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ABSTRACT

In this paper, we propose high quality video coding method
for JPEG 2000 based on a rate control method which main-
tains a constant MSE given as a target. In the proposed
method, we can specify the target MSE, and additionally,
a maximum bit rate simultaneously in order to maintain the
desired image quality and file size. For compressing a video
sequence using JPEG 2000, we can specify the target bit-
rate at encoding time. In general, required bit-rate to main-
tain a specified MSE differs from frame to frame. Hence, if
we need to maintain a constant MSE for a video sequence
using the conventional one-pass compression methods, the
target bit-rate should be set as the one for the frame whose
compression ratio is the worst. In this case, a high target
bit-rate that is unnecessary to achieve the required MSE for
most frames is used so that the compression ratio become
worsen. In the proposed method, we could specify the tar-
get MSE at the encoding time, so that we can encode each
frame at the lowest bit-rate to maintain the desired MSE for
the frame. Hence, by applying it to a video sequence, we
can prevent to generate a frame whose MSE is lower than
required.

Keywords: JPEG 2000, Image compression, PCRD-opt,
Rate control, Image quality, Quantization

1. INTRODUCTION

In this paper, we propose a novel one-pass rate control method
maintaining a image quality given as the target MSE (mean
squared error) for JPEG 2000[1, 2] coded images. In most
of the conventional rate control methods for JPEG2000, we
specify a target bit-rate and the image quality will be deter-
mined dependent on the rate. On the other hand, in the pro-
posed method, we can specify a target MSE, and addition-
ally a maximum bit rate simultaneously in order to maintain
the desired image quality and file size.

Recently, the need for processing a large amount of video
sequences in digital format has been increasing, and the
techniques for faster and higher quality compression are
required. JPEG 2000 is employed as the standard com-
pression method for DCI (Digital Cinema Initiatives)[3] so
that it is applied to compress a large amount of high res-
olution images. For compressing a video sequence using

JPEG 2000, we can specify the target bit-rate at encoding
time[2, 4, 5]. In general, required bit-rate to maintain a
specified MSE differs from frame to frame. Hence, if we
need to maintain a constant MSE for a video sequence using
the conventional one-pass compression methods, the target
bit-rate should be set as the one for the frame whose com-
pression ratio is the worst. In this case, a high target bit-rate
that is unnecessary to achieve the required PSNR for most
frames is used so that the compression ratio become worse.

In [6, 8], methods for controlling the image quality at the
encoding process are proposed. The purpose of the method
of [6] is to maintain a constant transfer bit rate when videos
are transmitted via the Internet using UDP or similar proto-
cols. At the first stage, the images are encoded by specify-
ing a higher bit-rate than required and the bit stream will be
truncated according to the amount of the available network
bandwidth. Therefore, it is difficult to specify an specific
MSE of the encoded images using the method of [6]. The
method of [8] adjusts the quality of the encoded images ac-
cording to the property of HVS (human visual system) and
the images will be optimized under the perceptual distor-
tion measure so that we could not specify the image quality
in terms of the MSE.

In the proposed method, on the other hand, we could
specify the target MSE, or similarly in the PSNR (peak sig-
nal to noise ratio) at the encoding time, so that we can en-
code each frame at the lowest bit-rate to maintain the de-
sired MSE for the frame. Hence, by applying it to a video
sequence, we can prevent to generate a frame whose MSE
is lower than required. Note that bit-rate can be also con-
trollable by specifying its upper limit and the target PSNR
simultaneously. Also, by employing the proposed method
with a conventional rate control method specifying a target
bit-rate, it is possible to efficiently reduce the amount of
coded data. Hence, we could have the following three ways
to specify the target:

1. Only the target bit-rate (Identical to the conventional
PCRD (Post-Compression Rate-Distortion) optimiza-
tion)

2. Only the target MSE (Proposed)

3. Both of the target bit-rate and the MSE (Proposed)



Fig. 1: Flow of JPEG 2000 coding

The proposed method could be used for the applications in
which very high quality images are required. Although we
could think of lossless compression to maintain the quality
of coded images, in this case, it may result in very large file
size because we can not specify the allowable maximum bit-
rate to lossless encoders. On the other hand, the proposed
method enables us to achieve the desired high image quality,
for example by setting it as 45dB, with limiting the maxi-
mum bit-rate of the coded images within a specified upper
limit. This is one of the main advantages of the proposed
method over the conventional PCRD optimization methods.

2. JPEG2000 IMAGE CODING

In this section, we review the JPEG 2000 image coding stan-
dards, and the PCRD-Opt algorithm.

2.1 JPEG 200 image coding

Here, we summarize the standard procedure of JPEG2000
image encoding. In Fig. 1, the flowchart of the JPEG2000
encoding process.

An input image is divided into sub-bands using discrete
wavelet transform (DWT). DWT coefficients in a sub-band
are transformed in quantized coefficients by pre-quantization,
and then, divided into sub-regions called code-blocks. Quan-
tized coefficients in a code-block are processed as bit-planes,
and each bit-plane is divided into three coding passes (SP,
MR, CP). Then, rate control using the PCRD optimization
is applied where, in each code block, the optimum trunca-
tion points are obtained. Once the truncation points are ob-
tained, the bit stream are applied to the MQ encoder, and
JPEG2000 packets are generated by adding header informa-
tion. Finally, a JPEG 2000 code stream of the input image
is outputted.

Here, we should note that iterative operation of MQ en-
coding and the following procedures with varying the trun-
cation points are required when the target bit-rate is given
for rate controlling although the method is categorized into
one-pass rate control. Iterative processing is required to fix
the length of the generated code stream.

2.2 PCRD optimization algorithm

In JPEG2000 standard, in each code block, truncation points
are determined to minimize the total distortion given a target

bit-rate. The procedure of the PCRD optimization is given
as the following:

(2.1) In each code block, the slopes of the R-D curves at the
truncation points are calculated, and so that the maxi-
mum and the minimum slops are obtained. Then, the
maximum is used as the upper limit and assumed to
be the optimum slope. The minimum, on the other
hand, is treated as the lower limit.

(2.2) The slope at the optimum truncation point is assumed
to be the middle value of the upper and the lower lim-
its. In the following steps, this assumed slope λ̂ is
used as a threshold value.

(2.3) In each code block, a candidate of the optimum trun-
cation point is obtained as the point where the slope
at a truncation point is smallest value greater than the
threshold λ̂.

(2.4) By performing the MQ encoder and the following
procedures in the encoding process at the candidate
of the optimum truncation point of (2.3), the bit-rate
R̂C of the code stream will be calculated.

(2.5) The calculated bit-rate R̂C is compared with the tar-
get bit-rate Rt. If R̂C ∼ Rt, then PCRD optimization
process quits by setting the optimum slope as λ̂. If
R̂C > Rt then the lower limit is set as the assumed
slope, or in the case that R̂C < Rt then the upper
limit and the optimum slope are set as the assumed
slope λ̂.

(2.6) If values of the upper and lower limits are close enough,
then PCRD optimization would quit. In other cases,
iterate the procedure from (2.2) above.

In Fig.2, we show the flowchart of the PCRD-opt method.
It should be noted that, when the target bit-rate is specified,
the PCRD optimization process iterates the procedure (2.4)
through (2.6) although the rate control of JPEG 2000 is gen-
erally called one-pass rate control.

3. PROPOSED METHOD

Here, we describe the proposed method.

3.1 Estimation of the image quality

In the proposed method, we use the MSE in the spatial do-
main as the distortion D. When we truncate a coding pass
p
(p,k)
i (k ∈ {SP, MR, CP}) in p-th (p = 0, 1, . . .) bit

plane of i-th code-block, the distortion ∆Di(p, k) is given
using DWT coefficients as the following equation [4][9][10]:
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Fig. 2: Flowchart of the encoding process when the target
bit-rate is specified.

where

Ts(ṽ) = (2ṽ)2 − (2ṽ − 3/2)2 (2)

Tm(ṽ) = (2ṽ − 1)2 −
(
2ṽ − b2ṽ

(p+1)
i [j]c − 1/2

)2

(3)

In this equation, ∆i shows the quantization step-size of
the i-th code block; v

(p)
i [j] show the DWT coefficients after

pre-quantization step; ṽ
(p)
i [j] shows the decimal part of the

division of v
(p)
i [j] by 2p. Also, Gbi shows the coding gain

of inverse wavelet transformation in the subband where the
code block bi belongs. These values are calculated using
the lowpass filter g0 and the highpass filter g1. We have the
following expressions for 1-D and 2-D cases as

sL1 [n] = g0[n], sH1 [n] = g1[n]

sLd
[n] =

∑
k

sLd−1 [k]g0[n − 2k], d = 1, 2, ..., D

sHd
[n] =

∑
k

sHd−1 [k]g0[n − 2k], d = 1, 2, ..., D

sLLD
[n1, n2]=SLD

[n1]sLD
[n2] → GLLD

= GLD
· GLD

sHLd
[n1, n2] = SLd

[n1]sHd
[n2] → GHLd

= GLd
· GHd

sLHd
[n1, n2] = SHd

[n1]sLd
[n2] → GLHd

= GHd
· GLd

sHHd
[n1, n2] = SHd

[n1]sHd
[n2] → GHHd

= GHd
· GHd

where d (d = 1, . . . , D) shows the level of DWT. Coding
gain Gi of the code-block bi is given as one of the above
equations. These equations are derived under the assump-
tion that the quantization noises are mutually uncorrelated.

3.2 PCRD optimization given a target MSE

Here, we describe the proposed procedure. In the proposed
method, target is given either in MSE or PSNR. When the
target is given in terms of PSNR, corresponding MSE value
are calculated from the target. Then, the target MSE is
added as a new constraint for the PCRD optimization pro-
cess.

The procedure of the proposed method is given as fol-
lows:

(3.1) In each code block, the slopes of the R-D curve at ef-
fective truncation points are calculated and the maxi-
mum and the minimum slopes are obtained. Then, the
maximum value is used as the upper limit. The mini-
mum value is used as the lower limit and is assumed
to be the optimum slope.

(3.2) We assumed that the slope at the optimum truncation
point is given as the middle value of the upper and
the lower limits. This slope λ̂ will be treated as the
threshold value in the following steps.

(3.3) In each code block, a candidate of the optimum trun-
cation point under λ̂ is obtained as zi, where the slope
becomes the smallest value greater than λ̂. At the
same time, the sum ∆D of the estimated MSE gen-
erated by the truncation is estimated by the following
equation:

∆D =
∑

i

∑
(p,k)<zi

∆D
(p,k)
i (4)

where (p, k) < zi shows the lower coding passes than
the truncation point zi.

(3.4) The bit-rate of the code stream is calculated by per-
forming the MQ coding and the following procedures.

(3.5) The calculated bit-rate is compared with the target
bit-rate. If they are almost equal then PCRD opti-
mization quits by setting the optimum slope as the as-
sumed slope. When the calculated bit-rate is greater
than the target, we set the lower limit as the estimated
slope λ̂ and jump to the procedure (3.7) below.

(3.6) The MSE value calculated in (3.3) is compared with
the target MSE. When the calculated MSE is greater
than the target value, the upper limit is set as the as-
sumed slope. Otherwise, the lower limit and the slope
are set as the assumed slope.



Fig. 3: Flowchart of the encoding process when the target
MSE is specified.

(3.7) If the upper and the lower values are close enough
then the PCRD optimization would quit. In other
cases, repeat the procedure from (3.2).

Note that the above procedure is for the case in which
both the target MSE and the maximum bit-rate are specified.
We could omit the steps (3.4) and (3.5) when only the target
MSE is given. The flowchart of the proposed method is
shown in Fig.3. This chart shows the case where only the
target MSE is given.

In the conventional optimization process of the previ-
ous section, the exact bit-rate is obtain in step (2.4) and
it is compared with the target value in step (2.5). On the
other hand, in the proposed method, an estimated MSE us-
ing equation (4) is used when comparing MSE values in
(3.6) so that estimation error may be generated in this step.
Especially, if all the pixels of the processed image have the
same value then there exists small number of effective trun-
cation points, and hence, noise components have non-zero
cross-correlations. The correlated noise components affect
the estimation of MSE. In this case, estimated MSE will not
become smaller than the target MSE so that the optimum
slope would never be updated.

In order to prevent this problem, we propose to initialize
the optimum slope at the first step of the algorithm using the
minimum value of the slopes calculated at the effective trun-
cation points in all the code blocks. As a result of this, if the
optimum slope is never updated then all the coding passes
will be exist in the code stream, and hence, we could pre-
vent the case that the obtained PSNR become much smaller
than the target value.

4. SIMULATIONS

To verify the effectiveness of the proposed method, we eval-
uated MSE and file size of encoded images. For encod-
ing, we implemented the proposed method into the JasPer
encoder[11] and used it in the following simulations.

4.1 Accuracy of achieved MSE

We encoded still images with varying the value of the target
MSE, and we compared the target values with the achieved
MSE and PSNR of encoded images. The conditions of this
simulation are shown in Table 1. In Fig.4(a)(b), we show
the comparison of achieved MSE with the target. On the
other hand, in Fig.4(c)(d) comparison of the achieved and
the target values in terms of PSNR are shown. Note that
the results of Fig.4 (b) and (c) are shown in the range from
30[dB] to 50[dB] in PSNR.

In Fig.4(a), it is shown that, in the region where the tar-
get values are relatively low, the PSNR of encoded image
does not become lower than a certain value. This is due to
the fact that many coding passes are truncated and almost
all of the pixels of encoded image have a same value. Be-
sides, from Fig.4(a), we can see that, as the target PSNR be-
comes higher, the achieved PSNRs of encoded image does
not match with the target values. This disagreement is due
to the errors generated in the DWT and quantization pro-
cess. However, in Fig.4(c), it is shown that the MSE of the
encoded image is very close to the target MSE in the region
where the target value is small. Hence, we can say that the
error is small in terms of the MSE in the region where the
target PSNR is from 30[dB] to 50[dB].

Fig.4(d) shows the comparison between the achieved
and the target MSEs. From this figure, we can see that,
when the target MSE is low, the MSE becomes large values,
however when target MSE is over 30[dB], the error becomes
small. We can say that, from these results, the proposed
method enables us to achieve the image with the specified
MSE with high degree of accuracy in practical PSNR (in
30[dB]to 50[dB]) region.

Table 1: Conditions of simulation 1.

image Lena
resolution 512(H) × 512(V) [pixels]

format 8 bit grayscale
DWT level 5 (9/7 filter)

codeblock size 64 × 64 [pixels]
target PSNR 1, 2, ..., 60 [dB]

4.2 Video coding specifying the target MSE and bit-rate
simultaneously

In this simulation, we encoded a video sequence with spec-
ifying the target MSE and the bit-rate simultaneously. The
effectiveness of the proposed method is considered in terms
of the estimated MSE, PSNR, file size, and encoding time.
The conditions of simulation are summarized in Table 2.
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Fig. 4: the result of test 1.

Table 2: Conditions of simulation 2.
condition (a) (b) (c)

image Elephants Dream
resolution 1,920(H) × 1,080(V) [pixels]

format 8 bit color
number of frames 2,000 [frames]

DWT level 5 (9/7filter)
codeblock size 64 × 64 [pixels]
target PSNR 45 [dB] - 45 [dB]
target bit-rate - 0.30 [bpp] 0.30 [bpp]

First, we encoded the video sequence with specifying
MSE corresponding to 45[dB] in PSNR, and evaluated the
file size of encoded data. The conditions are given as Table
2(a) and the results are shown in Fig.5. As a comparison,
we show the file size of the video when compressed using
JPEG2000 lossless mode in the figure. From the results in
Fig.5 (a), we can confirm that the file sizes are significantly
reduced by using the proposed method as compared with
those by the lossless compression. Besides, in Fig.5 (b), we
show the compression ratio of the file size of each frame,
and it can be seen that the compression ratios are in the
range from 5% to 28%, and the average is about 15%.
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Fig. 5: The results of simulations when the target MSE
(PSNR=45[dB]) was specified.

Next, in order to compare the proposed method with
the standard PCRD-opt, we encoded a video sequence with

specifying the average bit-rate, which was obtained in the
simulation above, as the target bit-rate in the JasPar en-
coder. The conditions and results are shown in Table 2(b)
and Fig.6. In Fig.6(a), the achieved PSNRs of each frame,
when the target MSE is specified, are shown, and in Fig.6
(b), those of when the target bit-rate is specified are shown.
Moreover, in Fig.6 (c), we showed the file sizes of each
frame for both conditions.

As shown in Fig.6(a), when specifying the target MSE,
PSNR of frames are maintained as almost constant, how-
ever, the file sizes varies from frame to frame. On the other
hand, as shown in Fig.6(b)(c), when specifying the target
bit-rate, file size of frames become almost constant but PSNR
varies from frame to frame.
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Fig. 6: Comparison of the results in the cases where the
target MSE was specified and where the target bit-rate was
specified.

Finally, we encoded the sequence with specifying both
the target MSE and the target bit-rate simultaneously. The
condition and results are shown in Table 2(c) and Fig.7 re-
spectively. In Fig.7, for the comparison, the results using
the PCRD-opt method are also shown.

In this simulation, as explained in Sec. 3.2, when the
estimated MSE of a frame became lower than the target
within the target bit-rate then we truncated following coding
passes. In other cases, we selected the optimum truncation
point of coding passes where the MSE becomes the small-
est at the target bit-rate. Note that, in this case, the resultant
MSE became lower than the target.

From the Fig.7 (c), we can confirm that there are no
frame whose PSNR largely exceeded the target 45[dB] for
those frames the proposed method can assign the required
coding passes under the target bit-rate. Also, it is confirmed
that the file sizes of frames are reduced from those obtained
by the PCRD-opt method. Moreover, the PSNR of some
frames obtained using the PCRD-opt reaches 50[dB] to 55[dB].
Consequently, the proposed method enables us to allocate
smaller amount of bits to each frame while maintaining the



desired quality.
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Fig. 7: Result of simulations when both the target MSE and
the target bit-rate were specified in the proposed method.

Table 3: Encoding time.

(a) (b) (c)
encoding time [sec] 1,927 2,061 2,047

We show the encoding time of each condition in Table
3. We note that we consider the proposed method under the
condition (b) is identical to the standard PCRD-opt method.
Hence, under this view point, encoding times of the pro-
posed method are almost same as that of the standard PCRD
optimization method. So we can conclude that increase of
encoding time by the additional process of rate allocation is
small.

5. CONCLUSION

In this paper, we proposed a novel one-pass rate control
method for JPEG 2000. The target MSE, and additionally
the maximum bit-rate if desired, can be specified in the pro-
posed method. We described the proposed method as an
extension to the PCRD optimization algorithm and noted
that it requires no additional computation cost to be imple-
mented.

Using the proposed method, we could maintain an al-
most constant MSE and could avoid the generation of low
MSE images when we apply it to the compression of a video
sequence. We confirmed the effectiveness of the proposed
method through computer simulations and showed that the
proposed method achieves the MSE (or the PSNR) very
close to the specified target.
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