Compression coding

* Let us have a stochastic process with spectral
density function:

o ()= ]S [8l-50 i @c[-B.E]
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Calculate the prediction gain and the number of
spare-able binary digits by KL transformation!
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« Calculate the # of binary digits spared by sub-
band coding, when using 2 sub-bands only!
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Sub-band coding vs prediction gain
for linearly decreasing spectrum
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Karhunen Loeve transformation

* Let us have a stochastic process with spectral
density function:

N\

/

() =+

s, —|el-s,, if @e[-B,B]

®

0, elsewhere

* The correlation function of this process:

R:(7) = BSO-[

sin(5 7)

(27)

2
] = Bs, -sinc’ (£ 7)



R.(r) = Bs, .[sin(gr)j = Bs, -sinc* (2 )

(27)

Samples should be taken
with the interval of :

7T
TO__

B
= sampling points
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R§ (k 'To) — BSO 'SinCZ(k %%) — BSO ‘SinCZ(k %)
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* The # of necessary binary symbols

izﬂ’
1 1 K — ' The second term shows how many
n==-1d(p)-=-1d —= ~  digits can be spared.

y
2 ﬁi Calculating A, eigenvalues of R,
! we should construct it:

( Rg (0) Rg (7) Rg (7) )
Rg (%) Rg (0) Rg (72)

.+ R.(=7) R.(%) R.0))

* The rows of this matrix consist of shifted
samples of correlation function



For example K=4 (# of block elements)

=} Array Editor: r

File Edit Wiew Web Window Help

Murmeric farmat; |shorG | | Size: 4 by |4

1 s 3
1 1 0.40528 1.5196e-033 0. 045032
& 0.40523 1 0.40528 1.5196e-033
3 1.5196e-033 0.40525 1 0. 40525
4 0.045032) 1.5196e-0373 0.40523 1

Transformed blocks’ correlation matrix

(4, 0 0 0) (31 0 0 0
0 4 0 O| |0 .782 0 0
|0 0 4 Ol |0 0 122 0
00 0 4) (0 o0 o0 167,




« Calculating when the # of elements in blocks is 4

K
1N 2
l-ld K;' Id4(331+ 782+1.22+1.67)
2 (Klj ) (331*.782%1.22*1.67)"
1,
B O Sl S N O S PP
2 (527)* 2 852

* Next slide shows the result for longer blocks



KL transformation vs prediction gain for lin. decr. spectr
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* Prediction coding of decreasing spectrum:

« Optimal weighting coefficients are the solution of
the set of equations:

Mcs, =
MS,6p =

Mcyss =

El'Mé:lé:l"' Ez'Mé:lé:z T
61°M§2§1+ 62°M§2§2 +

61'M§N§1+ 62'M§N§2 +

* Or using a shorter notation:

g=G-c
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* Prediction error when using optimal coefficients:

e@ﬁm{@{Zaé]=Mﬁ—M@Zaa=

N
=M¢; =D .C-M&¢
=1
* Prediction gain:
o _M& ME;
" e(C) N,
Mé&j _Zci 'Mé:e‘fi
=1

e and
c=G".g
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Binary digits spared by prediction coding
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Predictor order



. Compressmn In the case of “dominant” spectrum
K-S, s 2Bs, +2b(k - 1)5

So ) ° 2B

B b b 8 =S,[L+2(k-1)]

2(B b)log,
2 2B

1+ b(k D _

b
L Ok
= —§(§|092 rien T 4-8)10g, 5 b(k—l)) 27100; Ty
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Number of spare-able binary symbols for narrow dominant spectra

|
0 5 10 15 20
Width of dominant band in %of total bandwidth

25
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. Sub-bandﬂ coding ] ZM;Z

K-Sq - |ng

| |SO 2 KMZ
B b b | g (H éj

K=2k=10:b=0.1B

1 2
1 K;'\Aé 1 1(14bs, +5bs,) 1 9.5bs,
—-log, — -=—-l0g, =—-log, =0.09
2 K 2 J14bs, -5bs, 2 J70-bs,
HM§2 0 0
=1 |
Kle'kle;b:O.lB
1 | o, L(10bs, +9bs,) 1 - L9bs, _ 1 »g

i0bs, - (bsy)° 27§10 -bs,
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K =10;k =1000;b = 0.1B
L log, & (kbs, + (K =1)bs,) 1 0g., (1000bs, +9bs ) _
Kkbs, - (bs,)<* 2 191000bs, - (bs, )’

3 100.9bs,

J: 191000 - bs,

=2.8301

Number of spare-able binary symbols for narrow dominant spectra
T T T T
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« KL transformation of signal with dominant spectr.

B sin(Bz) e Sin(bz)
| . ‘Rg(r)—ZBso (B7) +2b(k —1)s, (b7)

K-S,

B b b g }0:%;

R.(n-7,) = 2Bs| sinc(n-7) +(k —1)Esinc(n%7z)

] B
 Ex.: K=4; k=1000; b=0.1"B

<} Array Editor: r /1 O O O \
File Edit Wiew ‘Web ‘Window Help
Murneric format: |5h|:|r‘[G | | Size: |4 fy |4_ X O 109 O O
1 2 3 4 R77 -

1 loo.9 95,265 93,455 85,754 O O 16-8 O

2 93. 265 0.9 95,265 93,455

3 935,455 Q5. 265 100.9 95. 265 \O O O 384/

4 85,754 93,455 03,265 100.9

Feady
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« Calculating when the # of elements in blocks is 4

1N
K Z ! —iold 7(1+1.09+16.8+384)

g —i= =

2 (]ﬁ[ijy 2 (1*1.09*16.8*384)"
=1 |
1,

~Lig 4988 g 7313

2 (7018.6)"

* Next slide shows the result for longer blocks
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No of binary digits spared KL transformation

K=4
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