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Abstract

A new multiple description selective coding is proposed to overcome noisy channels. Our algorithm adopts an embedded
coding scheme, in which subband coefficients are encoded one bit plane at a time using a non-adaptive arithmetic encoder.
According to the importance ratio for each region, we code interest regions with more passes than background in order to
reconstruct interest regions with higher quality. To overcome channel errors, we adopt multiple description scheme which
adds controlled amounts of redundancy to the original data during the compression process. Proposed algorithm achieves

better quality compared with other algorithms especially in the circumstances where very low bit rate coding is required
and some regions are more important than other regions.
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I. Introduction

Most of networks used today are based on an
exchange of packets of data. When congestion occurs
because of data moving from a higher to lower
capacity link, the network is often forced to drop some
of the packets. When there is no feedback channel
that could lead to retransmission of lost packets, the
decoder must recover meaningful information from the
received packets alone. Recently, the generalized
multiple description coding(MDC) frame work has
received considerable attention and many new
algorithms have been proposed. It can efficiently
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combat packet loss without any retransmission, thus
not only guarantee the demand of real-time services,
but also relieve the network congestion. Embedded
coding schemes based on MDC™ are the examples.
Although they achieve graceful degradation of image
quality in the presence of increasing description loss,
it improves the overall quality without taking into
account the content of image. In some situations, some
interest regions(for example, Tank or airplane in a
tactical scene or chairperson in video conferénce
system) often attracts more interests than background
does. But the algorithms[l’g] do not consider

the importance of interest regions. So a new
multiple description selective coding is proposed which
differentiates bit rate between interest regions and

other regions according to an importance ratio which
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defines the amount of importance. Suggested method
allocates higher passes to the interest region compared
with background, thus improving the image quality
especially for the interest region. Suggested method
extends embedded scheme to the generalized MDC
framework.

Our method uses an embedded coding because it
allows for convenient determination of the importance
of each data byte. By progressively ordering the data,
the embedded coding scheme sends the globally most
relevant information first. It produces an embedded bit
stream such that its later bits refine earlier. Therefore,
the data coded earlier are more important to the image
quality the later data. But embedded coding scheme 1s
very susceptible to packet loss regardless of high
performance and low complexity. So our method adds
multiple description coding concept In order to
overcome packet loss mn noisy channels. Also this
scheme can recover Interest regions better image
quality because it considers the importance of interest

regions.

II. Embedded coding scheme based on
multiple description coding

Embedded coding scheme i1s proposed by some
13l The method can stop at any required
which

embedded coding, so it is suwtable for progressive

researchers
rate or 1mage quality, 1s the feature of
1mage transmission.

The essential idea of multiple description i1s to
generate multiple independent descriptions of the
source such that each description independently
describes source with a certain fidelity. When more
they can be

combined to enhance quality. Each description has the

than one description 1s available,
same error sensitivity and the same importance. One
of the examples[l] 1S an embedded scheme which
combines multiple coding with the Set Partitioning in
Hierarchical Trees(SPIHT) algorithm. It codes SPIHT

bit stream and each

into multiple description,
description has a vanable number of fully coded

original trees and several sets of partially coded
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redundant trees corresponding to different spatial
locations in the image. Each spatially coded redundant
tree is the copy of wavelet coefficient tree of different
coding pass. Because coding to a lower pass
corresponds to sending only the most significant data,
the more important parts of each tree are sent in more
descriptions than less important parts. But algorithmm
does not define interest regions specifically, it can not
recover these regions with required quality well.

In order to solve this problem, an embedded coding
scheme with MDC considering the importance of
regionsm is proposed. This scheme that i1s based on
multiple description coding with SPIHT algorithm first
makes zero trees for an image frame. Next it assigns
redundant tree coding rates to all trees according to
their relative importance. The more important the tree
is, the higher the coding rate of redundant tree assign
to it. In order not to increase the bandwidth, the
overall source coding and redundancy should be
constant. The main idea of the strategy is allocating
most redundancy to an interest region(ROI) in order
to make strong protection to this region, while
allocating lower coding rates to other non-ROI trees
according to their relative importance. But embedded
coding scheme usually defines quantization step size
according to the maximum value of pixels in a special
Wavelet level, it 1s not easy to control many zero tree
regions. That is, even in case of non-ROI zero tree
regions, some parts are very complex and they need

more bits than other parts.
M. Suggested scheme

Suggested scheme aims at very low bit ratecoding
equal to or less than 0.3 bpp(bit per pixel). In case of
some situations such as tactical scenes, channel
capacity is very limited and it requires very low bit
rate coding scheme. Also in such circumstances, some
objects are considered more important than other
parts(background). For example, tank or airplane is
more important than sky, forest or fields in a tactical
scene and a chairperson is more important than a

table or a door in a video conferencing system. We
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also assume that target is relatively small compared
with background. There exist many algorithms for
object segmentation. Most of current systems only use
global features such as overall color histogram and
Another algorithm that uses
relevance feedback was proposed[5] to incrementally
supply more information, but they may still fail due to
the lack of higher-level information about what
exactly was of interest.

Often better capture of image object is achieved by
the user rather than the computer. So {6] proposed a
method which combined user defined Region-

of-interest and spatial layout for content-base image

texture moments.

retrieval, which achieves more accurate relevance
feedback and leads to a more powerful search engine.
Our scheme is also a semi-automatic method” which
combines 1mage characteristics, and user-defined
interest regions. Specifically it first separate interest
regions using image threshold and region merging,
and finally a user confirms and defines interest
regions.

In order to represent ROI boundary in an image
frame, we can think about pixel-based approaches or
quadtree segmentation scheme". But such methods
need too many bits to represent the boundary of a
object, and also computational burden is to high to
implement our progressive coding We
represented object region with rectangle like in fig. 1
for minimizing redundancy for object indication(four
byte for one object). We also separated interest
regions from a given frame based on macroblock
resolution for implementing hierarchical coding{e.g.,
-Wavelet coding) easily.

scheme.

In order to model packet loss in the network, we

% 1. Splash HAtnl 2HAI
Fig. 1. Splash image and interest region.
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use two-state Markov model®. So we adopted
multiple description coding for compensating packet
loss during data transmission. In order to differentiate
the image quality between background and interest
regions, We coded ROI and background with Wavelet
coding scheme.

Suggested scheme basically follows Progressive
wavelet image coding called EPWIC (Embedded
Predictive Wavelet Image Coder)®®. EPWIC uses the
two—parameter model of equation to describe each
subband and it is based on a separable QMF
decomposition using 9-tap symmetric filters".

The encoded bit stream begins with a header
containing the dimensions of the image frame(in case
of ROL the start position, width and height) and the
of After

coefficients, we compose bitplanes with them. We

number pyramud levels. quantizing
ordered subband planes according to a greedy
algorithm, which chooses the bitplane with the highest
ratio of encoded variance to encoded size(in bits). The
sign hit for each coefficient is sent just after the fist
"on” bits, as in [10]. For each subband, the parameters

(sp) and (o, n) defined in [3] are estimated and

encoded as &-bit quantities. They are next sent in the
encoded bit stream just before the first bitplane of
their corresponding subbands.

Using the four encoded parameters, the receiver
constructs a numerical table of the joint probability
density for each parent—child pairB]. For each child
bit, we calculate the probability that it is one by
the appropriate
joint distribution. A
non—adaptive arithmetic encoder[m, which takes

numerically integrating  over

rectangular region of the

advantage of the computed probability values, 1s then
used to encode the actual bit values. Finally, the
arithmetic encoding of the bitplane, and the smaller

4
ROl Constant Grey value
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Fig. 2. Grey level value for Background coding in

a redundant packet.
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representation 1S inserted into the encoded bit stream.
We assume maximum level depth of frame 1s 5 and in
case of interest regions, it can be reduced according to
the minimum block size. We first coded the entire
image frame and next interest regions separately.

In case of a redundant packet, the first half of it 1s
used for background and the remainder of it 1s used
for mterest regions. When we coded background, we
changéd interest regions to constant grey value like in
Fig. 2 for further data reduction.

IV. Channel Model

We use the two-state Markov model™ to model
packet loss in the network. This model is able to
capture the dependence between consecutive states.

For packet losses, we assume that the transmitted

packets are represented by an indicator array {.S} f{__ N

where S; = 1 indicates that the ¢, packet has arrived
successfully and O otherwise. The current state S; of

this stochastic process (shown in fig. 3 depends only
on its previous state 5,_ ;. The transition probabilities

between these two states are defined as in Eq. (1) and
state transition matrix is defined as in Eq. (2).
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The maximum-likelihood (ML) estimators of Py,

(2)

and Py, given an indicator array {S) can be

expressed as in Eq. (3).

0 : Loss State

1 : Receive State

ag 3
Fig.

0]Zl Markov 22
3. two-state Markov model.
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where My and " are the number of zeros and ones
in the indicator array, ™o 1s the number of times in

the indicator array when 1 follows 0, ™0 is the

number of times in the indicator array when 0 follows
1, my+my = M, where M is the length of the

indicator array, and P; is the probability that the

current state 1s the loss state.

V. Simulation results

We tested proposed method using Splash grey level |
image(image size is bl2 Xb512). Actually, existing
PSNR
performance because

is not suitable to evaluate the system
it does not consider the
importance of special interest regions. So we define a
new criterion measure N-PSNR which considers
importance ratio M like Eq. (4). N-PSNR can evaluate
the performance better than existing PSNR in the
special
important than other regions.

circumstances where regions are more

(MI + B)x 255>
10log(M Y o} + D 07)

ief ieB

N - PSNR =
(4)

where M is the mmportance ratio, I is the area of
interest region, B is that of background and 02; 1S

mean square error between original pixel and decoded
pixel.

I M is 1, N-PSNR 1s exactly same as the
conventional PSNR because
interest region and background 1s same.

Suggested method(Method-3) is compared to three

importance between

“other methods, embedded coding scheme without no

multiple  description  coding(Method-1), embedded
coding with packet repetition{Method-2), and original
tree + redundant zero trees(Method-4) [4].

Fig. 4 represents simulation result of one frame
4000 bytes(
approximately 65 : 1). In this case, our algorithm uses
2000 bytes to total frame, 2000 bytes to interest

which uses compression ratio 1S
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Fig. 4. Simulation result of 1 frame using 4000 bvtes.
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Fig. 5. Simulation result of 1 frame using 6000 bytes.

region(the region surrounded by rectangular region in
fig. 1) and M is set to 10. In fig. 4, ROI represent
conventional PSNR of interest region, B-PSNR means
conventional PSNR. Without packet loss, the
performance of our method is better than that of other

methods if we adopt N-PSNR. If we lose the first |

packet, Method-2 performs best because Method-2
uses repetition method, which means one packet
exactly represent other packets. If we lose the second
packet, the performance of Method—4 is a little better
than that of other methods. If our scheme do not
consider multiple description scheme, the performance
of our scheme does not always better than that of
other methods.

Fig. 5 represent simulation result of one frarhe
6000 bytes( compression ratio is
approximately 43 : 1). In this case, our algorithm uses
2000 bytes to total frame, 2000 bytes to interest region
and other 2000 bytes to redundant packet(1000 bytes
to interest region and 1000 bytes to background).
Without packet loss, Method-4 represents better result

which uses

(45)
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Fig. 6. Simulation result of multi frame using 4000
bvies.

[
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Fig. 7. Simulation result of multi frame using 6000
bytes.

than other methods if we adopt N-PSNR. If we lose
the first packet, our method is better result than other
methods because our method can use a redundant
packet to recover background. If we lose the second
packet, Method-4 gives a little better result than other
methods. If we lose packet-1 and packet-2, Method-2
and suggested method gives better result than the
other two methods. If we do not have packet loss,
Method-1 is better result than other methods, but the
result is poor when packet loss happens. On the
contrary, Method-2 and Method-4 is not so good
result in case that packet loss does not happen.
Suggeéted algorithm performs relatively well in both
cases where packet losses happens or packet loss does
not happen.

Fig. 6 represents the simulation result of multi
frames which uses 4000 bytes/ frame and consider
channel errors. As we mentioned in chap. 4, we

assume that the channel follows a two-state Markov
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model(FPy = 0.9, Pj; = 0.2). The result tells our

scheme performs well in case first packet is
successfully received. But the first packet is lost,
performance 1s not so satisfactory compared with
other methods.

Fig. 7 represents the simulation result which uses
6000 bytes/frame and Method-2, Method-3 and
Method-4 adds redundant packet(In case of Method-2,
packet-1). The

performance of our scheme 1s better than others even

packet-3 1s exactly same as
1f we lose packet-1 because we can recover the total
frame using redundant packet. Simulation results of
Fig. 7 shows that our scheme represents better results
than other methods through all sequences. But one
exception 1s that the quality of 4th frame is not so
satisfactory because we could not receive packet-3 as
well as packet-1. If we prevent this problem, we have
to add more redundant packets, which sacrifices bit

rate.

VI. Conclusion and further study

we suggested a new multiple description selective
coding scheme which allocates higher passes to the
Interest region compared with background, thus
improving the mmage quality especially for the interest
region. Our algorithm extends embedded scheme to

MZ2E HES H238d

the generalized MDC framework. Suggested multiple |

description coding with embedded coding scheme
could overcome packet loss, and also recover interest
regions better image quality because it considered the
importance of interest regions. Simulation results
show that our scheme has better results especially in
the circumstances where very low bit rate requires
and special parts are more important than other parts.

In future research, we will control the amount of
redundant packets according to the transmission
channel status. Also we will extend this algorithm to

video sequences.
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