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- » Make use of the past history of the data
being encoded to provide more efficient
compression.

* For example:
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Differential encoding

> Histogram of the Sinan image

1200 1 ! | |

“sinan |l .stats™ —

1000 — u —

8300 - 4 y -~

600 — h lfr l =
Wk U

400 — / \r H w""‘w\w w,'vf\fw*.»ﬁf“"u

200 ' y =
f \
l’ N'f'“\f.
0 T l T I
() 50 100 150 200 250
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Differential encoding

> Histogram of pixel-to-pixel differences of the
Sinan image

| | | |

8000
_ “sjpgl.dat” ——
7000 — o e
6000 — ‘#‘ =
!
SO00 — | ) -
4000 — ‘ e
3000 — l|
2000 — ‘

1000 — N Ld

0 T T . T T
100 -50 0 50 100



Delta Modulation (DM)

» To represent a sample-to- ;
sample difference of +A 5
with a [-bit (two-level) HA
quantizer.

* For example:

° Input sequence t OF 0| ¥®F 6 K
3,4,5,6,4,3,3,4,5

> Output sequence
3,1, 1,-1,-1,-1,1,1

> Reconstruct
3,4,5,6,5,4,3,4,5 v




Delta Modulation
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Delta Modulation
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Adaptive Delta Modulation

1 .
A = \Ak\_Ek+1 + Ek_ ifIA = AL
\AminEk+1 If‘Ak‘ < Amin
Xk+1 — xk +Ak+1
SPRV AN

A min /:% ﬁ:gél:ZEEi'/ J \Afﬁ



Adaptive Delta Modulation

+1
—>+< >—> -
Sk A — -1 ¢ She
A LE A
B ‘/ k! =Kk!—mi
KADC & b ®4 ¢
-|-¢Ak+l
Xk B Xk+1
< i BN ©0d
o
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* To represent a large set of values with a
much smaller set.

Im

Input Codes Qutput

000 —-3.5

001 —2.5

010 —1.5

Codes 011 ~0.5
100 0.5

101 1.5

110 2.5

111 3.5

110 i 111




ol
—
L1

§ Cugput
35—
o ° 215_
¥ Uniform quantizer
1.5
0.5
=40 =30 =10 -1.0 1.0 2.0 3o 4.0
| I | I 1 | | L
| g Input
"——J 15
— 2.5
3.5

FISURE 8.3 Quantizsr Inpyvt-ovipt mag.



Ll

a3 Ovenlvoad,pmba-b.izl,ity

fiounRe 2.0 Overioad oad gronviar regiens for a J-0i uniferm yuanticzer.
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output

* Nonuiform
quantizer

input




=1L

i (didi+1]->ri Probability | Huffman code
0 |(-255,-16]->-20 0.025 111111

1 (-16,-8]-> -11 0.047 11110

2 (-8,-4]-> -6 0.145 110

3 (-4,0]-> -2 0.278 00

4 (0,4]-> 2 0.283 10

5 (4,8]-> 6 0.151 01

6 (8,16]->11 0.049 1110

7 (16,255]->20 0.022 111110

8-level Lloyd-max quantizer for Lena
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0= =16 (Vector Quantization)

& 5% Vi

|t R
| MBI R WX st e meE L g

Hnxn 7 EE (A &) 1 (X, XY
-7 T i
St S
X, i=1,..Ng
k ———— X \ -
{Hiir TR | SRR ER R |

X,, i=1,...Ng
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* An example:

100

100} 110] 110
\_80| 80f 90| 90
110[ 110
100| 100

A Codevector

X=(100,100,80,80)

index

Codebook

1

0 0 10

20

10

2

10 10 10

k

100 100 90

90

Nc

255 255 200

200

—> Send k
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A

X = (X, X,y ooy X ), X =(K,, Xy s ooy X))
Let X, be thecodevector that satisfies

d(X, X, )<d(X, X;) forj=1,2, .., Nc.
Then Xk can be expressed by using log, N bits
for theindex of X, in the codebook.



—
‘I:II E=l==

Ll

where d(X,)A():%Zn:(xi—;(i)2 (M SE)

or d (X, >A<) =£ZWi (X —>A<i)2
N5

(weighted M SE) W. : weighting factor
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e WhyVQ compress data !

> Number of codevectors : N,

° Input vector dimension: n
° (log, No)/n bits/pixel
e Example :for a 4 x 4 blocks, N, =128, log, N =7
bit rate=7/(4x4)
e Two works inVQ :

> Codebook generation
> Speed up the search



Codebook Generation

e Linde-Buzo-Gray(LBG) algorithm
Let the codebook size be N and the training vectors be

{ x(n)| n=1,...,M}

Step 1

Step 2

Step 3
Step 4

Step 5

Let the initial codebook C={ y(i) | 1=1,...,N.} be randomly
selected from { x(n)|n=1,...,M}.

Cluster the training vectors into N groups G(i),i =1,...,N., where
G(1)={x(k) | d(x(k), y(1)) < d (x(k), y()), ] # I and d(p, Q)
denotes the distance between p and g}

Compute the distortion N

D=3 Sd(x(k),y()

If the distortion decreases, tHElnX(é)SGt(ci)) Step 5 ; otherwise stop

Newy(i)= L Y'x(k) »where|G(i)| = the number of
|G(1) | ey

vector in G(i) ; go to Step 2




Codebook Generation

* Linde-Buzo-Gray(LBG) algorithm

For each iteration, the codebook is modified, and the
distortion should be decreased.

A threshold ¢ is selected, and the iteration continue

until

D(|—l) . D|

50D <¢g




Codebook Generation

G2 | G

... G3 o G4

x = training codevectors
O = codewords in the codebook
Gi = region encoded into codeword |



Codebook Generation

G2

G1

——
e S
-
-
-
—-—
_——
V —

h 4

————
——
——
.-

G3




255

200.00

130.00

100.00

50.00

0.00

* An example of codebook using Lena
> Block size is Ix2

Codebook Generation

150.00

200.00

255

255



Codebook Generation

. A codebook example mpmmm

° Training set :
Lenna

Boots

o Codebook size 256
> Block size 4x4

EEENN

ElE "R

HENEE

Rl 11 I
"HET N Ll
LIS HiE
. e Nl-
el L= Fan
H.ETE ‘HEN
“"HE"E E-F
mE 1= R
dam=r "N
EEFEm HER
. "ndn Om
AEIr m -n
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Codebook Generation

* How to measure the quality of codebook

° the quality of compressed image
SNR
bpp (bits per pixel)
Human visual system

e Codebook size

> small codebook results in blocking artifacts

> large codebook achieves better quality
higher bit rate
longer the search time



SRR (Transformation)

» Take a sequence of inputs and transform them
into another sequence in which most of the
-nformation is contained in only a few elements.
* And, then discarding the elements of the

sequence that do not contain much information,
we can get a large amount of compression.

{Xn}




g

d

Ei ]:)%\l l%ﬁ En\:}

Height Weight
65 170
75 188
60 150
70 170
56 130
80 203
68 160
50 110
40 80
50 153
69 148
62 140
76 164
64 120

250
200

Weig

00
50

(-

20

40height60

80

X
100




Eg EI:)%\I I%FH:H En\ﬂ

X, = 2.5X%,

$=tan"2.5=68.2

A :{ cos¢g sing | :{ 0.37139068 0.92847699}
—sing cos¢| |—0.92847699 0.37139068

] ]
X Y2 |

At :{cc_)w —sin q Y= Aly
Sing COS¢




Height weight
182 3
202 0 15 ¢
162 0 10
184 )
141 4
218 1 ' '
174 -4 5 50 100
121 -6 ’
90 -7 -10
161 10 -15
163 9
153 6 20 °
181 9
135 -15




BE 153 A B

e The transmitted sequence:

Height

weight

182

0

202

162

184

141

218

174

121

90

161

163

153

181

135

[l [l [l Il (vl [l (el [l (el [avll [avll (el )

Height weight
68 169
75 188
60 150
68 171
53 131
81 203
65 162
45 112
34 84
60 150
61 151
57 142
67 168
50 125

Original
Height Weight
65 170
75 188
60 150
70 170
56 130
80 203
68 160
50 110
40 30
50 153
69 148
62 140
76 164
64 120




Introductions

Row 256 of Lena 250000
200.00 —

2000.00
160.00 —
e /‘\ I ’ N 1500.00 —

1000.00 —

80.00 —

0.00 200.00 400.00 600.00.00

Another example

Absolute DCT values
of Lena row 256

40.00 — ’w NJ \N 500.00
0.00 ‘ ' Oqo M“& s tons oot ] r

600.00



Transforms as Coordinate Axes
Rotations (JFEATR B fiE )

So00.00 —

X2 y1

DDDDDDDDDDDDD

Coordinate Axes Rotated by 45°



Transforms as Coordinate Axes
Rotations (B2 1% 8 i §3)

= Yl )

-~ A'Is unitary and orthogonal

.. Euclidean distance Is preserved
- 2 2 2 2
Thatis, o, +o, =0, +o,

But, 031 >> 032
MSE is minimized (: o) ) if all y,'s are replaced

by Y.
Notethat o, << afl(az )

X2



Transforms as Basis Function
Decompositions (£ [E K 2170 %)

f(j,k)=F(0,0)B(0,0)+F(1,0)B(1,0)+....+ F(7,0)B(7,0)

0<j,k<7

+F(0,1)B(0,1)+ F(1,1)B(1,1)+....+ F(7,1)B(7,1)

+F(0,7)B(0,7)+F(1,7)B(1,7)+...+ F(7,7)B(7,7)
where

B(i, j): Basis function

F(i, j): Transform Coefficients.



DCT $ 2 EI:?'\l l%ﬁ Ell‘ﬂ

 Discrete Cosine Transform (DCT)

F(U.v) = 4C(u)C(v) ”an‘l £, k)cos[(zj +1)U7z] S[(2k eri)uw]

Inverse DCT
f(j k) = ”jnzc:(u)C(v)F(u v)cos[(z”l)“”] s[(z“r?“”]

{1/\5 if w=0
c(w) = .

if w=12...n-1
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e One dimension DCT basis functions.

NRRANAN o
' Il
111, M 1J~]J ]J
111“11] 111“111
] jlll'J ,111111 "8
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> Two dimension DCT basis functions (8 x 8)
EHH O ZIRRE(E




Input

Image

»| Blocking > DCT » Thresholder
Binary bit

el E d Zi S |-D

: ntropy coder igzag Scan - _

: Py « 5248 > - Quantizer |«
; sequencing

Entropy decoder | |nverse Zigzag .

: > — — Dequantizer
: Scan

output

image

E Blocking DCT Thresholder
S Integration | ) compensator



