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A Revised Dynamic ROl Coding Method Based On The
Automatic ROl Extraction For Low Depth-of-Field
JPEG2000 Images
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Abstract

In this study, we propose a revised dynamic ROI (Region-of-Interest) coding method in which the
focused ROI is automatically extracted without help from users during the recovery process of low
DOF (Depth-of-Field) JPEG2000 image. The proposed method creates edge mask information using
high frequency sub-band data on a specific level in DWT (Discrete Wavelet Transform), and then
identifies the edge code block for a high-speed ROI extraction. The algorithm scans the edge mask
data in four directions by the unit of code block and identifies the edge code block simply and fastly
using a edge threshold. As the results of experimentation applying for Implicit method, the proposed
method showed the superiority in the side of speed and quality comparing to the existing methods.
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| . Introduction

Due to the development of the Internet, image
information is being used in various applicable fields
as a highly effective medium in information transfer.
However it is difficult to transfer large image data
without a loss in real time, on low broadband
networks, such as a mobile environment. Therefore
rather than transferring and recovering all the
image data, there have been studies on methods
that process selected specific regions or a users
region of interest first. This study will mainly focus
on the ROI coding method of JPEG2000. The ROI
coding method not only enables viewing high-quality
ROI at a low bit-rate, but also provides an excellent
trade-off between quality and compression [1-3).
This coding method is divided into a static coding
method, in which ROI definition and coding are
carried out during the compression process of
turning the original image into a JPEG2000 image,
and a dynamic method in which ROI definition and
coding are performed during the recovery process of
a JPEG2000 image that was not ROI-coded. In most
applied areas, the static coding method is fully
applicable, but the dynamic method should be used
when the ROI is
environment during the image recovery process (3].
There also needs to be fast processing in order to
provide a steady dynamic ROI coding service.

On the other hand, a low DOF (Depth-of-Field)
image introduced in (4] is composed of a focused
area (ROI) and a blurry area (background): the
background can be expressed in a 2-dimensional
Gaussian function. This image has strengths in
bringing out a selected area and in tak and p only a
small space, and th only a n tak and p onimage space,
such as portraits, including wn ding or product photos.

This study explains the dynamic ROI coding method

unknown in an interactive

2RIAA(Region-Of-Interest), Dynamic ROl coding, low DOF image, Automatic

for a low DOF JPEG2000 image. In order to encode
ROI, an ROI extraction process must be applied. The
extraction automatically processes the image by using
user-specified ROI shape data or certain data of the
image. The user-specified ROI method takes too much
time and cost, so various methods to automatically
extract ROI without a users help are being studied in
(4-7]). However, the existing automatic ROI extraction
methods use filtering processes such as the Roberts
filter, Prewitt filter, and Laplacian filter, along with
post-processing jobs which enable them to extract an
exact ROI, but a fast extraction is difficult due to the

amount of calculations requ ired. Therefore in this

study, a dynamic ROI coding method is proposed
where only partial edge mask data is scanned rather
than additional filtering or processing, in order to

quickly extract ROl automatically.

Il. Related Works

1. Automatic ROl Extraction Method

Automatic extraction of ROl in images is a very
difficult process, for not only do the ROI in images
differ from person to person, there are situations where
the image is composed of various colors, shapes and
textures, and some contain various objects or images
that cannot be specially displayed. In order to extract
the ROI generally, an image partition process must be
Image partition methods include the
critical value-based method,

undertaken.
region-based method,
edge-based method, and a mix of various algorithmd
The region-based method (8-9) applies the image
characteristic of the statistical values of colors and
textures in the same region being similar: the
critical value-based method (10-11) classifies the
regions based on the value of some constant image
feature; the edge-based method [12-13) uses the
hypothesis that the edges between objects haves
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extreme changes in the definitions. After the image
partition process, the ROI extraction process is
undertaken. During this process, there are the
Kim(4), Chen, O.T.-C.(5], and Fei Wang(6) methods
in which feature extraction and post-morphologic
operations automatically decide the ROI, and the
Kong H-S(1) and H.

Yang(14) methods where the user directly designates

and Rene Rosenbaum(3],

and extracts the ROI from the partitioned image.
The automatic ROI extraction method requires a
large amount of calculation due to repeated filtering
and post-processing, which makes it difficult to do
quick processing. The manual ROI extraction method
added a human element in order to compensate for
the differing definitions of ROI depending on each
person due to different cognitive elements, but it

requires a lot of time and cost.

2. Dynamic ROl Coding Methods
The definition of ROI is usually done during the

encoding process, but if the ROI is unknown at that
point, the ROI coding is carried out by receiving ROL
shape information in a mutual exchange during the
decoding process. This defining of ROI during the
decoding process for ROI coding is called dynamic
ROI coding (1-3). A general dynamic ROI coding
process is as follows:

D Use the original image to automatically or
semi—automatically extract the ROI by user.

@ With the extracted ROI data, the preferred
processing is carried out in the order of ROI
importance.

@ The compressed ROI image is reconstructed.

Reconstru-
cted ROT
image

Non-ROI
JPEG2000 ROIL
image

Preferred

Extraction processing

2 1. S5 2y 3T pd
Fig 1. Dynamic ROI coding process
The last stages of this method are totally different
depending on how the ROI is defined. It requires many
calculations, and could also create a non-compatible

data stream. A typical dynamic ROI coding method

includes the standard implicit method (15) and the
modified implicit method (14) which complements the
standard method, flexible and dynamic ROI method
(3), prioritized ROI method (16]), and fast ROI
transcoding method (1). These existing methods
declare the ROI through the user looking at the
rough image during the image recovery process, and

thus are unable to provide real-time service.

lll. Proposed Method

The processing stages of the proposed method are
based on the edge mask data to eliminate noise and
ROI

information to do preferred processing and ultimately

extract an automatic ROI, then uses the

reconstruct the ROI image. For efficient processing, if
the size of ROI takes up more than 90% of the overall

the is reconstructed without ROI

image, image

coding: this is due to the overhead on ROI coding.

ROIG0% T

Reconstru-
cted ROI
image

Non-ROI
JPEG2000
image

Preferred
processing
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& ROI extraction
detection
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Fig 2. The proposed method process

1. Mask Information Detection

Discrete Wavelet Transform (DWT) has been a very
popular and commonly used tool for image analysis
and has become part of the JPEG2000 standard.
JPEG2000 uses a Cohen-Daubechies-Feauveau (CDF)
9/7 wavelet as a default wavelet for lossy compression.

A DWT is, in practice, created by passing the image
through a series of filter bank stages. An image is first
filtered in the horizontal direction. The high-pass
filter and the low-pass filter are finite impulse
response filters. The filtered outputs are then down
sampled by a factor of 2 in the horizontal direction.
This simply means that every second row of the
resulting image is kept. Each of these signals (sub
images) are then filtered by an identical filter pair in

the vertical direction and down sampled by a factor of 2
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again. The transform results in four new sub-bands at
each level of decomposition; namely, an approximation
sub-band at low resolution, II, and three directionally
sensitive detail sub-bands:Hlvertical features (horizontally
high pass), LHHhorizontal image features(vertically high
pass), and HH - diagonal features (horizontally and vertically
high pass). Two-level decomposition, seen in Figure 3, is
processed to the second decomposition, only using the
LL sub- as input.

In JPEG2000 compression capacity, it is known that
the best capacity is shown when the decomposition
level is 4, but the number of levels used in this study
for edge extraction can be decided upon depending on
the size of the image and the code block.

TER (TS

HL,
LH, HH,

LH; HH;

T8 3. 2 2l Zsle] offx|
Fig 3. Example of two-level decomposition

Using the HL, LH, LL sub-bands of a specific
level, the edge mask data of vertical, horizontal, and
diagonal directions is extracted. The following is the
functional equation ( EMj; (u,v)) for edge mask
extraction of the HL sub-band.
1, if WG, (u, v) = Edge Threshold

EMy, (o, 0) = { 0, otherwise

Here, WCy; (u,v) means the wavelet coefficient in
the HL. sub-band; Edge Threshold means the critical
value of the edge. The functional equation for edge

threshold is as follows.

FEdge Threshold= MinWCy; (u, v) +

(Maz WGy (u, v) — Min WGy, (u, v)) < 0.488 using

Maxz WCy; (u, v) means the largest wavelet value in
the HL sub-band, and MinWCy;(u,v) means the
smallest wavelet value in the HL sub-band, while,
0.488 is the edge weight value: the edge was best
displayed when the value was 0.488. The edge
threshold is shown differently depending on the
sub-band. The edge information from the three
directions are put together to form the final edge
mask information. The following is the functional

equation for final edge mask information.

EM(u, v) = EMy; (u, v) or EM; ;(u, v) or EMy, (u, v)

a) original image by HL

ﬁ@.é'?kﬁ?

dr HH

el HL+ LH+ HH

T2 4. 2 2 ME SH=of| ofsh AME 2E ofx| opAT
Fig 4. Final edge mask made by two-level sub-bands
Figure 4 displays the final edge mask results
level 2. a) represents the edge mask
information of HL sub-band which is the vertical

direction edge, b) represents the LH sub-band in the
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horizontal direction edge, c¢) represents the HH
sub-band in the diagonal direction edge, and d)
represents the final edge mask information which

combines a), b), and ¢).

2. ROI Extraction

Generally, dynamic ROI coding is processed in
code block units for faster processing. The code block
size is chosen from 16x16, 32x32, or 64x64. The
proposedchothod uses noise reduction and the edge
code block dotection process in a code block unit for
fast ROI extraction. The following is the proposed
process for automatic ROI extraction of this study.

(1) The final edge information is scanned to 4
directions (north, south, east, west) in code block
units, and the code block detection processing is
done depending on the amount of edge information.
If the edge information in the code block unit is
smaller than the code block critical value, it is
distinguished as background code block for the noise
reduction process. Next is the functional equation
( EMCB(z,y)) which finds out whether the edge of
the (z,y) code block unit is distinguished. If the
value is 1, it means the edge code block, and 0
means the code block that is not edge (background
code block).

w vEDB;

EMCB(J:,Z/):{
1, otherwise (4)

B is the j-th code block, EM(u,v) is the edge
mask information in the code block, Edge code block
threshold is the critical value which decides edge
code block distinction, set at 10%. The bigger this
number, the less the chance of edge code block
distinction, and the smaller the number, the greater
the chance. If the value was extreme with 0%, all
will be distinguished as edge code block, and the
whole image will be ROI-extracted.

(2) If the edge code block is found, the scan
moves on to the first code block of the next line.

(3) After the four-way scanning is complete, the

distinguished mask information is categorized into

background, edge, and unscanned code block. Here,

0, if Z EM(u,v) < Edge Codeblock Threshold

the edge and the unscanned code block are
distinguished by ROI.
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Fig 5. Automatic ROl extraction according to code block size

Figure 5 shows the results of automatic ROI
extraction from a 512 x512 size image in code block
units of 64x64 and 32x32. B is the background, and
W, S, E, N each stand for the directions of the
distinguished edge code blocks. This algorithm is
able to extract without additional calculations in the

case of multi-ROIs.

3. The preferred processing of the ROI

The preferred processing of the proposed coding
method is the same as the Implicit ROI coding(15)
expected for the ROI extraction method. In EBCOT,
each quality layer comprises an arbitrary contribution
from the embedded bit stream of each code block
(packet or precinct) of each sub-band. Therefore, the
preferred processing of the ROI is possible by applying
blocks
involved in the ROI reconstruction to quality layers.
Since EBCOT allocates the code block contributions in
terms of the overall distortion minimization, the ROI
block
accordance with distortion reduction and the ROI. As

relatively larger contributions from code

encoding allocates code contributions in

a result, the distortion measure becomes

Weor W, D5 (a"(u,v)=alu, v)* | ROI code block

u,vE B;

J w, Z (a" (u, v)—alu, v))?

u,vE B;

s others
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In Equation 5, W, is the weight of the ROI, DZ?

is the weighted MSE loss in n;, W, is the weight of
sub-band including B;, B; is the j-th code block,

a(u,v) is the coefficients in the code block, a"(u,v)
is the quantized coefficients by n;, and n; is the
truncation point. The decoding of the proposed
coding method is the same as the Implicit ROI
coding or the JPEG2000 part 1 baseline decoder.
Note that any JPEG2000 part 1 compliant decoder
can correctly decode the bit stream compressed by

the proposed method.

IV. Experiments and Evaluations

In our experiments we tested a variety of methods
including: the EBCOT method where any ROI are not
coded, the Maxshift method,
method. The first two methods were evaluated by
using Kakadu software V3.0.7 (17]), and the proposed
method was evaluated by modifying the Kakadu

and the proposed

software. For fair experimental conditions, we set
Wyor to 4096. In the proposed method, the edge
weight is 0.488, and the edge code block threshold is
10%. The experimental images are shown in Figure 6
a) as gray JPEG2000 images (Sbpp).

a) Original image b) Edge mask information ¢) 64x64
d) 32x32
J% 6. AtS BHEY =& Znt
Fig 6. Automatic ROl extraction results

Figure 6 shows the edge mask information and
ROI extraction results according to code block size.
Results from 32x32 unit ROI extraction show a more
precise result than 64x64. The last images show
that the multi-ROI is also well extracted.

b) EBCOT c) Maxshift

d)Proposed
O3l 7. ciyst 3 e ARZSH AiTAE ofolx|
Fig 7. Reconstructed images using different coding methods

a) Original image

Figure 7 shows reconstructed images using different
coding methods in 0.25bpp. The original images are
shown in a). Images b) show us blurred versions of
the original images, indicating that no ROI coding
was executed. In images ¢), we can only see the ROI
part in high quality since the Maxshift method codes
the backgrounds after processing all of the ROIL. In
d), we can see the ROI in high quality, whereas the

; background shows poor quality. Finally, images d)
look superior to images a) and b) in subjective
S evaluation of the whole image at low bit rates.



S A AR JPEG2000 oM A& ¢ 2E &

1.04
1.03
1.02
1.01

m Code-Block 1616
B Code-Block 32732
uCode-Block 6464

099 |
098 |-
097 IS S LS S
096

Relative ROI PSNR

0015625 0.0625 0125 025
Bitrate (bits per pixel)

a) Maxshift

0001953  0.007813

1.05
104 |-
103 |
102
1.01

».Codehlock 16716
m Codeblock 327
B Godeblock 64764

099 -
098 |-
097 (-
096

Relative ROI PSNR

0.0625 0125 025 05 1
Bitrate (bits per pixel)

0001953  0.007813  0.015625

b) Proposed

T2l 8. 64x64 ROl PSNR 7|E2z ciekst 37(2] ROl PSNR Xlo|
Fig 8. Difference of ROl PSNR of different sizes(32x32,
16x16) on the basis of 64x64

Figure 8 a) illustrates the effect of code block size
on the ROI performance for the Maxshift method and
the proposed method. The ROI performance using a
code block size of 64x64
especially at low bit rates, to the performances of

is generally superior,

those using reduced code block sizes. At higher bit
rates (i.e. 0.5 and 1 bpp), smaller code block size
begins to perform better, since its better spatial
localization of the ROI compensates for the overhead
in coding an increased number of code blocks.
However, at these higher bit rates, the ROI becomes
visually (or near visually) lossless regardless of the
code block size.

Figure 8 b) which is Implicit coding applying for the
proposed ROI extraction algorithm can be seen that an
increased ROI performance can be achieved with a
reduced code block size. The use of smaller code block
size allows for increased spatial refinement. The final
code stream bit rates, however, are detrimentally
affected due to the overhead from an increased number
of code blocks that needs to be represented in the code
stream. It can be shown that Proposed using 32 x32
code blocks generate code streams with larger final
bit rates than that obtained by the max-shift using
64x64 code blocks. Smaller code block sizes should be

used when the ROI is of primary visual importance

at lower bit rates.

(18] repeatedly compares the edge information by
the unit of neighbor pixel, deletes the noise,
classifies the ROI and codes them. So it is possible
to handle the precise ROI, real time execution can
not be possible caused by the increasing time
complexity. On the contrary, the proposed method is
possible to process fastly, since it identifies and
codes independently ROI code blocks by the edge
threshold using the edge information by the unit of

code block.

V. Conclusion

In this study, the DWT characteristics of JPEG2000
were used to propose a revised dynamic ROI coding
method based on automatic ROI extraction. The
proposed method uses edge critical value and edge code
block critical value for noise reduction and the edge
distinction process: and for a faster ROI extraction,
a four-way scan was done to search the edge code
block that is first contacted for processing. Various
experiments showed that the proposed method
functioned the best under a low bit-rate with code
block size 32 x32. The proposed method is available
for the interactive environments. Later studies will
extend the applicability of the proposed algorithm to
MJPEG2000.
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