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Wavelet-Based Image Coding Using Allpass Filters

Seiya KAMIMURAT, Xi ZHANG® | and Toshinori YOSHIKAWA
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Fig.1 Subband coding.
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Fig.2 Wavelet decomposition.
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Fig.5 Allpass-based filter banks.
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Fig.6 Decomposition process.

16

000 A(z) 0 A" 0000 @(n) O &1(n) O
oooooooo

%@:A@MV) (11)
Vi(z) = Az Ui(2)

godooOooooood (11)I:J[I[I

Th(z) = 2 M () (12)
OOo00ooooooooooooo

Go(n) = o1 (M — 1 — n) (13)

00000000000 go(n) O §2(n) OO

go(n) = vo(n)+01(n) = vo(n)+vo(M—1-n)
y1(n) = vo(n) =01 (n) = vo(n)—vo (M —1-n)
(14)

00000D0d(r) 0000000000000 Odo(n)
0 A(z) 00000%(r) 0000000000

00000000000 A(z) 000000000
O00A(z) 00000000000 10000200
000000000000000000000000
000000000000000000000000
00 A(z) 00000000D00000000000
000100000000000000000000
ooo

N N

A=) =[[a= =] 2o (15)

-1
5 11—z
=1 =1

0000q 000000000000000000
0[12]000000000000000000000
000000000000000000000000
000000000000 000000000000
00 AS(>)00000000000000 AY(2) O
ODO0DODAY(z"YH O

1

Ny gl
U/ —1\ _ o
AY(z )_Hi1 - (16)
i=11——2
(073

000000000000000 7000000000
0000 AY(2) 0000000000000000
0 AY(:"Y)000000000ODOoo0ongn
0000000000 000000
0000000000000 1000000000



gooooooooobooooboooooooboooooo

U(2) Po2)  Polz)  Vel2) Vel

07 OOOO0OO0OOoOoOoOOOOOoooo
Fig.7 Cascade of allpass filters.
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Fig.8 Structure of first-order allpass filters.
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Fig.9 Influence of delay order K (N = 2).
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01 00o0ooogo
Table 1 Comparision of computational complexity.

Filter Type Ny | Na

Allpass-2 2.08 | 5.07
Allpass-3 3.12 | 7.11
Allpass-4 4.16 | 9.15

Daubechies-9/7 | 4.50 | 7.00

02 00000O00OPSNR in dBO
Table 2 Comparision of coding performance (PSNR
in dB).

Image | bpp | All2 | All3 | All4d | D-9/7
1.000 | 38.36 | 38.32 | 38.25 | 38.34
Boat | 0.500 | 33.81 | 33.78 | 33.74 | 33.74
0.250 | 30.29 | 30.27 | 30.22 | 30.34
0.125 | 27.55 | 27.53 | 27.48 | 27.70

1.000 | 35.90 | 35.91 | 35.89 | 35.86
Goldhill | 0.500 | 32.55 | 32.54 | 32.52 | 32.57
0.250 | 30.04 | 30.03 | 30.01 | 30.16

0.125 | 28.24 | 28.21 | 28.19 | 28.18
1.000 | 39.99 | 39.99 | 39.97 | 39.90
Lena 0.500 | 36.83 | 36.84 | 36.80 | 36.74

0.250 | 33.72 | 33.74 | 33.69 | 33.62
0.125 | 30.68 | 30.67 | 30.60 | 30.61
1.000 | 37.46 | 37.64 | 37.71 | 36.79
Barbara | 0.500 | 32.24 | 32.45 | 32.51 | 31.60
0.250 | 28.05 | 28.17 | 28.19 | 27.60

0.125 | 24.95 | 24.97 | 24.90 | 24.89

0 13 0000 Barbarald
Fig. 13 Original image (Barbara).
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0 14 000000 Daubechies-9/7, 0.50 bpp,
31.59dB0O
Fig. 14 Reconstructed image with Daubechies-9/7
at 0.50 bpp (31.59dB).

015 000000 Allpass-2, 0.50 bpp, 32.24dB0O
Fig. 15 Reconstructed image with Allpass-2
at 0.50 bpp (32.24dB).
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0 16 000000 Allpass-3, 0.50 bpp, 32.45dB0O
Fig.16 Reconstructed image with Allpass-3
at 0.50 bpp (32.45dB).

0 17 000000 Allpass-4, 0.50 bpp, 32.51dB0O
Fig. 17 Reconstructed image with Allpass-4
at 0.50 bpp (32.51dB).
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03 0D0000000D00O0ON =20K =00
Table 3 Allpass filter’s poles (N = 2, K = 0).

aq —0.177979816042304‘
a9 —2.622020183957696‘

04 DO0DOO0ODOOON =30K =10
Table 4 Allpass filter’s poles (N = 3, K = 1).

a1 | —0.023421767325093
ag | —0.498798453756221
agz | —3.334922678918686

05 0D00000O0O0DO0O0OON =40K =00
Table 5 Allpass filter’s poles (N =4, K = 0).

a1 | —0.051223616462570
ag | —0.407729187986630
ag | —1.694174258880685
ay | —9.846872936670111
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