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Extensible JPEG2000 Image Compression

Systems

Guoan Yang, Nanning Zheng, Cuihua Li, Shugang Guo

Abstract The purpose of this paper is to presents an approach
to extend the functionality and the application fields of the
JPEG2000 image coding systems by choosing various wavelet
kernels such as CDF 9/7, LT 5/3, BT 7/5a, BT 7/5b, standard 7/5,
Antonini 7/5, LS 9/7 etc. This paper gives a general procedure
for extending the JPEG2000 coding system by using 7/5 wavelet
which includes 7/5 wavelet lifting scheme, quantization
algorithm, EBCOT coding and their optimization design.
Experimental results show that the compression performances
of the extensible image coding system for various image
properties, and various needs and requirements of the image
compression are always excellent by choosing appropriate
wavelet kernel. The image compression performances of the 7/5
wavelet kernel in extended JPEG2000 coding system very close
to CDF9/7 wavelet kernel, and 7/5 wavelet filter have rational
coefficients, so that reduces computational complexity and are
suitable for implementation via VLSI than CDF 9/7 wavelet
kernel.

.Index Terms-DWT, wavelets filters, quantization
algorithm, JPEG2000 image compression systems, lifting
scheme.

I. INTRODUCTION
J PEG2000 standard part 1 [1] only gives two defaulted wavelet

fIlterbanks, i.e. CDF 9/7 [2](Cohen,Daubechies and Feauveau)
and LT 5/3 (LeGall and Tabatabai) wavelet filterbanks for
implementing discrete wavelet transform (DWT) based on lifting
scheme [3]-[5]. The coefficients ofCDF 9/7 wavelet filterbanks are
irrational values so can only implement lossy compression, but the
coefficients of LT 5/3 wavelet filterbanks are rational values so can
implement lossless compression of the image. The JPEG2000
standard part 2 [6] is an extension of JPEG2000 standard part 1, it
will be performed that user-defined to new wavelet kernels for
image compression. So far, apart from [6] [7] [8] , less attention has
been paid to the research in the image compression using 7/5-tap
wavelet kernels. BT 7/5 (Brislawn and Treiber) wavelet lifting
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scheme derived from Euclidean algorithm, and the research for the
image compression performances and the optimization design
approach for 7/5-tap wavelet filters based on 1-order autoregression
are published by authors [9] [10]. Antonini 7/5 wavelet filters and
the wavelet lifting scheme for LS 9/7 are proposed by Antonini and
Zhong respectively [11][12]. Recently the 7/5-tap wavelet
filterbanks are normalized by JPEG2000 standard part 2, but
lifting parameter K is different from BT 7/5b. However, no
systematic study has been done to see if using different wavelet
filterbanks for either different image types or compression
requirements improves the coding performances. Therefore, the
extension to JPEG2000 image compression systems is significant to
further applications of image compression.

II. 7/5 WAVELET FILTER LIFTING SCHEME

7/5 wavelet filterbanks are symmetric and compactly supported
biorthogonal. Low-pass filters of analysis and synthesis are denoted
respectively as h(z) and g(z) , then 7/5 wavelet filter family is as
follows

{h(z)= ho + h1(z + z-1) + h2(z2 + Z-2) + h3(z3 +z3) (1)

g(Z) = ++g1(Z +Z + + 2)

where hi (i=O, 1,2,3) and gi (i=O, 1,2) are the coefficients of 7/5-tap
wavelet filterbanks. According to [9][10], the relationship between
the coefficients of 7/5-tap wavelet filterbanks and its lifting
implementation parameters is given by

ho (1 + 2/3y)K
h,= [( 2 a, + I ) y + a (1 +/ y)]K
h2 /3yK
h3 = a/3yK (2)

g = (2ar/ + 1) /(2K)
g, = -,8/1(2K)
92 = a/3/(2K)

where a, f3, y and K are the lifting parameters for 7/5-tap wavelet
filterbanks, and we have

1 1- 4a2 1
fl = - , y= , K = (3)

4a+2 4 2a+1
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the forward lifting scheme for 7/5-tap wavelet filters are as follows

(1) 0s =s + or (d (0 + d ( l)

dj() =d 0) + 86(sjj) + sj 1)
(2) ) )sj2 sjl + y(d(1) + di-Il

sj Ks (2)

d. =d' 1K

the lifting implementation for 7/5 wavelet filter is shown in fig 1.

s (0) 4 () k ,(T\ 12 / (c) (d)

Fig.2 (a) (b) is wavelet and scaling function for analysis,
(c) (d) is its synthesis about BT 7/5b wavelet filterbanks

(a)

III. QUANTIZATION OF 7/5 WAVELET
In extended image compression system, 5 level of wavelet
decomposition is applied for achieving excellent performances of
image compression. After the forward wavelet transform, each of
the transform coefficients ab(u,v) of the sub-band b is quantized to
values qb(u,v) according to the following equation[][6]

V F F S(2)> I (1) S(°)

X 1I) e () >l'
(b)

Fig.l the construction of the 7/5 filter for lifting scheme
(a) the decomposition (b) the reconstruction

The coefficients and the lifting parameters of low-pass of the BT
7/5a and BT 7/5b wavelet filterbanks are indicated in tablel-table4
[7][8]. the both wavelet and scaling function for analysis and
synthesis are plotted in figure2(a)-figure2(d).

Table.l low-pass coefficients for BT 715a Table.2 lifitng parameters for BT 715a

k hk(analysis) g/(synthesis)
0 31/44 21/40
±1 449/1760 1/4
±2 -9/88 -1/80
±3 -9/1760

parameter value

a 1/20
-5/11

Y 99/400

K 10/11

qb (U, V) = sign(ab (U, V)) b(v) j (4)

where Ab is the quantization step sizes, which will be of different
values when using different wavelet filters, Ab are derived from the
following equation

A Ad 2Rb
Ab=

Yb

(5)

a typical values for Ad equals to 21-, where RI is bit depth of the
original image tile-component. The relationship between RI and Rb
can be determined by the following equation

Rb =RRI+1og2G
combining (5) and (6) we have

A, = 2.GAb I
-N,Yb

(6)

(7)

Table.3 low-pass coefficients for BT 7/5b

k hk(analysis) gk(synthesis)
0 79/116 27/50
±1 373/1450 1/4
±2 -21/232 -1/50
±3 -21/2900

Table.4 lifitng parameters for BT 7/5b

parameter value

a 2/25

-175/406
7 609/2500
K 25/29

Typical values for the number of guard bits G are listed in table 5.
where Yb denotes energy weight for a given sub-band b, and is the
product of its row weight and column weight.

Table 5

Sub-band

LL 1

LH 2

HL 2

HH 4
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Original
For example, a transformed coefficient of wavelet belonging to Image

sub-band b=3LH undergoes three low-pass filtering in the row

direction. In the column direction, the appropriate filtering is
high-pass followed by two low-pass. Let Ip, and hp be the impulse Forward
response of the low and high pass synthesis for CDF9/7 DC level
one-dimension filters as is shown in table 6. shifting

To calculate the column weight, h, is up-sampled and convolved
with Ip. The result is then up-sampled and convolved with Ip. Ifmore
than three synthesis filters are applied in the column direction, the
previous calculation is repeated until all filters needed to perform
the inverse wavelet transform have been applied. The column
weight is then the sum of the square of all samples in the final
convolution result. By the same method, we can calculate the row
weight value and then we can get the quantization step size Ab by the
value of Yb. The quantization step size of each sub-band for other
wavelet filters is obtained using the same method. Finally
quantization step size of each sub-band of the CDF 9/7, BT 7/5 and
LS 9/7 for 5 level of wavelet decomposition are determined by a

great deal of different experiments about image compression as is
indicated in table 3.

Table 7

o CDF9/7 BT7/5 LS9/7

subband

HH1 0.961670 3.849609 1.961670

LH1 0.989258 1.979370 1.984009

HL1 0.989258 1.979370 1.984009
HH2 0.517456 2.073364 2.066040

LH2 0.501343 1.003540 1.982788
HL2 0.501343 1.003540 1.982788
HH3 0.240723 0.963867 1.903564
LH3 0.239380 0.478882 1.883545
HL3 0.239380 0.478882 1.883545

HH4 0.116333 0.466064 1.838135

LH4 0.117310 0.234741 1.847534
HL4 0.117310 0.234741 1.847534
HH5 0.057617 0.230713 1.824829
LH5 0.058350 0.116699 1.843994
HL5 0.058350 0.116699 1.843994
LL5 0.058350 0.059082 1.863037

The flow charts of the extensible JPEG2000 image compression
system is shown in fig.3. the BT 7/5a, BT 7/5b, Antonini 7/5 and LS
9/7 are defined through using different quantization and EBCOT
coding [1][13], and higher quality image reconstructed form
extended JPEG2000 image compression system are obtained.

Coded Image

Fig.3 the flow of Extensible JPEG2000 Image Compression System

IV. EXPERIMENTAL RESULTS

In order to perform image compression for different image and
different compression requirements, this paper have developed an

extensible image compression system based on JPEG2000 standard,

1378

Table 6

= Ip(i) hp(i)

0 1.115087052456994 0.6029490182363579

± 1 0.5912717631142470 -0.2668641184428723

±2 -0.05754352622849957 -0.07822326652898785

±3 -0.09127176311424948 0.01686411844287495

±4 0 0.02674875741080976

Other 0 0
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which only supports both CDF 9/7 wavelet filterbanks and LT 5/3
wavelet filterbanks but also supports BT 7/5a, BT 7/5b, Antonini
7/5 and LS9/7 wavelet filterbanks through improves jasperl.701.0
version [14] within JPEG2000 standard. And also, a large deal of
experiments of image compression for standard test images are
performed using 5 level of wavelet decomposition and EBCOT
coding algorithm. The typical objective coding results with PSNR
in dB for standard test image women.bmp which is 512x512 pixel
and 8bits depth are shown in table8 and table9.

Table 8

FT,ilters

% CDF9I7 BT7I5a BT7I5b LT513 LS9/7

C.R

4:1 45.8728 45.4255 45.5494 44.4178 45.880

8:1 39.1503 38.7211 38.8229 38.1474 38.887

16:1 34.5551 34.1463 34.2185 33.9244 34.337

32:1 31.4530 31.2834 31.3065 31.0521 31.268

64:1 29.5272 29.2553 29.2425 29.1728 29.302

100:1 28.2210 27.9271 27.8405 27.9241 27.863

128:1 27.3979 27.1850 27.1185 27.2418 27.115

Table 9( wavelet decomposition time)

Flers

2CDF9/7 BT7/5a BT7/5b LT5/3 LS9/7

4:1 1.57200 1.50200 1.52200 1.41200 1.50200

8:1 1.49200 1.44200 1.48200 1.32100 1.43200

16:1 1.44200 1.39200 1.40200 1.26100 1.38100

32:1 1.43200 1.37100 1.36100 1.22100 1.35100

64:1 1.42200 1.34100 1.34100 1.20100 1.32100

45

40
co

z
0.

30

2 3 4 5 6 7 8 9 10
compression ratio (n th power of 2)

Fig.4 the comparison ofcompression performance of different filters

(a) CDF 9/7 (b) BT 7/5a

It is easy to find from table 8 - table 9 that the performances of the
image compression using BT 7/5a and BT 7/5b wavelet filterbanks
is very close to CDF 97 filter, and also is much better than LT 5/3
filter and LS9/7 filter, and the comparison with PSNR values in dB
for reconstructed image by using different wavelet filterbanks
plotted in fig.4. It is illustrated that PSNR values of the
reconstructed image using BT 7/5b wavelet filterbanks is only
0.12dB less than the CDF9/7 filter bank, but 1.13dB higher than the
LT5/3 filter bank in compression ratio 4:1. However, when the
compression ratio goes beyond 100:1, the compression

performance using BT 7/5a and BT 7/5b filter is 0.001-0.08dB less
than the LT 5/3 filter, and the paper only provide the subjective
comparison of women.bmp under compression ratio of 32:1 using
several wavelet filters in fig.5.

(c) BT 7/5b (d) LT 5/3
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[14] Jasperl.70 1.0 version, ISO/IEC 15444-5:2004 Information
technology-JPEG2000 image coding system part5: Reference software.

(e) LS 9/7 (f) Original

Fig.5 the subjective comparison of compression
performances of several filters

V. CONCLUSIONS

The new JPEG2000 image compression system we have developed
can supports more wavelet filters than the JPEG2000 image
compression system, and the coefficients of wavelet filters are
rational values, so it is known that reduce computational complexity
and are very suitable for design of ASIC. Furthermore, since fast
DWT based on lifting scheme is used, hence the new JPEG2000
image compression system allow for conduct real-time processing
with an excellent compression performances. This paper provides a
method that extend the JPEG2000 image compression system to be a
new JPEG2000 image compression system by the user-defined
approach which is more efficient than original.
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