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ABSTRACT

The bit allocation procedure of JPEG 2000 is based on a
rate-distortion curve directly computed from quantized
and encoded wavelet coefficients. Thus, JPEG 2000 ex-
ploits at best the efficiency of its bit plane context-based
arithmetic coder. However, encoding data which will
not be saved in the final bit stream introduces com-
plexity and JPEG 2000 bit allocation requires a lot of
tests. We propose a new compression scheme using a
low complexity model-based bit allocation followed by
scalar quantizers with optimized deadzone sizes and the
EBCOT bit plane coder to entropy encode the quantized
subbands. The resulting compression scheme provides
the same performances as JPEG 2000 with less com-
plexity and simpler hardware implementation.

1 Introduction

Image compression has been under study for many years
and the new JPEG 2000 standard [1] can be considered
as the state of the art. The bit allocation procedure of
JPEG 2000 is based on a rate-distortion curve directly
computed from the image to compress. Thus, JPEG
2000 can exploit at best the efficiency of its bit plane
context-based arithmetic coder. However, the method
has two drawbacks. The first one is the need to encode
data to get the rate-distortion curve used in the bit al-
location process. Therefore, JPEG 2000 encodes more
data than will be saved in the final codestream. The
second one is that the set of possible quantization steps
in a subband is limited to the product of a pre-defined
quantization step times powers of two. When all the
bit planes are encoded, the resulting quantizer is a uni-
form scalar quantizer with deadzone twice as wide as
the quantization step. It has been proved that such a
deadzone size is not optimal [2].

In this paper, we propose an alternative compression
method using a model-based bit allocation procedure.
The scalar quantizers are applied in each subband and
EBCOT’s bit plane arithmetic coder encodes the quan-
tized subbands. Our bit allocation is computed from
subband statistics. Once it is computed, both quantiza-
tion and entropy coding can be performed concurrently

for all subbands. Thus, quantizers are no more chosen
from a finite set of possible ones and the deadzone width
can be adapted to the subband bitrate. The complexity
is reduced since only usefull data are encoded. The pro-
posed method architecture is composed of independent
procedures, which is welcome for hardware implementa-
tion.

In section 2, we present the structure of the proposed
compression scheme and its different components. Sec-
tion 3 deals with the model-based bit allocation method
and section 4 shows some experimental results.

2 Compression scheme

Fig. 1 shows the flow chart for our new compression
scheme. First, we perform a wavelet decomposition of
the signal. The second step consists in using statistical
information of the subbands to compute an optimized
model-based bit allocation. In the third step, we per-
form the wavelet coefficients quantization. Finally, the
quantized wavelet coefficients are lossless entropy en-
coded. The first difference with EBWIC [3] is that the
bit allocation has been updated to take account of scalar
quantizers with optimized deadzone sizes [2]. The sec-
ond one is the use of EBCOT’s [4] bit plane encoding
rather than Run-Length and Huffman. Thus, the bit al-
location and the quantization are performed before the
encoding process. This avoids to encode data which will
not be kept in the final bit stream and lots of tests can be
saved since the encoding has to be performed for all the
bit planes. An important aspect of our approach is that
once the bit allocation has been computed, the quanti-
zation and encoding of subbands is done separately and
can be performed simultaneously on separate ASICs for
hardware implementations.

Let us now describe more precisely each block of this
compression scheme.

2.1 Wavelet transform

We have selected the 9-7 biorthogonal wavelet transform
[5] which is known to be almost orthogonal and gives
the best results for dyadic sampled images [6]. We use
a three level decomposition.
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Figure 1: Flow chart of the compression scheme

2.2 Scalar quantization

The quantization is performed by uniform threshold
quantizers with optimized deadzone sizes. The ratio %
between the zero quantization bin size z and the size ¢ of
all other quantization bins depends on the source proba-
bility density function and g. See [2] for more details on
the computation of the optimized deadzone size. Uni-
form threshold quantizers with deadzone provide higher
coding performance at the cost of a small increase of
complexity. The decoded wavelet coefficient is the cen-
troid of its quantization bin according to the probability
density function model of the subband. The parameters
z and q of each quantizer are computed in the bit allo-
cation procedure.

2.3 Entropy coder

The lossless entropy coding of the quantized wavelet co-
efficients is supplied by EBCOT [4]. For each subband,
EBCOT produces an embedded bit stream based on the
following three passes for each bit plane:

1. The significance pass: This pass encodes the bits
of the coefficients not yet found to be significant
which are predicted to become significant during
the processing of the current bit plane. If the bit
to encode is one, the coefficient becomes significant
and its sign is also encoded in this pass.

2. The refinement pass: This pass encodes the bits of
the coefficients that were found to be significant in
previous bit planes.

3. The cleanup pass: This pass encodes the bits of
the coefficients not processed in the significance and
refinement passes. If the bit to encode is one, the
coefficient becomes significant and its sign is also
encoded in this pass.

All the bits are encoded using a context based arithmetic
coder. The values for the probability models in each
context have been taken from JPEG 2000 [1]. We do not
have split subbands into blocks in our implementation.
As the rate-distortion optimization has been performed
in the model-based bit allocation procedure, this coder
is applied to all the bit planes.

2.4 Bit allocation

The bit allocation procedure is responsible for the final
rate-distortion performance of the method. When it is
computed before the quantization and encoding steps,
it must use rate and distortion models that fit well with
the quantizer and entropy coder performances. EBCOT
uses a context based arithmetic coder. Thus, it is sup-
posed to produce a bitrate lower than the entropy of
the quantized wavelet coefficients. However, as the out-
put bitrate depends on the spatial distribution of the
wavelet coefficients, we do not know how to predict it
efficiently. Therefore, the bit allocation proposed in the
following section makes the assumption of an entropy
coder.

3 Bit allocation

3.1 General purpose

The purpose of the bit allocation is to determine the
quantizers in each subband which minimize the average
mean squared error for a target bitrate [7]. The subband
quantizers are scalar quantizers with deadzone. They
are defined by the size of their zero quantization bin z
and the size of all other quantization bins ¢q. Therefore,
the solution of the bit allocation problem is obtained
by the minimization of the following criterion using La-
grange operators:

#SB #SB
J = Z Aimiod, (25, i) + A( Z a;iRi(zi,q;) — Rr) (1)
=1 =1

where 0221, (zi,q;) and R;(z;, q;) are respectively the mean
squared error and the bitrate produced in the i** sub-
band; a; denotes the weight of subband ¢ in the total
bitrate; {m;} are weights used to take account of the
non-orthogonality of the filter bank and {A;} are op-
tional weights for frequency selection. #SB denotes the
number of subbands while Ry is the target bitrate.

3.2 Rate and distortion models

The only way to compute an efficient bit allocation with-
out pre-quantizing subbands is to accurately model the
distribution p(z) of the wavelet coefficients and use the-
oretical models for both distortion and bitrate. This
distribution can be approximated with generalized gaus-
sians [5]. We have

p(e) = ae~ 1"

withb =1,/ ?8;3% and a = % To compute the bi-
trate produced by the deadzone scalar quantizer {z, ¢},
we use the probability of the quantization level m. We

have Pr(m) = Pr(—m) = f;:(‘ﬁnn“q_l)qp (x)dx form # 0

and Pr(0) = fjf p(z)dz.



Rate (bpp)

alpha=1 — abpha=1/2 —alpha=1/3 ——alpha =1/4

Figure 2: In(—h) versus bitrate

Then, the bitrate is approximated by the entropy of
the output quantization levels:

+oo

R=- Z Pr (m) log, Pr (m)

m=—0o0

According to [8], the best decoding value for the quan-
tization level m is the centroid of its quantization bin
f_ +lmlq op(z)de

Ty = ngz;‘i) for m # 0 and Zg = 0. Then,
the mean squared error is
0y = fjf.’l]p( ) dx

2yt SR @ = E) p (2) da

3.3 Solution

For generalized gaussian distributions, (1) can be writ-
ten as

#SB #SB I
= o?D; Zi & JRi(ZE ) —
J= ZZIAT"'L ( o; 0_)+)‘(Z a;iRi( K ) Rr)

g i=1

where D; and R; depend only on « and the ratios Z
and Z (see [2] for more details).

Let f be any function and zj its k** variable and
define ;—mfk as the derivative of f with respect to its k**
variable. Differentiating (2) with respect to z;, ¢; and A
provides the following system:

aD; (ﬁ ﬂ) 8D; (ﬁ ﬂ)
Oz, \0;7 05 Oxo \ 0;’ 0;
= ()
OR; (2i ai OR; (zi ai
Ox1 \0;’ 0; Oxa \0i’ 04
aD; (ﬁ ﬁ)
Ox2 i’ 0 a;
Do A0l ) Y (4)
OR: (2 @ Ay
Oxa \0; 0;
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Figure 3: Bitrate versus In (£)

#SB -
Z a;Ri(Z,2)=Rr = 0 (5)
: g; O;
i=1

The solution of Eq. (3) provides the optimal relationship
between z and ¢ for a given shape parameter a. We
get 22 =g; (g—) with g; the function that provides the
solution of (3). Inserting this in Eq. (4) and (5) gives

hi<qi):‘35; (0 (2).2) A ()

i oz (gz (0 ) ’%) Aiﬂ.ia?
#SB 1 z
> ailo (L), L) rr = 0 g
i=1 ! ¢

where h; is defined in Eq. (6) to simplify the nota-
tions.
The bit allocation process is the following:

1. Lambda is given. For each subband i, compute

In ()‘ Ai;lriia'?)

ing bitrate R; from the curves shown in Fig. 2.

= In(—h) and read the correspond-

2. Compute ‘ngB a;R; — RT‘. If it is lower than a

given threshold, the constraint (7) is verified. Else,
compute a new A and go back to step 1.

3. For each subband i, read q’ from the curves shown
in Fig. 3. ¢; is the optlmal quantization step for
subband i.

4. Then, for each subband i, read z; from the curves
shown in Fig. 4.
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Figure 5: PSNR of the proposed method minus PSNR
of JPEG 2000

to apply in each subband and EBCOT to entropy en-
code the quantized subbands. Our algorithm provides
the same performances as JPEG 2000 with less com-
plexity and simpler hardware implementation. Finally,
the proposed method can be easily adapted to provide

Lena Gold Hotel
| bpp JPEG | Proposed JPEG | Proposed JPEG | Proposed
0.25 | 34.10 | 33.96 | 31.56 | 31.65 | 30.17 | 30.20
0.5 | 37.25 | 37.13 | 34.20 | 34.33 | 34.06 | 34.04
1 | 4035 | 4036 | 3775 | 37.86 | 38.45 | 3834
1.5 | 4274 | 42,89 | 4043 | 40.69 | 41.11 | 41.07
2 | 4477 | 4537 | 43.13 | 4334 | 4352 | 43.64
Table 1: PSNR versus bitrate comparisons between

JPEG 2000 (VMS8.6) and the proposed method

4 Experimental results

Table 1 compares the PSNR of our method and JPEG
2000 (Verification Model 8.6) for three test images when
both coders use a three level 9-7 wavelet decomposition.
The difference between the PSNR of our method and
the PSNR of JPEG 2000 is plotted in Fig. 5. We can
see that the performances of our approach are close to
JPEG 2000 except for Lena at 2 bpp for which we have
a gain of about 0.6 dB. Therefore, the method proposed
in this paper provides state of the art performances with
reduced complexity compared to JPEG 2000. Actu-
ally, the proposed compression scheme is composed of
a low complexity model-based bit allocation [3] and in-
dependent quantization and entropy coding procedures
while JPEG 2000 computes the bit allocation during
the encoding step. A possible hardware architecture is
to implement the DWT, subband statistics computa-
tion, scalar quantization and EBCOT bit plane coding
procedures on ASICs and the bit allocation on a DSP.

5 Conclusion

We have proposed a new compression scheme using a
model-based bit allocation to determine the quantizers

a scalable JPEG 2000-like file format syntax.
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