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1. INTRODUCTION

Content-oriented coding is the one that takes the
characteristics of the image content into account.
Natural and synthetic images have different char-
acteristics. However, JPEG/ MPEG employs DCT
regardless of the image content. Thus, their coding
schemes are not optimized for synthetic images;
such as animation images and computer graphics.
As a promising application of the content-oriented
coding, we have been studying animation image
coding that is mainly based on line and region ex-
traction.

Currently, a fixed coding algorithm has been
used for all kind of images in the broadcasting ap-
plication. An approach to switch coding algorithm
for image contents has a chance to provide better
coding efficiency as a whole than the conventional
one. Thus, it is important to establish a certain
mechanism distributing different decoders depend-
ing on the contents for real time applications.

In this paper, we propose a scheme to improve
coding efficiency of animation images and mecha-
nism to download necessary decoders in real time.
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2. ANIMATION IMAGE CODING

2.1. Coding scheme

Animation images have many impulsive changes
in the luminance signal around line drawings. At
the same time, many homogeneous color regions
also exist. When signals of an animation image
are transformed to frequency domain using DCT,

the energy of DCT coefficients disperses from low
to high frequency. In order to achieve high com-
pression ratio, many coefficients are regarded as
zero by quantization. Thus, undesired noises often
appear arround line drawings by DCT-based image
coding.

Therefore, we have been proposing a coding
scheme specifically designed for animation images.
In the animation image coding method [1], line
drawings and homogeneous color regions are ex-
tracted from an image. Then, all lines and con-
tours of homogeneous color regions are approxi-
mated by some significant points. An advantage
of this coding scheme is to achieve high compres-
sion ratio by allowing some distortion of lines and
edges. Computational complexity required for de-
coding process can be decreased since few points
are enough to represent lines. Furthermore, size of
decoded images can be changed in any resolution
by the same number of significant points.

However, the convensional method cannot en-
code animation images having complicate back-
ground regions efficiently. In addition, high ap-
proximation accuracy to the contours is required
to reduce the encoding error. Thus, more robust
coding scheme to overcome these problems is pro-
posed in the following.

2.2. Vector-DCT Hybrid Coding

In the animation image coding [1], the rest of line
drawings and homogeneous color regions was coded
by DCT since background regions are close to nat-
ural images. A homogeneous color region is de-
tected by Region-growing algorithm [2]. However,
it fails in some cases because of the mixture of the
homogeneous regions and the background. Thus,
it is necessary to improve such extraction process.



We propose a smoothing operator and region-
growing algorithm jointly for this purpose. A flowchart
of the proposed animation image coding is shown
in Fig.1. Animation images are coded in two lay-
ers; Base layer and additional layer. Base layer
is constructed from the significant points extracted
from line image and region image. Connected fil-
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Figure 1: Flowchart of animation image coding

ter [3], which is used in this method, is one of
smoothing filters for simplification of images. Since
this filter does not remove high frequency compo-
nents unlike linear low-pass filters, the sharpness
of edges in the filtered image is kept. Then, region-
growing algorithm can extract homogeneous color
regions from whole part of the image.

At this stage, the animation image is repre-
sented by only lines and homogeneous color re-
gions, and the lines and the contours of the regions
are approximated by significant points.

A compensation method for the result of smooth-
ing and approximation operation is needed as the
additional layer to acquire a high quality coded im-
age.

First, the difference between each approximated
homogeneous color region and an original image is
calculated. It is divided into8×8 pixels blocks and
coded by DCT. Some DCT blocks include edges
when they locate on the contours of homogeneous
color regions. For avoiding mosquito noise caused
by DCT coding, dummy data is padded to the pix-
els. The sum of the difference value in the each
blocks is calculated by Eq.(1)

D(i, j) = Po(i, j)− Ph(i, j) (1)

where,Po(i, j) andPh(i, j) is the value of the orig-
inal image and extracted homoegneous color re-
gion. In Eq.(2),Ds is the sum ofD(i, j) of the

block.

Ds =
7∑

i=0

7∑

j=0

D(i, j) (2)

At the block on the background regions,D is
bigger than the one on the homogeneous color re-
gions because of the smoothing operation. There-
fore, it is suitable to prioritize the block in order of
D value in encoding.

Fig.2 shows the effect of the additional layer.
In the conventional method, the regions that can-
not be extracted as homogeneous color regions or
line drawings were encoded by DCT. The homo-
geneous color regions detected in failure caused
much error. On the contrary, the proposed method
enables to control the number of coding DCT blocks.
The result of Fig.2 shows that the necessity of the
additional layer when animation images include
complicated background regions.
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Figure 2: The effect of additional layer

2.3. Dynamic Programming with feedback al-
gorithm

According to region-based image coding [3][4], all
parts of an image should be regarded as the set
of homogeneous color regions. This approach is
more suitable for animation image coding. In ani-
mation images, homogeneous color region is usu-
ally larger than that of natural images. Therefore,
its contours are efficiently vectorized by extracting
the significant points.

Dynamic Programming (DP) algorithm is ef-
fective for fitting various shapes to contours of the
regions [5]. Ramer algorithm [6] has been used
in the conventional approach. It was developed
for straight-line approximation. Thus, significant



points determined by the Ramer algorithm are not
always proper for spline curve function.

Dynamic Programming can examine all points
on the curve since they may be chosen as signif-
icant points. It can provide the set of significant
points that minimize the total error between origi-
nal and approximated line. Although this method
requires high computational complexity, the opti-
mized approximation can be obtained.
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Figure 3: estimation of the approximation error

There are two ways of estimating the total error
in the conventional study; region and length error
algorithm. They are shown in Fig.3. The former
estimates an error area between an original line and
an approximation line, and the latter calculates a
sum of a length from points on an original line to
the nearest points on an approximation line. The
latter can add weight by

E =
1
l

∑

i=1

wi|Pi −Qi|2 (3)

where,E is an approximation error,l is the
number of contour points, andwi is the functional
weight about pointi on an original line.Pi are the
coordinates of pointi, andQj are the coordinates
of point j, which is the nearest from pointi. The
set of significant points is calculated by the follow-
ing steps.

1. choose several points as significant ones at
high curvature points on original line.

2. divide an original line into some segments
between significant points. The value ofE

is estimated by normalization of the length.
Threfore, if the segment length is too longer,
DP algorithm can not acquire a precise ap-
proximation result.

3. check the value ofE for each segment. If
larger theTe of the error, try other set of sig-
nificant points on the segment.

4. determine the points which minimizeE of
each segments as the significant points.

Since DP algorithm requires the errorTe to de-
termine the best set of significant points, we should
set suitableTe for each contours. IfTe is too small,
many determined significant points concentrate at
high curvature points on an original line. On the
other hand, the largeTe increases the approxima-
tion error. Therefore, we propose feedback algo-
rithm to eliminate the useless significant points.
First, sufficiently smallTe is set, and DP acquires
enough significant points. Next, DP is applied to
eliminate significant points that do not reduce ap-
proximation error. Fig.4 shows the result of DP al-
gorithm with and without feedback algorithm. Fig.4(a)
illustrates the relation between the number of sig-
nificant points and approximation error. DP with
feedback algorithm enables more precise approxi-
mation in spite of the small number of significant
points than the conventional method (Fig.4(b)).

3. DECODER DOWNLOADABLE SYSTEM

3.1. Requirements

Decoder downloadable system is a system archi-
tecture to distribute various decoders. It is neces-
sary not only to develop image coding algorithms
but also to prevail decoders implementing them.

Multimedia systems on the Internet, such as
Microsoft Media Player, RealPlayer and so on, pro-
vide functions to play back new types of media by
installing appropriate decoder software, which is
called “Plug-in,” via network when required. How-
ever, Plug-in has problems as follows:

1. Time delay

The time delay happens when a new content
starts and a client does not have the suitable
decoder. This interrupts seamless playback
of contents and becomes a serious problem
especially in case of TV broadcasting.



without feedback algorithm with feedback algorithm

Th = 1
significant points = 52
error value = 5.57

Th = 0.5
significant points = 89
error value = 3.53

significant points = 52
error value = 3.87

significant points = 37
error value = 5.56

(a) approximation of a contour by DP algorithm

3

4

5

6

7

8

9

30 40 50 60 70 80 90

The number of significant points [points]

E
rr

or
 v

al
ue



Feedback algorithm

Conventional method

(b) approximation error

Figure 4: the result of DP with feedback algorithm

2. Installation problem

Plug-in requires viewers of contents a little
knowledge about image coding. TV broad-
casting has been universal service, and Inter-
net streaming will be the same situation, too.
The system in the universal service should
not expect clients having service installation
knowledge. This point is very important for
applying Content-oriented coding scheme, be-
cause it will require more knowledge about
image coding.

3. Closed specification

The specification of Plug-in and the way to
transfer Plug-in are closed in each multime-
dia software vendor. There is no compatibil-
ity among the software vendors. Developers
of multimedia system are urged to create the

architecture to download the decoders.

In case, we will apply Conent-oriented coding
to not only Interenet streaming but also TV broad-
casting, there is no integrated system to distribute
them for both TV broadcasting and Interenet stream-
ing. We implement Decoder downloadable system
to achieve such a system and to provide developers
of multimedia system the functions to download
the decoders.

3.2. Proposed system architecture

In this section, we propose the system architecture
which enables to download decoder dynamically
and to play back without delay before a new con-
tent starts.

The proposed client’s system architecture is shown
in Fig.5.

On a server side, there are Content server, De-
coder server and Information server. Content server
stores actual bitstreams of the contents. Decoder
server stores the binary codes of the decoders. In-
formation server stores the information shown in
Fig.6. Clients can seek where the suitable decoders
for each content is stored. It is done by exchanging
this information between clients and Information
server, and clients can download decoders dynam-
ically. We implement the client system by using
Java. This is because the proposed system should
work in the various environments.

We develop the part of media processing with
JMF (Java Media Framework) [7] as the first step.
A question is often raised about the processing per-
formance of Java. Therefore, we designed the sys-
tem in the such a way that the module for me-
dia processing depending on JMF can be detached
from other parts entirely.

In this implementation, CORBA (Common Ob-
ject Request Broker) [8] is used to define its inter-
face between server and client being independent
from the hardware specification, because of the in-
dependency of CORBA GIOP (General Inter-ORB
Protocol) from any transport protocol.

The procedure in the system is executed in or-
der the following:

(1) The scheduler in the client system starts to
parse the information shown in Fig.6. The
system confirms whether the decoder exists
in the client’s side or not.
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Figure 5: Decoder downloadable system architec-
ture
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(2) Sending the information about the content
that the client does not have a suitable de-
coder to Information server.

(3) Information server starts to seek where the
suitable decoder is stored using the informa-
tion sent in (2). It returns this seeking infor-
mation to the client.

(4) Decoder information has the IP address of
Decoder server, the filename of the decoder
and so forth. The scheduler of the client de-
cides when to start downloading the decoder
from Decoder server by that information.

The role of each part in the system is as fol-
lows:

• Core engine
This part provides the implementation of me-
dia play, the support of trick mode and so
forth. The decoders are actually installed in
this part.

• Decoder component management engine
This part manages the decoders in the client’s
system, queries about what decoder is needed,
download the decoders, deletes the decoders
in the stock.

• Schedule management engine
This part controls when to start media play,
downloading the decoders, deleting the de-
coders. It indicates to each part that provides
actual above functions.

• User interface
This part is the interface for user input.

• File I/O

This part selects each protocol in accordance
with the purposes. 1) CORBA : sending and
receiving Content Information, 2) HTTP or
FTP : downloading the binary data of the de-
coders, 3) RTP (Real-time Transport Proto-
col) or TS (Mpeg-2 Transport Stream) : re-
ceiving media data

Each interface in the system is described as fol-
lows:

interface 1: Receiving the information about
the decoders, sending the information of contents.

interface 2: Receiving the information about
the contents.

interface 3: Notification of decoder informa-
tion, download binary data of decoders.

interface 4: Download media data of contents.

interface 5: Download EPG (Electronic Pro-
gram Guide) data that is used by the client’s sched-
uler.

interface 6: Confirmation for existence of de-
coders, provision of decoder modules to Core En-
gine.

interface 7: Media play, indication when de-
coder’s memory load starts, providing the informa-
tion about what state the memory load is.

interface 8: Indication whether decoder is added
or deleted to the system by the users.



interface 9: Providing the information about
the contents, indication when downloading the de-
coder and deleting the decoder in the client system
start, confirmation for existence of decoders.

interface 10: Acceptance of the input infor-
mation by the users.

interface 11: Indicating the information of con-
tents that can be played back, the choice of the con-
tents by the users.

The ability of scheduling for downloading de-
coders in this system is evaluated in case of Pull
Service [9]. The result shows the optimum number
of downloading decoders that achieves the mini-
mum time delay is given by the probability that the
user switch the content, such as channel hopping.
However, this probability may obey a specific dis-
tribution. We take an approach to leave place for
implementing the function that this distribution is
given by storing the history of changing the con-
tents to the scheduler. Furthermore we will imple-
ment the remaining part of this system for Push
Service, and evaluate it.

4. CONCLUSION

We proposed the animation image coding and the
Decoder downloadable system which puts this cod-
ing scheme to practical use.

Animation image coding adopts two-layer cod-
ing scheme. On the base layer, an animation image
can be encoded at low bit rate since line drawings
and contours of each homogeneous color region
is expressed by few significant points approximat-
ing the contour line. DP with feedback algorithm
enables precise approximation for the contours by
the controllable number of significant points. The
lost data caused by smoothing operation is com-
pensated by any number of DCT blocks on ad-
ditional layer. This enables smaller coding error
than the conventional method. Our proposed cod-
ing scheme is only designed for still images. Thus,
this scheme can be used for the Intra frame coding
of video coding.

Decoder downloadable system is composed of
Content, Decoder and Information server. This sys-
tem enables dynamic decoder downloading from
Decoder server by negotiation between clients and
Information server. Therefore, clients can decode
the contents without the knowledge about image

coding scheme and can play back media contents
seamlessly. This system, developed by Java and
CORBA, is superior for the reason of portability.
It will be applied to TV broadcasting as well as
Internet streaming.
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