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DESCRIPTION

METHOD AND SYSTEM FOR ENCODING AND DECODING IMAGE DATA.

TECHNICAL FIELD

The present invention relates to a data
encoding and/or decoding method and system, and, 1in
particular, to an encoding method and system, and a
decoding method and system appropriate for compressing
and decémpressing computer data and game software

programs.

BACKGROUND ART

The JIJBIG (Joint Bi-level Image Group) system
was proposed as a new bi-level image encoding method
which is appropriate not only for hard copy
communication such as facsimile communication but also
for soft copy communication such as computer image
data communicatilon.

FIG.1l shows a block diagram illustrating a
standard JBIG system. A first block 101 is an
electric circuit which uses a PRES (Progressive
REduction Scheme) as an image resolution reduction

system. A second block 102 is an electric circuit for
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1 performing DP (Deterministic Prediction). The DP is
used to deterministicly predict a value of a pixel
which is being encoded from values of surrounding
pixels which have already been encoded. By using the

5 DP, it is possible to improve an encoding efficiency.
A third block is an electric circuit for setting a
model template. A template is a reference pixel model
fo be used in encoding. FIG.Z shows an example of
such a template. In the example, the template

10 includes 10 pixels 'l' to '10' surrounding a pixel to
be encoded. Using such a template, encoding is
performed using an M;-order Markov model on a minimum
resolution:feduced image. Specifically, M, pixels in
proximity of each to-be-encoded pixel which have been

15 already encoded are used as the reference pixels of

the tamplafe. Possible states (combinations) of the

2Ml

values of the reference pixels are states. For

each cone of these states, a respective predetermined
conditional probability of a symbol is given. Using
20 thus given probabilities of the symbol for to-be-
encoded pixels and actual values (symbols), entropy
encoding is performed. A fourth block 104 is an

entropy encoding circuit and uses the JBIG QM coder.

(The JBIG OM coder is a OM coder used in the JBIG.

25 Usually, an arithmetic encoder is called a QM coder.
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The JBIG is the general name of the bi-level data
encoding standard in the ITU (International
Telecommunication Union). In the JBIG, the QM coder
is used for encoding bi-level data.)

As such a type of encoding system in the
related art, a system in which a template is fixed, an
adaptive template system (see Yasuhiro Yamazaki,
Humitaka Ono, Tadashi Yoshida and Toshiaki Endo,
Progressive Build-up Coding Scheme for Bi-level Images
-JBIG Algorithm-, 1991, Vol.20, No.l, Image Electronic
Society Journal), and a system in which a template is
selected according to a type of data (for example, see
Japanese Lalid-Open Patent Application No.6-261214)
have been proposed. Further, see ITU-T
(Telecommunication Standardization Sector of ITU),
.82 (03/93), Terminal Equipment and Protocols for
Telematic Services, Information Technology - Coded
Representation of Picture and Audio Information -
Progressive Bi-level Image Compression, the teachings
of which are hereby incorporated by reference, for the

JBIG system.

In the system in which a template is fixed,
based on statistics of compression rates in the
system, the template which has the highest compression

rate is determined and is used as the fixed template.
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In this system, a compression circuit can be
simplified. However, in this system, when data which
has charac£eristics significantly deviated from the
average characteristics of the statistics, is encoded,
a compression rate is degraded.

In tﬁe above-mentioned adaptive template
system, during data compression, it is always
determined which template results in the highest
compression rate, and thus a template being used is
dynamically changed. In this system, statistics are
always taken and a template being used is changed
according ‘to the result of the statistics. Therefore,

this systeﬁ is appropriate for a case such as that
where long data is encoded and characteristics of the

data start to vary at a position of the data.
However, if short data is processed, a time required

for adaptively changing a template to be used makes up
a significant portion of a whole compression
processing period, and thus this system may not be an
efficient compression system. Further, because which
template is optimum is always determined, a circuit
structure of the encoding/decoding apparatus will bhe
complex.

In the system in which a template 1is

selected according to a type of data, a respective
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template 1is provided to be used for compressing each one of a
plurality of types of data. For example, when a color image
18 compressed, because each pixel comprises a plurality of
bitsg, indivlidual templates are used for a plurality of bit
planes. However, in this method, because a template for each
Oof The plurality of bit planes is fixed, the system is not
satlsfactory enough for a reason similar to the reason

ment toned above for the above-described system in which a

fixed template is used.

Further, a system, which processes color images, in a
manner in which a number of bits (number of bit planes)
allocated for a single pixel varies, such as the above
described system in which a color image is processed, has been
known. However, an encoding method in the related art can be
applied only to a system in which a number of bit planes is
fixed. Therefore, 1t has not been possible to apply a
template-use encoding method to such a system which processes

color images in a manner in which a number of bitg allocated

for a single pixel variles.

In accordance with the present invention there is
provided an encoding method comprising the steps of: (&)
encoding and thus compressing to-be-compressed data each time
when using a respective one of a plurality of templates; (b)
comparing compregsion rates of encoded data with each other
which encoded data was encoded each time when a respective one
of said plurality of templates was used in said step (a); and
(c) outputting encoded data having the highest compression

rate and template ldentification information of a template
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used when saild encoded data having the highegst compression
rate was obtained in salid step (a).

In accordance with the present invention there 1is further
provided an encoding method comprising the steps of: (&)
dividing to-be-~-compressed data into a plurality of bilt planes
of data; (b) encoding and thus compressing each bit plane of
data each time when using a respective one of a plurality of
templates; (c¢) for each bit plane of data, comparing

compregslon rates o0f encoded data with each other which

encoded data wag encoded each time when é regpective one of
sald plurality of templates was used 1in said step (b); and (d)
for each bit plane of data, outputting encoded data having the
highest compression rate and template identification
information of a template used when sald encoded data having
the highest compregssion rate was optained 1in sald step (D).

In accordance with the present invention there is further
provided an encoding method comprising the steps of: (a)
dividing to-be-compressed data into a plurality of bit lanes
of data, a number of said plurality of bit planes of data
pbeing variable; and (b) using a template including reference
data for each bilit plane of data and encoding and thus
compregsing each blt plane of data.

In accordance with the present invention there is further
provided a decoding method comprising the steps of: (a)
selecting a template of a plurality of templates, which
template 1s to be used when decoding encoded data in a step

(b)), using template identification information; sald template

having been used when encoded data having the highest
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compression rate was obtalilned through encoding; and (b)
decoding salild encoded data using saild template gselected in
sald step (a).

In accordance with the present invention there 1s further
rrovided a decoding method comprising the steps of: (a) for
each bit plane of encoded data, selecting a template of a
prlurality of templates, which template 1is to be used when
decodling encoded data in a step (b), using template
identification information, sald template having been used
when encoded data having the highest compression rate was
obtained through encoding; and (b) for each bit plane of
encoded data, decoding said encoded data using salid template
gelected 1n salid step (a).

In accordance with the present invention there 1is further
provided a decoding method comprising the steps of: (a)
receiving encoded data including template preparation
information, sald received encoded data comprising a plurality
of bit planes of data, a number of sald plurality of bit
rlanes of data being variable when said plurality of bit
planes of data were optained as a result of dividing to-be-
compregsed data; and (b) setting a template appropriate for
decoding encoded data using the template preparation
information and decodling each bit plane of data of said
plurality of bilt planes of data using the template.

In accordance with the present invention there 1s further
provided an encoding system comprising: encoding means for

encodling and thus compressing to-be~compressed data each time

when using a respective one of a plurality of templates;
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comparing means for comparing compression rates of encoded
data with each other which encoded data was encoded each time
when a resgpective one of said plurality of templates was used
by said encoding method; and outputting means for outputting
encoded data having the highest compregsion rate and tTemplate
identification information of a template used when sald
encoded data having the highest compression rate was obtained
by saild encoding means.

In accordance with the present invention there 1sg further
provided an encoding system comprising: dividing means for
dividing to-be-compressed data into a plurality of bit planes
of data; encoding means for encoding and thus compressing each
bit plane of data each time when using a regpective one of a
prlurality of templates; comparing meang, for each bit plane of
data, foricomparing compression rates of encoded data with
each other which encoded data was encoded each time when a
regpective one of sald plurality of templates was used by saild
encoding means; and outputting means, for each bit plane of
data, outputting encoded data having the highest compression
rate and template ldentification information of a template
used when said encoded data having the highest compression
rate was obtained by said encodiling mears.

In accordance with the present invention there ig further
provided an encoding syvstem comprising: dividing means for
dividing to-be-compressed data into a plurality of bit planes
of data, a number of sald plurality of bit planes of data

belng variable; and encodling means for using a template

including reference data for each bit plane of data and
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encoding and thus compressing each bit plane of dats.

In accordance with the present invention there is further
provided a decoding svyvstem comprising: selecting means for
gselecting a template of a plurality of templates, which 1s8 to
e used when decodling encoded data by decoding means, using
template identification information, said template having been
used when encoded data having the highest compregsion rate was
obtained through encoding; and said decoding means for
decoding sald encoded data using said template selected by
sald gelectling means.

In accordance with the present invention there is further
provided a decoding system comprising: selecting means for
each bit plane of encoded data, selecting a template of =&
plurality of templateg, which 1s8 to be used when decoding
encoded data by decoding means, using template identification
information, s8aid template having been used when encoded data
having the highest compression rate was obtained through
ernncoding; and said decoding means, for each bilit plane of
encoded data, decoding said encoding data using said template
gelected by sald selecting means.

In accordance with the present invention there is further
provided a decoding system comprising: receliving means for
receiving encoded data including template preparation
information, said recelved encoded data comprising a pluralilty
of bit planes of data, a number of said plurality of bit
prlanes of data being variable when said plurality of bit

planes of data was obtained as a result of dividing to-be-

compressed data; and decoding means for setting a template
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appropriate for decoding encoded data using the template
preparation information and decoding each bit plane of data of
gald plurality of bit planes of data ugsing the template.

Tn accordance with the present invention there 1is further
provided a computer memory product comprising a computer
usable medium having computer-readable program code means
embodlied therein, said computer-readable program code means
comprising: first computer-readable program code means for
encoding and thus compressing to-be-compressed data each time
when using a respective one of a plurallity of templates;
second computer-readable program code means for comparing
compression rates of encoded data with each other which
encoded data was encoded each time when a respective one of
sald plurality of templates was used by sald first computer-
readable program code means; and third computer-readable
program code means for outputting encoded data having the
highest compression rate and template identification
information of a template used when sald encoded data having
the highest compression rate has been obtailned by sald second
computer-readable program code means.

In accordance with the present invention there 1s further
provided a computer memory product comprising a computer
usable medium having computer-readable program code means
embodied therein, said computer-readable program code means
comprising: first computer-readable program code means for
dividing to-be-compressed data into a plurality of bit planes
of data; second computer-readable program code means for

encoding and thus compresgssing each bit plane of data each time
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when using a regpective one of a plurality of templates; third

computer-readable program code means, for each bit plane of
data, for comparling compression rates of encoded data with

each other which encoded data wag encoded each time when a
regpective one of gald plurality of templates was used by said
gecond computer-readable program code means; and fourth
computer-readable program code means for each bit plane of
data, for outputting encoded data having the highest
compression rate and template identification information of &
template used when salid encoded data having the highesgt
compression rate was obtained by said second computer-readable
program code means.

In accordance with the present invention there is further
provided a computer memory product comprising a computer
usable medium having computer-readable program code means
embodied therelin, said computer-readable program code means
comprising: firgst computer-readable program code means for
dividing to-be-compressed data into a plurality of bit planes
of data, a number of sald plurality of bit planes of data
being variable; and second computer-readable program code
means for encoding and thus compressing each bit plane of
data.

In accordance with the present invention there 1s further
provided a computer memory product comprising a computer
usable medium having computer-readable codes embodied therein,
sald computer-readable codes comprising: encoded data; and
template ldentification information of a template having been

used when sald encoded data having the highest compressgion
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rate was obtalned through encoding.

In accordance with the present invention there is further
provided a computer memory product comprising a computer
usable medium having computer-readable codes embodied therein,
sald computer-readable codes comprising: a plurality of bit
planes of encoded data; and template identification
information, for each bit plane of encoded data, of a template
nhaving been used when said encoded data having the highest
compressgslon rate wag obtained through encoding.

In accordance with the present invention there 1is further
provided a computer memory product comprigsing a computer
usable medium having computer-readable codes embodied therein,
sald computer-~readable codes comprising a plurality of bit
planes of encoded data encoded using a template including
reference data, a number of said plurality of bilit planes of
data being variable when said plurality of bit planes of data

were obtained as a result of diwviding to-be-compressed data.

DISCLOSURE OF THE INVENTION
The present invention has been made as a result of

congldering the above-degcribed
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is to provide an encoding method and system, and a
decoding method and system in which a template
appropriate to particular data is determined in
5 encoding and a high compression rate can be kept
without causing circuit structures of
encoding/decoding apparatus to be complex. Another
object of the present invention is to apply an
encoding method using a template to a system which
10 processes.color images in a manner in which a number
of bits allocated for a single pixel varies.
An encoding method according to the present
invention comprises the steps of:
a) (82) encoding and thus compressing
15 to-be-compressed data each time when using a
respective one of a plurality of templates:;
b) (S4) comparing compression rates of
encoded data with each other which encoded data was
encoded each time when a respective one of the
20 plurality of templates was used in the step aj; and
c) (S6) outputting encoded data having the
highest compression rate and template identification
information of a template used when the encoded data

having the highest compression rate was obtained in

25 the step a).
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Another encoding method according to the
present invention comprises the steps of:

a) dividing to-be-compressed data into a
plurality of bit planes of data;

b) encoding and thus compressing each bit
plane of data each time when using a respective one of
a plurality of templates;

c¢) for each bit plane of data, comparing
compression rates of encoded data with each other
which encoded data was encoded each time when a
respective one of the plurality of templates was used
in the step b); and

d) for each bit plane of data, outputting
encoded data having the highest compression rate and
template identification information of a template used
when the encoded data having the highest compression
rate was obtained in the step b).

Another encoding method according to the
present invention comprises the steps of:

a) dividing to-be-compressed data into a
plurality of bit planes of data, a number of the
plurality of bit planes of data being variable; and

b) encoding and thus compressing each bit
plane of data.

A decoding method according to the present
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invention comprises the steps of:

a) selegtiﬁéﬁa'template of a plurality of
templates, wﬁich template is to be used when decoding
encoded data in a step b), using template
identificaﬁion information, the template having been
used when encoded data having the highest compression
rate was obtained through encoding; and

b} decoding the encoded data using the
template selected in the step a).

Another decoding method according to the
present invention comprises the steps of:

a) for each bit plane of encoded data,
selecting a template of a plurality of templates,
which template is to be used when decoding encoded

data in a step b), using template identification

informatidn, the template having been used when
encoded data having the highest compression rate was
cbtained through encoding; and

b} for each bit plane of encoded data,
decoding the encoded data using the template selected
in the step a).

Another decoding method according to the
present ihvention comprises the steps of:

a) receiving encoded data which comprises a

plurality of bit planes of data, a number of the



. WO 97/01237 g 2 1 9 73 29 PCT/JP96/01661

10

15

20

FAS

plurality of bit planes of data being variable when
the plurality of bit planes of data was obtained as a
result of dividing to-be-compressed data: and

b) decoding each bit plane of data of the
plurality of bit planes of data.

Other objects and further features of the
present invention will become more apparent from the
following detailed description when read in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 shows a block diagram of a JBIG
standard system;

FIG.2 illustrates a template:

FIG.3 shows a block diagram of a first
embodiment of the present invention:

FIG.4 shows a flowchart of an operation
performed by a system shown in FIG.3:

FIG.3 shows a data structure of encoded data
ocoutput by the system shown in FIG.3:

FIG.6 shows a functional block diagram of a
part for performing an encoding step shown in FIG.4;

F1G.7 shows a block diagram of a second
embodiment of the present invention:

FIG.8 shows a data structure of image data
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processed by a third embodiment of the present
invention;

FIG.9 shows a flowchart of the third
embodiment of the present invention;

FIG.10 shows a data structure of encoded
data output by an encoding system in the third
embodiment; and

FIG.1l1l shows a partial block diagram of a

fourth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE PRESENT INVENTION

With reference to drawings, preferred
embodiments of the present invention will now be

described.
FIG.3 shows a block diagram of an encoding

apparatus in a first embodiment of an encoding system
and method in the present invention. FIG.4 shows an
operation:flowchart of an encoding operation performed
by the encoding apparatus shown in FIG.3. FIG.5 shows
encode data structures which are supplied by the
encoding apparatus shown in FIG.3.

The encoding operation is performed by a CPU
51 shown in FIG.3 on supplied original data, using
software programs previously stored in a ROM 54. The

CPU 51 pefforms the operation shown in FIG.4 as a
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result of executing the software programs. The CPU 51
performs the encoding operation and thus cutputs
encoded data which is written in a RAM 53. The
encoded data written in the RAM 53 is used for storing
the same data in a ROM which is connected to a
decoding apparatus which decodes the encoded data
stored in the ROM.

With reference to FIG.4, a candidate
template is prepared in S1. Specifically, for
example, with reference to FIG.2, a candidate tenplate
is produced by selecting six pPixels from the ten
pizxels 'l' to 'l10' shown in the figure for the to-be-
encoded pixel. By this method, a total of .06
combinations are possible and thus a total of 106
candidate templates are produced. Further, by this
method, it is possible to produce various shapes of
templates.

In S2, a file of to-be-encoded data (to-be-
compressed data) is encoded (compressed ) using the
candidate template prepared in S1. 1In S3, it is
determined whether or not all the possible templates
(all 10C candidate templates) have been used for
encoding the to-be-encoded data. If thy have not,
another candidate template is produced in S1 and is

used for encoding the same to-be-encoded data in S2.
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This operafion is repeated until all the possible
candidate templates have been used for encoding the
samea to-be-encoded data.

If all the candidate templates have been
used, compression rates for the cases of using each of
all the candidate templates are compared with each
other in S4. Thereby, in 85, the optimum template is
determined to be the template with the highest
compression rate. Then, in 86, the encoded data
obtained in the case of using the optimum template is
output, together with template preparation information
which is template identification data and is used by a
decoding apparatus when decoding the encoded data for
preparing'the same template. The output data 1is

written in the RAM 53.

Thus output data for files of to-be-encoded
data have-data structures shown in FIG.4. Each data
structure of the data structures includes a group of
encoded data which is the encoded data output by the
CPU 51 for a respective file of the to-be-encoded
data. Each data structure further includes the above-
mentioned template preparation information which is
added at the top of the group of encoded data as shown
in the figure.

Because files of supplied to~be-encoded data
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may have different characteristics, a template which
is used for encoding a file of to-be-encoded data and
as a result provides a highest compression rate may be
different from a template which is used for encoding
another file of to-be-encoded data and as a result
provides a highest compression rate. Therefore, in
the encoding apparatus in the first embodiment of the
present invention, the optimum template is determined
for each file of to-be-encoded data. In a case of
encodihg video.game software programs, files of to-be-
encoded data may include a background image, a
character (person, animal, or the like) image and so
forth. In such a case as that of video game software
programs, generally speaking, each file of to-be-
encoded data has a small data amcunt. Therefore, the
above-described method is advantageous because the
operation shown in FIG.4 is very simple and does not
require a long time to perform.

FIG.6 shows a functional block diagram of a
part of the encoding system shown in FIG.3, which part
performs the encoding step S2 shown in FIG.4. The to-
be-encoded data and information of a candidate
template are supplied to a probability calculation
unit 61. The probability calculation unit 61 obtains

values of 6 reference pixels of the candidate template
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for a to-be-encoded pixel, and supplies the obtained ©
pixel values to a probability table memory 62 as an
address. In the probability table memory 62, a
respective probability is stored for each state of 26
states (which are referred to as ‘contexts') at a
respective address. Such a probability is a
probability that & to-be-encoded pixel has a value of
a predetermined symbol (normally, MPS, '0’). In this
case, the 6 reference pixels are used as a sixth
Markov model and the possible 2% states are defined as
the contexts (which are represented by integers). The
probability table memory 62 receives the 6 pixel
values as the address, and outputs the respective
probability to an arithmetic encoding unit 63. The

arithmetic encoding unit 63 performs arithmetic

encoding (which is one of entropy encoding)} using the
probability and the actual value of the to-be-encoded
pixel.

Generally speaking, in entropy encoding such
as the arifhmetic encoding, a compression rate can be
improved as prediction of a value of a to-be-encoded
pixel is improved. That is, since an actual
possibility that a to-be-encoded pixel has a symbol
which was previously predicted therefor is higher, a

resulting compression rate can be improved. In order
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to improve the possibility, a template is demanded
appropriate for the characteristics of a particular
to-be-encoded image data file.

Any template-use encoding system in the
related art such as that shown in FIG.1 can be used
for performing the encoding system shown in FIG.3. 1In
a case where the system shown in FIG.1 is used, the
encoding step S2 shown in FIG.4 is performed by the
entropy encoding circuit 104. In the third block 103,
@ candidate template preparation in S1 shown in FIG.4
is performed. The above-mentioned My reference pixels
of the template are six reference pixels of the
template. Then, entropy encoding similar to the
entropy encoding performed through the block 104 shown
in FIG.l1 is performed through entropy encoding means
(which can be embodied by the CPU 51 with the software
programs) similar to the block 104 repeatedly for each
one of all of the above-mentioned candidate templates.

A decoding method and system in a second
embodiment of the present invention will now be
described. 1In this method, an appropriate template is
prepared using the above-described template
preparation information accompanying each encoded data
file. The prepared template is used for decoding the

ancoded data file.
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FIG.7 shows a general block diagram of a
ROM-cartridge system in the second embodiment of the
present invention. A ROM cartridge (ROM 1 shown in
the figure) containing video game software programs in
a form of encoded image data is connected to this ROM-
cartridge system which decodes the encoded image data.
The encoded image data may be an encoded data file
which is subplied by the encoding system in the first
embodiment of the present invention shown in FIG.3.

A line memory 5 stores three lines of data
which have been obtained as a result of decoding the
encoded image data. Through memory reading means (not
shown in the figure), ten pixels of decoded data

located in ten pixels '1' to '10' shown in FIG.2 for a

to-be-decoded pixel is read from the line memory 5.

The read decoded data is supplied to a multiplexer 4.
The multiplexer 4 selects 6 pixels of data

from the supplied ten pixels of decoded data according
to the template preparation information. The template
information.is stored in the ROM 1 and accompanies the
encoded data file in the ROM 1 as shown in FIG.5. The
template information is read out from the ROM 1 when
the encoded data file is decoded, and is supplied the
multiplexer 4 through a buffer memory (not shown in

the figure). The multiplexer 4 supplies the selected
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& pixels of data to a probability table memory 2 as an
address, which probability table memory is identical
to the probability table memory 62 shown in FIG.6.

The probability table memory 2 receives the
6 pixels of data, uses it as the address thereof and
outputs an above-mentioned symbol appearance
probability stored at the address.
. A processing circuit 3 uses the encoded data
read out from the ROM 1 and probability data read out
from the probability table memory 2, and produces a
decoded bit sequentially as a result of thus éécoding
the encoded data. The produced decoded bit is
supplied to and stored in the line memory 5
sequentially. Then, when a subsequent pixel is
decoded, ten pixels of data supplied from the line
memory to the multiplexer are shifted by one pizxel
rightward in FIG.7, and an operation similar to the
cperation described above is performed subsequently
for the current to-be-decoded pixel.

In the encoding method and system, and
decoding method and system according to the present
invention described above, after encoding is performed
for several candidate templates on to-be-compressed
data, a template having a highest compression rate is

determined and compressed data obtained through the
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template is output. Therefore, it is possible to
totally improve a compression rate, in comparison to
the above-described template fixing system and system
in which a template is selected according to a data
type but a template is fixed for each data type in the
related arf. Further, in the present invention, an
operation of always determining which template is
optimum during compression is not performed. Thereby,
a circuit structure of an encoding/decoding circuit
will not be complex,.

A third embodiment of the present invention
will now be described. In the embodiment, image data
is divided into a plurality of bit planes of image
data and encoding is performed for each bit plane. A
number of bit planes is variable. An encoding system
in the third embodiment has a hardware arrangement

same as the hardware arrangement of the system in the
first embodiment shown in FIG.3.

When multi-level image data in which a pixel
has four bits is encoded, for example, in 511 shown in
FIG.9, the multi-level image data is divided into four
bit planes BPl, BPZ, BP3 and BP4 as shown in FIG.G&.
Bits at each same place of the four-place bits of

pixels are contained in a respective one of the four

bit planes.
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In 812 shown in FIG.9, encoding is performed
on the image data for each bit plane. In Sl2, a
template including the ten pixels 'l' to '10' shown in
FIG.2 is used as the reference pixels for each to-be-
encoded pixel. Then, a Markov state is determined for
ten pixel values of the reference pixels and a symbol
appearance probability is determined for the
determined Markov state for the to-be-encoded pixel in
a manner similar tc the manner described above using
the probability table memory 62 shown in FIG.6. Then,
the to-be-encoded pixel is encoded in a manner similar
to the manner described above using the arithmetic
encoding unit 63 shown in FIG.G.- |

It is also possible that, as in the above-
described first embodiment, an arbitrary six pixels
are selected from the ten pixels shown in FIG.2 for
the template. 1In this case, encoding is performed
using several candidate templates and encoded data of
a highest compression rate is output for each bit
plane.

In order to make the number of bit planes
variable, a number of templates for the maximum number
(for example, 'four') of bit planes are prepared.
Then, when particular multi-level image data in which

each pixel has two bits is encoded, a number (in this
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example, 'two') of templates from the prepared number
(in this example, 'four') of templates are used. In a
case where an optimum template is selected from
several caﬁdidate templates for each bit plane as
mentioned above, similar to the case of the first
embodiment, for example, =six arbitrary pizxels are
selected from the ten pixels for each candidate
template. In this case, as shown in FIG.10, 4th-bit-
pléne, 3rdfbit—plane, 2nd-bit-plane and lst-bit-plane
template pfeparation information accompanies encoded
data of the 4th (bit place) bit plane, 3rd bit (bit
place) bit plane, 2nd (bit place) bit plane and lst
(bit place) bit plane, and indicates templates, each
of which template has been used for encoding and thus
produces the encoded data of a respective one of the
four (bit places) bit planes.

A decading method and system in a fourth
embodiment of the present invention will now be
described. This decoding system can decode multi-
level image data having a number of bit planes, which
number is different from a number of bit planes of
other multi-level image data which can also be decoded
in the same system. In this decoding method, similar
+o the above-described method in the first embodiment,

a template appropriate for decoding encoded data is
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set using the template preparation information
accompanying the encoded data, and decoding is
performed using the set template.

The decoding system in the fourth embodiment.
performing the decoding method has a general
arrangement similar to the general arrangement of the
deccding system in the second embodiment shown in
FIG.7. In the decoding system in the fourth
embodiment, instead of the line memory 5 and
multiplexer 4 in the second embodiment, eight line
memories 1l to 18, eight multiplexers 21 to 28 and
another multiplexer 30 are provided. FIG.1l shows =&
general block diagram of this part of the decoding
systemn.

This system in the fourth embodiment can
process multi-level image data having a maximum of 8
bit planes. The eight line memories, a first line
memory 11 to an eighth line memory 18 are provided for
the 8 bit planes, respectively. Each line memory has
a8 structure similar to the structure of the line
memory 3 in the second embodiment shown in FIG.7.
Data writing operations in the line memories 11 to 18
are controlled by eight write signals, a first write
signal to an eight write signal, respectively. For

example, when multi-level image data having twe bit
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planes is processed, the data writing operations on
the first and second line memories 11 and 12 are
alternately performed. When multi-lewvel image data
having four bit planes is processed, the data writing
operations on the first to fourth line memories 11 to
14 are sequentially, alternately performed. When
multi-level image data having eight bit planes is
processed, the data writing operations on the first to
eighth line memories ll'to 18 are seguentially,
alternately performed. Control of the write signals
can be easilily performed using a counter for performing
the above-described sequential, alternate operations.
The eight multiplexers, a first multiplexer
21 to an eighth multiplexer 28 are connected with the
eight line memories 11 to 18, respectively. A number

cf multiplexers of the eight multiplexers 21 to 28 set
templates for the bit planes using the template
preparation information supplied for the bit planes.
This number of multiplexers are the multiplexers
connected with a number of line memories ©of the eight
line memories, which number corresponds to the number
cf the bit planes ¢©f the given multi-level image data.
The other multiplexer 30 sequentially selects one of
outputs of ﬁhe above-mentioned number ¢f multiplexers,

and supplies the selected output to a probability
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table memory (not shown in the figure) as an address
thereof. The probability table memory is identical to
the probability table memory 2 in the second
embodiment shown in FIG.7. A remaining part of the
decoding operation is similar to the decoding
operation of the decoding system in the second
embodiment shown in FIG.7. In the decoding system in
the fourth embodiment, decoding is performed
sequentially, alternately for the number of bit
planes.

Thus, according to the present invention,
the above-described template-use encoding and decoding
can be applied to an image: processing system which
processes multi-level image data in which a number of
bits of each single pixel may vary, that is, the
multi-level image data in which a number of bit planes
may vary. For example, when image data of video game
software programs is processed, a background image
data file has four bit planes while a character
(person, animal or the like) image data file has two
bit planes. By providing the arrangement such as that
shown in FIG.1ll, it is possible that the single

decoding system can decode both the four-bit-plane

background image file and the two-bit-plane character

image file.
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It is also possible that each of the above-
described second embodiment described with reference
to FIG.7 and the fourth embodiment described with
reference to FIG.l1ll is embodied by a hardware
structure such as that shown in FIG.3. In this case,
the entire operation is performed as a result of a CPU
executing an appropriate software programs.

The present invention is not limited to the
above-described embodiments, and variations and
modifications may be made without departing from the

scope of the present invention.

INDUSTRIAL APPLICABILITY

Thus, according to the present inventiOn, an
encoding méthod and system, and a decoding method and
system can be provided in which a template appropriate
to particular data is determined in encoding and a
high compression rate can be kept without causing
circuit structures of encoding/decoding apparatus to
be complex. Further, an encoding method using a
template can be applied to a system which processes
color images in a manner in which a number of bits
allocated for a single pixel varies. Theretfore, the
present invention is particularly useful when being

applied to an encoding method and system, and &

24 PCT/IP96/01661 ()
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decompressing computer data and game software

programs.

10

15

20

25



CA 02197329 1999-05-21

26
THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An encoding method comprising the steps of:
(a) encodiling and thus compressing to-be-compressed data
each time when using a respective one of a plurality of

templates;

(b) comparing compression rates of encoded data with each
other which encoded data was encoded each tlime when a
regspective one of said plurality of templates was used in sald
sfep (a); and

(¢) outputting encoded data having the highest
compregsion rate and template identification information of a
template used when saild encoded data having the highest

compression rate wag obtained in said step (a).

2. The encoding method according to claim 1, wherein

gald encoding comprises entropy encoding.

3. The encoding method according to claim 1, wherein

gald to-be-compressed data comprises video game software image

data.

4, An encoding method comprigsing the steps of:

(a) dividing to-be-compressed data into a plurality of

bit planes of data;

(b) encoding and thus compressing each bit plane of data

each time when using a respective one of a plurality of
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templateg;
(c) for each bit plane of data, comparing compression
rates of encoded data with each other which encoded data was

encoded each time when a respective one of said plurality of

templates was used 1in saild step (b); and

(d) for each bit plane of data, outputting encoded data

having the highest compression rate and template
identification information of a template used when saild

encoded data having the highest compression rate was obtalned

in said step (D).

5. An encoding method comprising the steps of:

(a) dividing to-be-compressed data 1into a plurality of

bit lanes of data, a number of said plurality of bit planes of

data being variable; and

(b) using a template including reference data for each

bit plane of data and encoding and thus compressing each bilt

prlane of data.

6. A decoding method comprising the steps of:

(a) selecting a template of a plurality of templates,
which template is to be used when decoding encoded data in &
gstep (b)), using template identification information; saild

template having been used when encoded data having the highest

compression rate was obtained through encoding; and

(b) decoding said encoded data using saild template

gselected in said step (a).
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7. The decoding method according to claim 6, wherein

sald encoding comprigses entropy encoding.

8. The decoding method according to claim 6, wherein

gald encoded data comprises video game software image data.

9. A decoding method comprising the gsteps of:

(a) for each bit plane of encoded data, selecting a
template of a plurality of templates, which template 1is tTo be
used when decoding encoded data in a step (b), using template
identification information, saild template having been used
when encoded data having the highest compression rate was
obtained through encoding; and

(b) for each bit plane of encoded data, decoding sald

encoded data using said template selected in said step (a).

10. A decoding method comprigsing the gteps of:

(a) receiving encoded data including template preparation
information, sald received encoded data comprigsing a plurality
of bit planes of data, a number of said plurality of bit
planes of data being variable when saild plurality of bit
planes of data were obtained as a result of dividing to-be-
compresged data; and

(b) setting a template appropriate for decoding encoded
data using the template preparation information and decoding

each bit plane of data of said plurality of bit planes of data

using the template.
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11. An encoding system comprising:

encoding means for encoding and thus compressing to-be-
compressed data each time when using a regpectlve one of a
plurality of templates;

comparing means for comparing compression rates of
encoded data with each other which encoded data was encoded
each time when a respective one of sald plurallty of
templates was used by sald encoding method;

and outputting means for outputting encoded data having
the highegst compresgsion rate and template identification
information of a template used when saild encoded data having
the highest compregsion rate was obtained by salid encoding

mears.

12. An encoding system comprising:

dividing means for dividing to-be-compressed data 1into a
prlurality of bit planes of data;

encoding means for encoding and thus compressing each bit
plane of data sach time when using a resgpective one of a
plurality of templates;

comparing means, for each bilit plane of data, for
comparing compression rates of encoded data with each other
which encoded data was encoded each time when a respective one
Oof gald plurality of templates was used by said encoding
meang; and

outputting means, for each bit plane of data, outputting
encoded data having the highest compression rate and template

ldentification information of a template used when said
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encoded data having the highest compression rate was obtained

by sald encodling means.

13. An encoding system comprising:

dividing means for dividing to-be-compressed data into a
plurality of bit planes of data, a number of said plurality of

bit planes of data being varilable; and

encoding means for using a template including reference
data for each bit plane of data and encoding and thus

compressing each bit plane of data.

14. A decoding system comprising:

selecting means for selecting a template of a plurality
of templates, which 1s to be used when decoding encoded data
by decoding means, using template identification information,
gald template having been used when encoded data having the
highest compression rate was obtained through encoding; and

said decoding means for decoding saild encoded data using

sald template selected by saild selecting means.

15. A decoding system comprising:

selecting means for each bit plane of encoded data,
selecting a template of a plurality of templates, which 1s O
be used when decoding encoded data by decoding means, using
template identification information, salid template having been

used when encoded data having the highest compression rate was

obtained through encoding; and

gaid decoding means, for each bit plane of encoded data,
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decoding saild encoding data using saild template gselected DYy

sald selecting means.

16. A decoding svyvsetem comprising:

receiving means for receiving encoded data including
template preparation information, sailid recelived encoded data
comprising a plurality of bit planes of data, a number of sald
plurality of bit planes of data being variable when said
plurality of bit planes of data was obtained as a result of
dividing to-be-compregssed data; and

decoding means for setting a template appropriate for
decoding encoded data using the template preparation
information and decoding each bit plane of data of said

plurality of bit planes of data using the template.

17. A computer memory product comprising a computer
usable medium having computer-readable program code means
embodied therein, sald computer-readable program code means
comprising:

first computer-readable program code means for encoding
and thus compressing to-be-compressed data each Time when
using a respective one of a plurality of templates;

gsecond computer-readable program code means for comparing
compression rates of encoded data with each other which
encoded data was encoded each time when a respective one of
said plurality of templates was used by said first computer-
readable program code means; and

third computer-readable program code means for outputting
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encoded data having the highest compression rate and template
.identification information of a template used when said
encoded data having the highest compression rate has been

obtalned by sald second computer-readable program code means.

18. A computer memory product comprising a computer
usable medium having computer-readable program code means
embodied thereln, saild computer-readable program code means
comprising:

fFirst computer—readable‘program code means for dividing
Co-be-compressed data into a plurallity of bilit planes of data;
second computer-readable program code means for encoding and
thus compressing each bit plane of data each time when using a
regpective one of a plurality of templates;

third computer-readable program code means, for each bit
plane of data, for comparing compression rates of encoded data
wlth each other which encoded data was encoded each time when
a regpective one of sald plurality of templates was used by
sald second computer-readable program code means; and

fourth computer-readable program code means for each bit
plane of data, for outputting encoded data having the highest
compression rate and template identification information of a
template used when saild encoded data having the highest
compreggsion rate was obtained by said second computer-readable

program code means.

19. A computer memory product comprising a computer

usable medium having computer-readable program code means
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embodied therein, sald computer-readable program code means
comprising: |

first computer-readable program code means for dividing
to-be-compregsed data 1into a plurality of bit planes of datsa,
a number of sald plurality of bit planes of data being
variable; and

second computer-readable program code means for encoding

and thus compressing each bit plane of data.

20. A computer memory product comprising a computer
usable medium having computer-readable c¢odeg embodied thereiln,
sald computer-readable codes comprising:

encoded data; and

template identification information of a template having
been used when gaid encoded data having the highest

compression rate was obtained through encoding.

21. A computer memory product compriging a computer
usable medium having computer-reasdable codes embodied therein,
sald computer-readable codes comprilising:

a plurality of bit planes of encoded data; and

template ildentification information, for each bit plane
of encoded data, of a template having been used when said

encoded data having the highest compression rate was obtained

through encoding.

22 . A computer memory product comprising a computer

usable medium having computer-readable codes embodlied therein,




CA 02197329 1999-05-21

34

sald computer-readable codes comprising a plurality of bit
planes of encoded data encoded using a template including
reference data, a number of sald plurality of bit planes of

data being variable when sald plurality of bilt planes of data

were obtained as a regult of dividing to-be-compressed data.

SMART & BIGGAR
OTTAWA, CANADA
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