6.4.3 Lossless Predictive Coding

®  Elimation of interpixel redundancies
®  Extracting and coding only the new information in each pixel
- new information = actual value — predictive value

encoder, decoder
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® Encoder

- prediction error
e, = f, —f,~ coded using variable-length code

® Decoder

Jo=e .

® Linear prediction
~ m D
f, = round aifn_iH
=T

- 1D prediction can be written as

~

fu(x, ¥) = round

> aft, v - f)]

® 2-D predictive coding
- input: left-to-right

top-to-bottom
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®  cx.) predictor

A

f(xa J’) =round[Q f(x,y - 1)] ,a =1 : differential coding
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® prediction error often is modeled as Laplacian pdf

6.5 Lossy Compression

®  monochorom image
- commonly compressed by more than 30:1
- indistinguishable from the originals at 10:1 to 20:1

error free coding : seldom result in more than 3:1 reduction

principal difference

- presence or absence of the quantizer block
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6.5.1 Lossy Predictive Coding
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® input of predictor is a function of past predictions and the corresponding quantized error

fo=e

ex.) Delta Modulation (DM)

ji=al,
o 2 for
o

N

where a <1

e, >0

{  otherwise

Positive constant

: single bit

- 1-bit fired length code

- DM coderate : 1 bpp
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Code =1

+6.5 |
-
———— —0,5 Granular noise
Code =0 —_—
— —
Slope overload
\
(a) (b)

Input Encoder Decoder Error
A . . A . .
n f f ¢ : f f f =i
0 14 — - - 14.0 —_— 14.0 0.0
1 15 14.0 1.0 6.5 20.5 14.0 20.5 =55
2 14 20.5 -6.5 —6.5 14.0 20.5 14.0 0.0
3 15 14.0 1.0 6.5 20.5 14.0 20.5 -5.5

. L] . L] L] . L] L] -

. L] L] . - L] L] - .
14 29 20.5 85 6.5 210 20.5 270 20
15 37 27.0 10.0 6.5 335 27.0 335 35
16 47 335 13.5 6.5 40.0 335 40.0 7.0
17 62 40.0 22.0 6.5 46.5 40.0 46.5 15.5
18 75 46.5 28.5 6.5 53.0 46.5 53.0 22,0
19 77 53.0 24.0 6.5 59.6 53.0 59.6 17.5

. L] . L] (] L] . . L

®  slope overload
- n=14119
- input : large change
- { :too small, to represent input’s large change

®  granular noise

- n=0¢t7

- smooth region
®  predictor, quantizer

- designed independently of each other

optimal predictors

®  encoder’s mean square prediction error ~ minimization

ded=es, -7l

constraints
fn =e, +f,=e,+f,=f, :negligible quantization error
A m .
S =20; fuy : linear combination of m preview pixel
i=l

: simplify the analysis considerably
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= DPCM (Differential PCM)

e} = Eme zafn,

-~ minimization

differentiating with respect to a; and equating with zero
P
S a Ela(k—i)-a(k-7) = Ele(kja(k - 5)]
i=1

P
ZaiRi-j=Rj .7.:1;2,"',;7
i=1

assuming E[z(k)] = 0 => in matrix form

R, R R - Ry

R, Ry Rop | [ @ Ry
Ry S K e 5
: a '}?1,
| By By R} ="
R

-differentiated value = 0

. . 2
if fn : zero mean, variance O

a=R7'r

where

E{fu-i fu-id E{fi- f! o Elfuci fuend
E{ﬁl 2fn 1} e ‘

E{fn——m ﬁ:——l} E{fn m ,ﬁr 2} e E{fn --f?rfn -m}
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U,/ g%
r= 0 : 0 and a= 0: B
&S, f-n B 0 0
Q.0

- coeffs. : depend only on the autocorrelation of the pixels

®  variance of prediction error

m
0;=0’-a'r=0" =% E{f,f,.}a,
i=T
®  computation of all autocorrelation
- difficult in practice
- local prediction (autocorrelations are computed image by image)
: almost never used
- global coeffs.

: computed from a simple image model

ex) 2-D Markov process with separable autocorrelation function

E{f(x,y)f(x=i,y=-1)}=0’p.p]

generalized fourth-order linear predictor
fey)=afluy=D+ayf(x=1y=1)
a3 f(x—Ly)+a,f(x—1Ly+1)
where a; =p;, ay, =-p,p,, A3 =p,, a4, =0

where p,,, p, : the horizontal and vertical correlation coeffs. of image

M
° Z a, <1 : negative feedback
=

- predictor’s output : falls within the allowed range of gray levels and to reduce the impact of

transmission noise
gk =9 error 7} WAYSHH predictor ol A o] 9] 91 gk-E prediction & W 1

Qo] A A Eo] AL AR prediction gho] FoJzITh AJko] Ao wet

ool oA} Wl opAnE SN Y a, <lelehs 20l Bas,
i=1
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ex.)

flx, y) = 0.97f(x, y — 1)
fix,yy = 0.5f(x,y — 1) + 0.5f(x — 1, )

fle,y) = 075fx, y — 1) + 0.75f(x — 1,%) — 0.5f(x — 1,y — 1)
5 _J097f(x,y — 1) if Ah = Av
fix,y) = 097f(x — 1,y)  otherwise

Optimal Quantization
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