KODOWANIE TRANSFORMACYJNE

Materiaty KODA, A,Przelaskowski

Dane: obrazy, dzwiek

Uproszczenie kwantyzacji przez transformacje
Dobdér postaci transformac;i
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Kwantyzacja
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NARODZINY KONCEPCJI




Koncepcja kodowania: uproszczenie kwantyzacji
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KLT (T, Karhunena-Loeve) — quasi-optymalna, ale
niekorzystna w implementacji

Wyznaczamy macierz kowariancji

Diagonalizujemy macierz kowariancji

Utrzymujemy zbior wartosci wiasnych i wektoréw wtasnych
Ustalamy zbior wektorow wtasnych jako baze transformacji

Uzyskujemy zdekorelowany sygnat

R = XX’ =y(xx)y =diag(4.4,....4)




PARADYGMATY




Paradygmat klasyczny
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Transformacja

Pozgdane cechy:

= Dopasowana baza transformacji (dopasowana lokalnie do
sygnatu, elastyczna, zupetna, najlepiej niezalezna od
sygnatu)

= Kryterium: dekorelacja danych (usuwanie zaleznosci

statystycznych), upakowanie energii wzdtuz wybranych
Kierunkow (wokot elementow bazy), reprezentacja rzadka

m Szybka implementacja (samej transformacji jak | procedury
doboru transformacji)




Poréwnanie baz DCT, DST i KLT

KLT, Markowa 1 rzedu, p=0,9
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Porownanie: rozktad wariancji wspotczynnikow transformat

Transformata wektora n=16, model Markowa 1 rzedu, p=0,9

" kit [pET (WHT DCT DST
| T m v | T m v

1 |0.9268 [0.8346 |0.8346 |9.8678 |9.8346 |8,9324 |8.6494 |9.2183 |8,9142 |8,9324 |8,6494
2 [2.0487 |1.8342 |2.5360 |2.9244 |2.9327 |3.3212 |3.3195 |2,6418 |2.4576 |3.3212 |3,3195
3 |1.1278 |1.8342 |1,0200 |1,1416 |1.2108 |1.2934 |1,2788 |1.4678 |1.4326 |1,2934 |1,2788
4 05682 |0,5189 |0,7060 |0,5587 |0,5815 |0.6984 |0,7256 |0,7091 |0.6895 |0.6984 |0.7256
5 (03411 |0,5189 [0,3070 |0.3361 |0.3483 |0,4333 |0,4418 |0,5312 |0,5607 |0,4333 |0,4418
6 (02294 |0.2502 [0.3030 |0.2283 |0.2314 |0.2879 |0.3166 |0,3139 |0,3320 |0.2879 |0,3166
7 [0.1671 |0,2502 [0,2830 |0.1708 |0.1685 |0.2161 |0,2318 |0,2628 |0,3123 |0.2161 |0,2318
8 [0,1290 |0,1553 [0,1060 |0.1329 |0.1295 |0,1581 |0,1862 |0,1738 |0,2060 |0,1581 |0,1862
9 [0,1043 [0,1553 [0,1050 |0.1126 |0.1047 |0.1319 |0.1510 |0.1526 |0.2111 |0,1319 |0,1510
10 |0,0875 [0,1126 |0,1050 |0,0942 |0,0877 |0,1029 |0,1302 |0,1102 |0,1493 |0,1029 |0,1302
11 |0,0758 |0,1126 |0,1040 |0,0867 |0,0759 |0,0920 |0,1132 [0,0988 [0,1624 [0,0920 |0,1132
12 [0,0675 [0,0913 [0,1040 |0,0760 |0,0675 |0,0763 |0,1028 |0,0777 |0.1211 |0,0763 |0,1028
13 |0,0616 [0,0913 [0,1030 |0,0743 |0,0616 |0,0716 |0,0942 |0,0707 |0,1381 |0,0716 |0,0942
14 |0,0574 |0,0811 |0,1020 |0,0675 |0,0574 |0,0635 |0,0892 |0,0608 |0,1075 |0,0635 |0,0892
15 [0,0547 |0,0811 [0,0980 |0,0692 |0.0547 |0,0618 |0,0855 |0,0569 |0.1277 |0,0618 |0,0855
16 |0,0531 [0,0780 [0,0780 |0,0588 |0,0531 |0,0593 |0,0840 |0,0535 |0,0780 |0,0593 |0,0840




Porownanie: upakowanie energil

EPE
M kT PET |WHT DCT DST
| T m W | T m v

1 |0.6204 |0.6147 |0.6147 |0,6167 |0,6147 |0,5583 |0,5406 |0,5761 |0,5571 |0,5583 |0,5406
2 [0.8047 |0,7293 [0,7732 |0.7995 |0.7980 |0.7658 |0.7481 |0.7413 |0.7107 |0,7658 |0,7481
3 08752 |0,8439 [0,8369 |0.8709 |0.8736 |0.8467 |0,8280 |0,8330 |0,8003 |0,8467 |0,8280
4 09107 |0,8764 [0,8810 |0,9058 |0,9100 |0.8903 |0.8733 |0.8773 |0.8434 |0.8903 |0.8733
5 (09320 |0,0088 [0.9002 |0.9268 |0.9317 |0.9174 |0.9009 |0.9105 |0.8784 |0,9174 |0,9009
6 (09464 |0,9244 [0.9192 |0.9411 |0.9462 |0.9354 |0.9207 |0.9301 |0.8992 |0,9354 |0,9207
7 |0.9568 |0,9401 [0.9368 |0.9517 |0.9567 |0.9489 |0.9352 |0.9466 |0.9187 |0,9489 |0,9352
8 [0,9649 |0,9498 [0,9435 |0.9600 |0.9648 |0,9588 |0,9469 |0,9574 |0,9316 |0,9588 |0,9469
9 [0,9714 |0,9595 [0,9500 |0.9671 |0.9714 |0,9670 |0,9563 |0,9670 |0,9448 |0,9670 |0,9563
10 [0,9769 |0,9665 [0,9566 |0,9730 |0.9769 |0.9735 |0.9644 |0.9738 |0.9541 |0,9735 |0,9644
11 [0.9816 |0,9736 |0.9631 |0,9784 |0.9816 |0,9792 |0,9715 |0,9800 |0,9642 |0,9792 |0,9715
12 [0,9858 |0,9793 [0,9696 |0.9831 |0.9858 |0.9840 |0.9779 |0.9849 |0.9718 |0,9840 |0,9779
13 [0.9897 |0,9850 [0.9760 |0.9878 |0.9897 |0.9885 |0,9838 |0,9893 |0,9804 |0,9885 |0,9838
14 [0.9933 |0,9900 [0,9824 |0.9920 |0.9933 |0.9924 |0.9894 |0.9931 |0.9872 |0.9924 |0,9894
15 |0,.9967 |0,9951 [0,9885 |0,9963 |0.9967 |0,9963 |0,9947 |0,9967 |0,9951 |0,9963 |0,9947
16 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000 |1,0000




Porownanie: korelacja resztkowa

Korelacja resztkowa RC [Y]
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Porownanie: stopien znieksztatcen
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Poréwnanie: maksymalna zdolnosc¢ redukciji bitow

Transformacja MRB
KLT 1,1231
DFT 0,9485

WHT 0,9374
DCT-I 1,0734
DCT-II 1,1172
DCT-1lI 1,0113
DCT-IV 0,8983
DST-I 0,9848
DST-II 0,7915
DST-1lI 1,0113
DST-IV 0,8983

1 n
MRB =——>"log, o
2”; gz I

DCT = KLT

(na potrzeby kompresji)




Transformacja DCT (2W) — efektywna, tatwa w
iImplementaciji, ‘lokalna’ poprzez bloki

1 n-1 n-1 X+ Dur + v
prOSta k(u.’ v) = E Cucv Z Z f(x_a y)GOS ( ;) COS (y ;)
14 x=0 y=0

¢,.¢, = dlau,v=0, ¢, ,c, =1 wpp.

odwrotna

f(x,y)—

(x+ Dur (y+vrw
cos

gMH

c,c, k(u,v)cos p p
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Stosowana m.in. w JPEG




DCT czy FFT
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Paradygmat TK
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Obraz ..ransformacialokaina zakodo a obraza
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Selekcja probek

blok obrazu

strefowa
selekcja
probek

rekonstrukcje
bloku
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Standard JPEG

Podstawowy proces kodowania (ang. baseline process).

Rozszerzony , bazujgcy na DCT proces kodowania (ang.
extended DCT- based process).

Bezstratny proces kodowania (ang. lossless process).

Hierarchiczny proces kodowania (ang. hierarchical
process).

bl fﬁi 3x8
o

— ™ DCT [ PKwantyzacja| " Kodowanie [ ™|

Skompresowane
dane obrazowe
Zrodtowe

dane obrazowe |Tahl.ica specyfikacyi | | Tablica specyfikacii




Wiasciwosci kodeka JPEG

= Progresja kodowania

A @D ﬁi

sekwencyjnie Z progresjq
J
59

= Kodowanie hierarchiczne (z podprobkowaniem)




Kwantyzacja | kodowanie w JPEG

—
A6[ 11] 10[ 16] 24f 40| 51} 61

121 12| 14 19] 26| 58| 60] 55
14] 13| 16| 24| 40| 57| 69| 56
14] 17] 22| 29| 51| 87| 80| 62
18] 22| 37| 56| 68[109103( 77
24( 35| 35| 64| 81|104113] 92
491 64| 78| 87(103|12111201101

72| 92| 95| 98|112({100(103| 99
Percepcyjna tablica kwantyzacji (luminancja)

Sktadowa
stata

15 | 24 | 47 | 99 ] 99 | 99 | 99

18

21 | 26 | 66 | 99 | 99 | 99 | 99

24

26 | 36 | 99 | 99 | 99 | 99 | 99

66 | 99 | 99 | 99 | 99 | 99 | 99 tablica

99

99

99 | 99 [ 99 [ 99 | 99 | 99 | 99 kwantyzacji dla
99 | 99 | 99 | 99 | 99 |99 | 9o chrominanciji

09

90 1 99 | 99 | 99 | 99 | 99 | 99

Kwantyzacja/selekcja:

dzielenie wspotczynnikow DCT k(u,v)
przez element tablicy kwantyzacji g o
wspotrzednych (u,v) i zaokrgglanie do
liczby catkowitej

E(u’v):{k(u,v)}

q(u,v)

Kodowanie;

przeglgdanie zygzak, roznicowo
Sktadowa stata blokow (predykcja), kod
Huffmana-RLE lub kod arytmetyczny

A vave
VAN
"1 111
(L1 4
/| yd /
d v
2

99

99 1 99 | 99 | 99 | 99 ] 99 | 99




Efekty JPEGowe

Oryginatl

| W) 2kView - [fernseh_orig.tif]
[Z File JPEG2000 JPEG View Window Help

43:1




barb2.bmp 263222 Bytes

Efekty JPEGowe
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Polecam zabawe z JPEG
http://lwww.sfu.ca/~cjenning/toybox/hjpeg/index.htmi
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Transform of each channel Notice that wvou can make out the patterns of little 828 boxzes. Eemember that the upper-left corner of those boxes
15 the low-frequency part, the other corner 15 high-frequency. Brighter pizels mean more information, Lo, tmore of the wnage was of that kind of

frequency.

wtormation has been lost, but it 15 not very noticeable m the final decompressed picture.
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INow choose the next drop down ttem (CQuantized DCTs). Whoaoshl The lower comers of each of the Bxi boxes just went darke. The walues in
each box were just divided by the walues in the corresponding cells (throwing away any remainders) of the quantization tables (Step 2, so they
now have less mformation. The nesxt drop down box shows the reconstructed DCTs, i.e. what we get back when we decompress the image
by multiplying by the values in the tables. Compare the onginal DCT of the colour planes to the reconstructed versions. & fof of colour

[E&EB/REE-Output ||

Cb fCh-Quant. ][ CrfCrQuant. ]

JPEG and Hierarchical JPEG Demo -

T
’ “ }l
1. Choosze a zample image: -

\Lena (128 = 128)

A

2. Choose 3 chroma subsampling format:

W None (444 () Quartered (4:2:0)

3. Choose a quality setting or...

Low =) NN E " A
..ereate custom quantization tables: Sl
l/Luminance I/Chr-:-minance Lol
28| 21 24| 24) 32| 42| 87129 . . . .
19l 211 23| 30| 39| 62| 118 165 The first row of monitars showes the input image. The second row showes: | Quantized DCTs |v|
17| 24| 28| 39| 66| 95| 140|170 Zoom Lewvel Crata Walues from Current 8 = 8 [Drata Block
23| 23| 42| 51| 100f 114| 156|176 b 40 1] i 1] i ] 1] ]
4z 46 74| 94| 122|145 185 201 y » 1] 1] 1] 1] 1] 1] 1] 1]
71| 104 102|156 195| 186| 217|174 128 75 0 0 0 0 I 0 I 0
91| 107| 123| 143| 185| 203| 215|185 £ e B g g g g g g_ﬁ:g
109 92| 100 111| 138|165 181 177 257 4ol 136
1] 1] 1] 1] 1] 1] n 1]
Done g Eg I:Iélr 1] 1] 1] 1] ] 1] I} 1]
| | 1] 1] 1] 1] 1] 0 1 0

: applet recuires that vour browser support at least the Tava 2 nintime. Ifthe applet above doesn't work properly, this 12 almost certainly the
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