [
subimages

Inverse

Compressed y| Symbol
transform

[ Decompressed
image decoder

image

Decompression
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Image Compression

Transform Coding
Pipe"ne Compression

[nput Construct
image — nXxXn —

(N XN) subimages

Forward

Symbol o COmpressed
transform

—el Quantizer :
encoder image

Merge
—» nXn [
subimages

Inverse

Compressed Symbol
transform

. Decompressed
image decoder

image

Decompression

Digital Image Processing http://www.cse.iitd.ac.in/~pkalra/col783




Image Compression

Transform Coding
Pipe"ne Compression

[nput Construct , ,
imhge —»1 nxn (ot FOMId oy Quiniizer [»l SYMUCL Ly Compressed
(N X N) subimages ‘ a8
. . Merge
Compressed y| Symbol Inverse [N | . %%, y. Decompressed
image decoder transform subimages image

Decompression
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Image Compression

Transform Coding
Pipe"ne Compression

[nput Construct , ,
imhge —»1 nxn (ot FOMId oy Quiniizer [»l SYMUCL Ly Compressed
(N X N) subimages ‘ 8
. . Merge
Compressed y| Symbol p INVErse n X n Decompressed
image decoder transform subimages image

Decompression
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