SPEC! F} CAZIFON |magé "Codi ng and Decodi ng Met hods, |nmage Codi ng and Decodi ng
Appar atuses, and Recording Media for |nmnge delng and Decodi ng Prograns
TechnldﬁF‘Fleld The present invention relates to i nage codi ng and decodi ng
nethods i mage codi ng and decodi ng appar atuses, and recording nedia for
| mage-codi ng and decodi ng prograns, nore specifically, to an i mage coding
process in which a variable coding of high versatility is perforned and an
i mage decodi ng process perfornedspactFecaasngN of this inmage coding.
Background Art Conpression coding is essential for efficiently storing or
transmtting a digital imge. As a nethod of conpressively coding a digital
I mge, used is discrete
Image Coding and Decoding Methods, Image Coding and
Decoding Apparatuses, and Recording Media for Image

Coding and Decoding Programs ‘o

Technical Field

The present invention relates to image coding and
decoding methods, image coding and decoding apparatuses,
and recording media for image coding and decoding programs,
more specifically, to an image coding process in which
a variable coding of high versatility is performed
and an image decoding process performed to the result of

this image coding.

Background Art

Compression coding is essential for efficiently
storing or transmitting a digital image. As a method of
compressively coding a digital image, used is discrete
cosine transformation (DCT) that is a dominant technology
in typical standards like JPEG (Joint Photographic
Experts Group) and MPEG (Moving Picture Experts Group):
In addition, waveform coding methods such as subband
coding, wavelet transformation, and fractal are also used

as the coding methods as well. To remove redundant



cosine transformation (DCT) that is a domi nant technology in typical
standards [ike JPEG (Joi nt Photographic Experts Goup) and MPEG (Moving
Pi ct ure®Experts Goup); In addition, waveform coding nethods such as
subband- codi ng, wavel et transformation, and fractal are also used as the
coding methods as well. To renove redundant 2 signal s between inmages,
intra-frame coding is basically preforned based on a spatial correlation
wi thin one stignalsrdge;weéen atidagesn intrhi-<ramd erodimge saisicaslal so
performed in which inter-image prediction using notion conpensation is
performed basedammed tegad aln aospetbhl amobeedren cravhthen ofeasiatent
still inmages, and a difference
image; in addition to this, inter-image coding is also
performed in which inter-image prediction using motion
‘e compensation is performed based on a temporal correlation
between each set of adjacent still images, and adifference
signal obtained is subjected to waveform coding. Use of
the both methods makes it possible to obtain coded data
with a high compression ratio.

In the conventional image coding process according to
the MPEG standard or the like, after the DCT process or
the like, guantization process is performed, followed by
variable length coding process. More specifically, a
process such as DCT, subband, or wavelet is performed to
digital image data, and the transform coefficients
obtained by the above process are gquantized using a
prescribed quantization scale to generate gquantized
transform coefficients to which variable length coding
process is to be performed.

The quantized transform coefficients obtained by
quantization process are arranged in a two-dimensional
array, and each coefficient indicates zero or non-zero.

In the variable length coding process, zigzag scanning

is performed to the coefficients (zero and non-zero)

arranged in the two-dimensional array in a prescribed



signal ebtained is subjected to waveform coding. Use of the both nethods
makes it possible to obtain coded data with a high conpression ratio. In

t he conventi onal

i mage codi ng process according to the MPEG standard or the

|ike,~ after the DCT process or the |ike, quantization process is perforned,
fol l owed by variable length coding process. Mre specifically, a process
such-as DCT, subband, or wavelet is perforned to digital inmage data, and
the transfosoapoéify cimtes bt aeaedabyget hdeabovef Piotess sada quenti zed
using a prescribed quantization scale to generate quantized transform

coef fi ci entdimenshiosh wad &ble cadigtity eodimiss O ge=ndrsated b qre rtflor med.
The quanti zed transform coefficients obtained by quantizati on process are
arranged i noaetddmdinEnmiahabdraayapf aond ffbacdiaoeéf{i cEeoh ewdntates zero or

non- zer o.

consists of a Run that indicates a number of preceding
zero coefficients .and a Level that indicates the value
of a non-zero coefficient. Then, coding is performed by
referring to a variable length code table prepared in
advance in which a unique variable length code is allocated
to each event consisting of a Run and a Level. Moreover,
in stead of this method, an alternative method may be used,
such as amethod of allocating another code which indicates
if a coefficient is a last one, or a method of performing
coding with reference to a table where wvariable length
codes are allocated to events each consisting of a set
of (Run, Level, Last) obtained by adding a Last indicating
if a coefficient is a last one to a set of a Run and a
Level.

Figure 18 is a flowchart illustrating the procedure
of a prior art coding process to an event consisting of
(Last, Run, Level). Hereinafter a description is given
of the conventional coding process with reference to the
flow of figure 18.

Following the initiation of the process in step 1801,
a j-th event is input as an input event which is an object

to be processed. In step 1803, comparison is performed



In the varirabl e’ l ength codi ng process, zigzag scanning is perfornmed to the
coefficients (zero and non-zero) arrangdd in the two-di nensional array in a
prescribed 3 scanning order to rearrange the coefficients in one
di mensi on, and thereafter, events are generated fromthe one-di nensi onal
array of coefficients. Each event consists of a Run that indicates a nunber
of preceding zero coefficients.and a Level that indicates the value of a
non-zero cdeé¢twepanthiBhampuwodivent sperd aretelrbyceeteenitnd niod wwdadr i abl e
| ength code table prepared in advance in which a unique variable length
code is al |l bnasedatrd addoh baegthcoodestiabdeof a Run and a Level. Moreover,
Figures 19 through 22 show instances of the variable

length code table used for the prior art variable length

coding process. As illustrated, in the tables, events

each consisting of (Last, Run, Level) correspond to codes.

In the figures, “s” in a “VLC CODE” cell indicates zero

when Level is positive, whereas it indicates 1 when Level

is negative. Further, when Last is 0, it indicates that

the coefficient concerned is not the last coefficient.

In step 1803 of figure 18, by referring to this

variable length code table, comparison is performed

between the input event and each reference event included

in the table consisting of (Last, Run, Level); In step

1804, according to the above comparison process, it is

decided whether there is a reference event of which (Last,

Run, Level) is identical to that of the input event. When

it is decided in step 1804 that there is such reference

event, step 1805 is performed, whereas, when such a

reference event is not found, step 1806 is performed. At

this point, if step 1805 is performed, a variable length

code corresponding to the reference event is output,

followed by step 1807 which will be described later.

On the other hand, in the case where step 1806 is

performed, that is, in the case where the (Last, Run,



I n stead of t-hi& nmethod, an alternative nethod may be used, such as a

met hod, of al |l ocating another code whiclys indicates if a coefficient is a

| ast one, or a nethod of performng coding with reference to a table where
vari abl € I ength codes are allocated to events each consisting of a set of
(Run, Level, Last) obtained by adding a Last indicating if a coefficient is
a last one to a set of a Run and a Level. Figure 18 is a flowhart

i[lustrati pgvele Adecadital ofo &ttt @ f atHe coekiny g8 Eesso jecantevieat
consisting of (Last, Run, Level). Hereinafter a description is given of the

conventi onplroced st HOHNESS beé thotiefieweasethe vAeikbow Qferdgigureods.
Follow ng the initiation of the process in step 1801, a j-th event is input

as an i nputagienti gistetsedh ghiked 1t dth OELs§els b rFoameB0tn
conparison is performed
step 1806. Figures 23 are diagrams conceptually
illustrating fixed length coding. As shown in the figures,
the codes shown in figure 23 (a) are allocated to RUNs and
the codes shown in figure 23 (b) allocated to Levels,
respectively, and these codes are the results of the coding.
In this fixed length coding process, a control code for
indicating that a result of the coding is a fixed-length
code is added in such a way that it is transmitted prior
to the result of the coding, so as to distinguish the code
obtained by fixed length coding from the code obtained
by variable length coding. This control code is called
“escape code (ECS)”, and in this case, a code “0000011”
shown in figure 22 is used as the control code. More
specifically, when fixed length éoding is performed,
coded data is obtained comprising a 7-bit ESC code and
the code thus allocated subsequent to the ESC code.
Following the performance of step 1805 or step 1806,
in the subsequent step 1807, it is decided whether an input
event processed is a last input event or not, and if it
is decided that the event is the last one, the coding
process is completed in step 1808. On the other hand, if

it is decided that the event is not the last one, j is



4 between this input event and a reference event included in a variable
| ength, code table. Figures 19 through 28 show i nstances of the variable
| ength code table used for the prior art variable I ength coding process. As
illustrated, in the tables, events each consistingof (Last, Run, Level)
correspondto codes. In the figures, "s" in a "VLC CODE" cell indicates zero
when Level is positive, whereas it indicates 1 when Level is negative.
Further, whemctemenitedoby U iindiseaipes sdmtaridiecooedfe caehbncoptarmsd i s not
the last coefficient. In step 1803 of figure 18, by referring to this
vari abl e | epgtdpdest2pl eheeoppani s0R¢ti snpakf ex8Bd is processed in

the same manner. Thus, the process is continued to the

last non-zero coefficient.

As desctibed above, in the prior art image coding
process, events are generated for quantized transform
coefficients and comparison is made between the event and
a reference event included in a variable length code table;
if the matching event is found, a variable length code
derived from the table is used, whereas, if no matching
event is found, a result of fixed length coding, to which
a control code (ESC code) is added, is used.

Generally, a variable length code table is formed by
investigating statistical distribution using numeral
images and allocating shorter codes to the events
occurring most frequently, whereby the overall
compression ratio is improved. As described above, if
coding is not performed using a variable length code table,
fixed length coding is performed and the compression ratio
is thus degraded; Therefore, it is desired to make a
setting which hardly causes fixed length coding. 1In the
prior art image coding, as shown in figure 18, if it is
decided in step 1804 that there is no reference event

concerned, fixed length coding is immediately performed

in step 1806, which means that a rate of performing



between-the input event and each reference event included in the table
consi sting,of (Last, Run, Level); In step 1804, according to the above
conpari son process, it is decided whether there is a reference event of

whi ch” (Last, Run, Level) is identical to that of the input event. Wen it
Is decided in step 1804 that there is such reference event, step 1805 is
performed, whereas, when such a reference event is not found, step 1806 is

performed. viribbSeplingth tostieny W80 ik pes f aso@ilngae ¥4t cdkney drgth code
corresponding to the reference event is output, followed by step 1807 which

wi Il be desgitrbedllaiieciddy the ot hgtehafdwhiikH heh casenvhebfceireRdl806 is
performed, that is, in the case where the (Last, Run,
is present in a variable length code table.

In image compression coding, however, the statistical
distribution of coefficients wvaries according to the
quantization scale, and it is understood that the
distribution of coefficients having high compression
ratio differs considerably from that having low
compression ratio. Therefore, when an appropriate
variable length code table is not used for coefficients
as objects, the rate at which the event concerned is
present in the variable length code table 1s decreased
and the rate of performing fixed length coding is increased,
resulting in reduced coding efficiency.

Generally, as the quantization scale is increased,
the compression ratio of quantized transform coefficients
is increased, but the event derived from such quantized
transform coefficients tends to have a smaller value of
Level. The variable length code table shown in figures
19 to 22 includes many events having small Level values
to which short codes are allocated, and is suitable for
use in the case where guantized transform coefficients
having relatively high compression ratio are used as
processing objects. Therefore, if the quantization scale

is small and the compression ratio of quantized transform



5 Leve) ) identi=cal to that of the event as an object to be processed cannot
be found when the variable length code t8able is referred, fixed |ength
coding is perforned in step 1806. Figures 23 are diagrans conceptual ly
illustrating fixedl ength coding. As shown in the figures, the codes shown
in figure 23 (a) are allocated to RUNs and the codes shown in figure 23(b)
allocated to Levels, respectively, and these codes are the results of the
coding. In thesfiicieht=eigt howpdiagy priochesevantendeni veddeaverldagk cati ng
that a result of the coding is a fixed-length code is added in such a way

that it is Legasnmviallektri @o,t aHergeswWt wiiitheanodivegt sonaerred
di stingui sh the code obtained by fixed length coding fromthe code obtained

by vari abl ejkengith prediawot Thi suehAnkael atade isngehl eddecteana cosle (ECS)",
and in this case, a code "0000011"
increased and the events present in the table are often
allocated relatively long codes, resulting in increased .
bit number of the result of the coding. In other words,
employing a variable length code table formed for low
compression ratio in coding at high compression ratio
leads to decrease in coding efficiency.
As described above, when a variable length code table
set properly is not used for the coefficients which are
the processing objects of variable length coding, since
variable length coding cannot be performed and fixed
length coding is performed more frequently, and the amount
of bits is increased even when variable length coding is
performed, the amount of code is increased and improvement
of compression ratio is prevented, which is a problem of

the prior art image coding process.

Disclosure of the Invention

The present invention is proposed in view of the
above-described problems, and has an object to realize
that in image coding, any object of coding in a wide range,
which ranges from the one having high compression ratio

to the one having low compression ratio, is coded with



shown .in figure 22 is used as the control code. Mre specifically, when
fixed | ength coding is perforned, codedgdata is obtained conprising a 7-bit
ESC code and the code thus allocated subsequent to the ESC code. Follow ng
the performance of step 1805 or step 1806, in the subsequent step 1807, it
I s deci ded whether an input event processed is a |last input event or not,
and iif it is decided that the event is the |ast one, the coding process is
conpl et ed iimpstepPedB8OBLio] ety aldiarg handngle itat Sallkei Hedgthatoidee event

is not the last one, j is 6 increnented by 1 in step 1809 and the
operation riedpres to step 1802, whereby a next input event is processed in
To solve the above-described problems, provided is

an image coding method of the present invention in which
transform coefficients are obtained for an image to be
coded by a prescribed transformation method, quantization
process is performed to the transform coefficients using
a prescribed quantization scale to obtain quantized
transform coefficients, and variable length coding
process is performed to the quantized transform
coefficients referring to a variable length code table
‘comprising a plurality of reference events paired with
variable length codes, and the method includes: a first
variable length coding step of obtaining a first result
of comparison by comparison process between the quantized
transform coefficient and a reference event included in
the variable length code table, and if the first result
of comparison shows “matching”, obtaining a first result
of coding using a variable length code corresponding to
the reference event; a second variable length coding step
of, if the first result of comparison does not show
“matching”, obtaining a second result of comparison by
comparison process between the quantized transform
coefficient and a reference event included in the variable

length code table subject to a transformation process



the sanme manpers Thus, the process is continued to the [ast non-zero
coeffigcient.. As described above, in thgoprior art image codi ng process,
events are generated for quantized transformcoefficients and conparison is
made.bet'ween the event and a reference event included in a variable |length
code table; if the matching event is found, a variable |ength code derived
fromthe table is used, whereas, if no matching event is found, a result of

fixed | engtusinogliangprdsciibed pusovibnl, sadei EESRecodepniisradded, oifs used.
Generally, a variable length code table is formed by investigating

statisticalcehipd £iHohi eRous n‘ﬂ\dﬂbﬁﬁ?” j mepesiantgald aaaidm@ sbsuller codes
to the events occurring nost frequently, whereby the overall conpression

ratio i s i gy evedngwhdesrchikbedi 80eviguiidh 00k #a drs thet fpestorasdiysi ng a

vari abl e I ength code table,
of coding using a variable length code corresponding to
the reference event; and a particular coding step of, if
the second result of comparison does not show “matching”,
performing coding process to the quantized transform
coefficient using a prescribed coding system to obtain
a result of coding which is distinguishable from each of
the first and second results of coding; therefore, a rate
of performing variable length coding is raised, and a
compression ratio of resultant coded data is increased,
thereby improving efficiency of coding process using a
variable length code table.

Another image coding method of the present invention
in which transform coefficients are obtained for an image
to be coded by a prescribed transformation method,
quantization process is performed to the transform
coefficients using a prescribed quantization scale to
obtain quantized transform coefficients, and variable
length coding process is performed to the quantized
transform coefficients referring to a variable length
code table comprising a plurality of reference events
paired with variable length codes, includes a variable

length coding step which comprises the steps of:



fixed Jength coding is performed and the conpression ratio is thus
degraded; Therefore, it is desired to nake a setting which hardly causes
fixed length coding. In the prior art inmage coding, as shown in figure 18,
if it is decided in step 1804 that there is no reference event concerned,
fixed length coding is imrediately perforned in step 1806, which neans that
a rate of performng 7 variable length coding with better coding

ef ficiency ger fbrRehly ddeaisdesh ét}’r@cés?\é etat tnbi ghaat ieanttconseonad is
present in a variable length code table. In imge conpression coding,

thf})\(favever, t heostat bsbheaksdingt rd R+ 08 Hf deeelikldc bried Ve | €geaccording to
gquantization scale, to obtain a quotient and a remainder;
obtaining a result of comparison with quotient by
comparison process with a reference event included in the.
variable length code table, using the quotient; and, if
the result of comparison with quotient shows “matching”,
employing a variable length code corresponding to the
reference event and adding an auxiliary code obtained by
performing coding process to the remainder using a
prescribed coding system, to obtain a result of coding;
The transformation process using division increases a
matching rate in comparison, thereby improving efficiency
of coding process utilizing a variable length code table.

Still another image coding method of the present

invention is an image coding method in which transform
coefficients are obtained for an image to be coded by a
prescribed transformation method, guantization process
is performed to the transform coefficients using a
prescribed quantization scale to obtain quantized
transform coefficients, and variable length coding
process is performed to the quantized transform
coefficients referring to a variable length code table
comprising a plurality of reference events paired with

variable length codes, wherein, a variable length coding



quanti zation seale, and it is understood that the distribution of
coefficients having high conpression ragio differs considerably fromthat
havi ng | ow conpression ratio. Therefore, when an appropriate vari able
| ength code table is not used for coefficients as objects, the rate at
whi ch the event concerned is present in the variable length code table is
decreased and the rate of performng fixed |length coding is increased,

resutting isrterpeﬂsg%iﬁﬁgﬁhea wiidgicnpri fenendl bYepasot he aupdknmzagi on

scale is incréase he conpression ratio of quantized transform

coef fi ci entsdrSs # 4 £ES6H, pRBkelshe vaMaNta Lyedi beameocht idtant b zgd
transformcoefficients tends to have a small er value of Level. The vari abl e

| ength code.gleahld, shewrriti hEgUbeS &9 the ¢4rk BEh WdEsh FBRL¥ERRB1RAVI NG
smal | Level values to which short codes are allocated; and 1s suitable for

based on the quantization scale, to generate a transformed
event; obtaining a result of transformation comparison
by comparison process between the quantized transform
coefficient and the transformed event; and, 1f the result
of transformation comparison shows “matching”, obtaining
a result of coding using a variable length code
corresponding to the reference event based on which the
transformed reference event is generated; the
transformation process applied to a reference event
included in a variable length code table raises a matching
rate in comparison, thereby improving efficiency of
coding process utilizing a variable length code table.

According to the present invention which is described
above, an effect is available that a wide range of images
(ranging from the one having a high compression ratio to
the one having a low compression ratio) can be coded with
improved efficiency, using a single variable length code
table.

Further, the image coding apparatus of the present
invention can obtain a result of coding having high
compression ratio by implementing the above-described

image coding method.



use in t-he.case where quantized transformcoefficients having relatively
hi gh conpression ratio are used as proqggssing objects. Therefore, if the
guanti zation scale is small and the conpression ratio of quantized
transtform 8 coefficients is low, nmany of the events derived have | arge
Level values. So, the rate at which an event concerned is not present in
such yariable I ength code table is increased and the events present in the

table are oftenrattneaiede,eliaf iael Imbgogdeedeiny esttioddoEnthecr eased bit
nunber of the result of the coding. In other words, enploying a variable

I ength codg et f DR vBHLE OR, | QW IFUIN £566 OBekaliag Briulidy 8¢ hi gh
conpression ratio
performed to the result of coding obtained by the above
image coding method.

Still furthermore, the image decoding apparatus of
the present invention can perform appropriate decoding
process to the result of coding obtained by the above image
coding apparatus.

Moreover, a recording medium for image coding program
of the present invention, when an image coding program
implementing the above-described image coding method is
recorded, implements an image coding apparatus capable
of obtaining results of coding with high compression ratio
utilizing a device resource, by running the program on
a computer system.

In addition, a recording medium for image decoding
program of the present invention, when an image decoding
program implementing the above-described image decoding
method is recorded, implements an image decoding
apparatus capable of performing appropriate decoding
process to results of coding with high compression ratio
utilizing a device resource, by running the program on

a computer system.



| eads to decrease in coding efficiency. As descri bed above, when a variable
| ength code table set properly is not uged for the coefficients which are
the processing objects of variable | ength coding, since variable |ength
codi ng cannot be perforned and fixed |length coding is performed nore
frequently, and the anbunt of bits is increased even when variable | ength
coding is perfornmed, the anobunt of code is increased and i nprovenent of

conpressi ong¥ ¢ FODes cRHEPAEHLd £ WhEhDrawd niysObl em of the prior art inage
codi ng process. Disclosure of the Invention The present invention is

proposed in view @iy ihe abpve-fesgenbed prablsat oyl fRe groeliceGle L O

realize that in irmage coding, any object of coding inh a w de range, which
ranges fromihe 9ag;hgyeng %&tﬁah%mrrf'gs%ﬁ@&é@ta@cégd&he Qe ahayirng | ow

conpression ratio, is codeg W
) embodiment of the present invention.

Figure 2 is a block diagram illustrating the
configuration of an image coding apparatus according to
the same embodiment.

Figures 3 are explanatory diagrams illustrating
examples of a code transformed by the variable length
coding method according to the same embodiment.

Figure 4 is a block diagram illustrating the
configuration of an image decoding apparatus according
to the same embodiment.

Figure 5 is a flowchart illustrating the procedure
of a variable length decoding method according to the same
embodiment.

Figure 6 is a flowchart illustrating the procedure
of a variable length coding method according to a second
embodiment of the present invention.

Figure 7 is an explanatory diagram showing an example
of a code transformed by the variable length coding method
according to the same embodiment.

Figures B are flowcharts illustrating the procedure
of a variable length coding method according to a third

embodiment of the present invention.

This Sheet Has Been Replaced THIS SHEET HAS BEEN

AL




9 inproved:efficiency using a single variable |ength code table. To solve
t he above-descri bed probl ens, providedjss an i mage codi ng net hod of the
present invention in which transformcoefficients are obtained for an image
to be coded by a prescribed transformati on nethod, quantization process is
performed to the transform coefficients using a prescribed quantization
scal ecto obtain quantized transform coefficients, and variable |ength

codi ng process Fﬁg@ﬁéfmri@egnté)xgmsng@ae}ﬂ éfggﬁéﬁr@i@whg%i fel:Gngpt &
referring to a variable |Iength code tab .conprising a plurality of

reference gyegntdith@thd¥dtmed by the variable length coding method

according to the same embodiment.

Figure 10 is a flowchart illustrating the procedure
of a variable length coding method according to a fourth
embodiment of the present invention.

Figure 11 is an explanatory diagram showing an example
of a code transformed by the variable length coding method
according to the same embodiment.

Figure 12 is a flowchart showing the procedure of a
variable length coding method according to a fifth
embodiment of the present invention.

Figures 13 are diagrams illustrating relations
between gquantization scales and divisors used for
transformation process in the variable length coding
method according to the same embodiment..

Figure 14 is an explanatory diagram illustrating an
example of a code transformed by the variable length coding
method according to the same embodiment.

Figure 15 is a flowchart illustrating the procedure
of a variable length coding method according to a sixth
embodiment of the present invention.

Figure 16 is a block diagram illustrating the inner
configuration of a variable length coder included in the

image coding apparatus according to the same embodiment.

THIS SHEET HAS BIZ‘bN
nﬁlslhiet Wi i REPLACED




variable length codes, and the nmethod includes: a first variable |ength
coding Step of obtaining a first resul tgof conparison by conparison process
bet ween the quantized transformcoefficient and a reference event included
in the variable length code table, and if the first result of conparison
shows "mat ching”, obtaining a first result of coding using a variable

I ength code corresponding to the reference event; a second variable Iength
coding step ofpi fhrbhe7f kst Lavd Bfadodmali 598t daes nROt A nd®t chi ng”,
obtaining a second result of conparison by conparison process between the
quanti zed LLARSIRIMBCOSH L8 §NLa2Rd1A & af i PCCa8Y8aE r! RElUdRAd Nid he

vari abl e | ength "code table subject to a transformation process
the image decoding apparatus according to the same

embodiment.

Figure 18 is a flowchart illustrating the procedure
of a prior art variable length coding method.

Figures 19 through 22 are diagrams showing examples
of variable length code table used for variable length
coding.

Figures 23 are diagrams for explaining fixed length

coding process.

Best Modes for Carrying Out the Invention
Embodiment 1.

An image codingmethod according to a first embodiment
of the present invention is intended to increase chances
of using a variable length code table by performing
transformation process to events which are objects to be
coded, thereby improving coding efficiency.

Figure 1 is a flowchart showing the procedure of a
variable length coding method according to the first
embodiment of the present invention. Further,.figure 2
is a block diagram illustrating the configuration of an
image coding apparatus performing the variable length

coding process according to the first embodiment, and



10 using & prescribed function, and if the second result of conparison
shows "“matching", obtaining a second fgesult of coding which is

di stinguishable fromthe first result of coding using a variable |ength
code cofresponding to the reference event; and a particular coding step of,
I f the second result of conparison does not show "matching”, performng
codi ng process to the quantized transform coefficient using a prescribed

codi ng systeire OBt Aira @ira?&'-ﬂrﬁs %fhmdi@gemﬁbeéscﬂi@sé ngwis shabbe from
r

each of the first and secon esults of coding; therefore, a rate of

perform ng+yar il La1h 001 Bngedi RYdihg.ai sed, and a conpression ratio of
resul tant coded data is incfeased, thereby inproving efficiency of coding

mcgfzsgﬁi N9 areriabhy, | enadeLase: 4AN g AR BY heRatagod o gt hod of

apparatus according to the first embodiment, using figure
2. As shown in the figure, the image coding apparatus
according to the first embodiment comprises: a first adder
202, a coder 203, a second adder 210, a variable length
coder (VLC) 211, a frame memory (FM) 213, a motion
extractor (ME) 214, and a motion compensator (MC) 215,
and it receives from an input terminal 201 digital image
data which is an object of coding process and outputs from
an output terminal 206 the coded data which is the output
of the image coding apparatus. The coder 203 contains a
discrete cosine transformation unit (DCT) 204 and a
quantizer (Q) 205, and the decoder 207 also contains an
inverse quantizer (IQ) 208 and an inverse discrete cosine
transformation unit (IDCT) 209.

Hereinafter a description is given of the operation
of the image coding apparatus thus constructed. First of
all, an image to be coded, which is digital image data,
is input to the input terminal 201. The image to be coded
is divided into a plurality of adjacent small regions.
In the first embodiment, an image to be coded is divided
into a plurality of adjacent 16 x 16 blocks and coding

process is performed for each of the divided



in which transformcoefficients are obtained for an inmage to be coded by a
prescribed transformation nethod, quantjgzation process is perforned to the
transform coefficients using a prescribed quantization scale to obtain
quanti zed transform coefficients, and variable |ength coding process is
performed to the quantized transformcoefficients referring to a variable
| ength code table conprising a plurality of reference events paired with
vari abl e | engdxsodes, includes a variable |ength coding step which
conprises the steps of: perform ng division process to the quanti zed

transform coef fAgi 6% eH$i BYoRKY ¥hioh d8Chdstobrsgd 2R sHedeapbigation

scale, to obtain a quotient and a renal nder;
coded, is input to the first adder 202 through a line 216"
as well as to the motion extractor 214 through a line 225.
Further, the frame memory 213 stores a previous
reconstructed image, which will be described later, and
the motion extractor 214 receives the stored image through
a line 224 and performs motion extraction process to the
objet block to be coded using the image as a reference
image, to obtain a motion vector. In the motion
extraction process, motion displacement information
which gives a prediction signal of minimum error to an
object block to be coded is obtained by block matching
or other method, and the motion displacement information
is treated as a motion vector. The motion extractor 214
outputs the motion vector to the motion compensator 215.
The motion vector is also output through a line 228 to
the variable length coder 211 where it is transformed into
a variable length code and added to a result of coding
as a part of side information.

The motion compensator 215 also uses the image stored
in the frame memory 213 as a reference image, generates
a predicted block from this reference image and the motion
vector and outputs it to the first adder 202 through a

line 226 as well as to the second adder 210 through a line

SR It S
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obtaining-:a result of conparison with quotient by conparison process wth a
reference event included in the. variabjse | ength code table, using the
quotient; and, if the result of conparison with quotient shows "matching",
enpl oying a variable |l ength code corresponding to the reference event and
addi ng an auxiliary code obtained by perform ng coding process to the

remai fder using a prescribed coding system to obtain a result of coding;

The transf oramli omIFAGASS 21200 Vd ¢ Die & NCHEFFRY ch TR bRRIWEE ] 2he i N
conmparison, thereby inproving efficiency of coding process utilizing a

variabl e | engbhit CeE8 ekabIA 0K iddg 2P0 hehpl¥B G «elH tid "BiHeR @b the
present invention iS an inmage coding nethod in which transform coefficients

are obtai nesb{of,88 ANBOErkPRECREBEKDY 28 dPEASENIC t! £ERNEHET BBHEQN

met hod, quanhtization process is performed to the transform coefficients

using a 203 through a line 217.

The difference block is compression-coded at the coder

203. In the first embodiment, the difference block is
input to the discrete cosine transformation unit 204 and
transformed into coefficients in a frequency domain; the
coefficients in the frequency domain are input through
a line 218 to the quantizer 205 which performs quantization
process usingzapréscribed.quantization scale. When the
first adder 202 does not derive a difference, that is,
intra-image coding is performed, the object block is input
to the coder 203 where it is processed in the same manner
in which the difference block is processed.

Quantized transform coefficients and the
quantization scale used for the quantization process are
output from the quantizer 205 through a line 219 to the
variable length coder 203 where coding process is
performed and the result of coding is output together with
the side information including the motion vector and the
quantization scale to an output terminal 206. The
quantized transform coefficients are, at the same time,
output to the decoder 207 where expansion process is

performed. Inthe first embodiment, inverse quantization



prescribed’ quanti zation scale to obtain quantized transform coefficients,
and variable length coding process is pgrforned to the quantized transform
coeffi.cients referring to a variable |length code table conprising a
plurality of reference events paired with variable | ength codes, wherein, a
vari abl e |l ength coding 12 step is performed which conprises the steps
of : performng transformation process with a prescribed function to a

reference ewergerfstrdadusinighanardmde 4eagthzaedent aldLle bagedhen the
guanti zation scale, to generate a transfornmed event; obtaining a result of

transf or matiif3fe £98PGhARON zBY 20BPANIAS @ ePrRGREIS: Bed Weasu ¢ hen flvaghi ged

transform
line 221 to the inverse discrete cosine transformation
unit 209 where spatial domain data is derived by an inverse
of discrete cosine transformation process. The
difference block obtained by expansion in the decoder 207
is output through a line 221 to the second adder 210 where
a predicted block transmitted through a line 227 is added
to generate a reconstructed block. This reconstructed
block is output through a line 222 to the frame memory
213 and stored therein to be used as a reference image
in the subsequent coding process.

In the image coding apparatus of the first embodiment,
the wvariable length coder 211 receives, as inputs,
quantized transform coefficients and side information
which includes quantization scale, motion vector, and
others, and transforms them into variable length codes
or fixed length codes. Hereinafter a descriptionis given
of the operation for the process to guantized transform
coefficients by the variable length coder 211, with
reference to the flow of figure 1.

As described in the explanation for the prior art,
transform coefficients are obtained in a form of two-
dimensional array which is composed of zero coefficients

and non-zero coefficients; for this two-dimensional array,



coefficient,and the transformed event; and, if the result of transformation
conpar, son .shows "matchi ng", obtaining 21 result of coding using a variable
| ength code corresponding to the reference event based on which the
transforned reference event is generated; the transformation process
applied to a reference event included in a variable |l ength code table
raises a matching rate in conparison, thereby inproving efficiency of

codi ng procesarutindenidit ai ¥ apeabbemkangnh £ e § @bl pedAceded NGt o the
present invention which is described above, an effect is available that a

wi de range ofi gizRR@es Hd aslgt&0nf BoBhthaigRe JIBHAD #rPagh e0EPERIIHE ratio
to the one having a | ow conpression ratio) can be coded with inproved

efficiency, avei fadRe Sald oyl gy | e hemsert 8bl srobeeldiery Adwe | mage
codi ng apparatus of the present
coefficients (Run) and a value of non-zero coefficient
(Level). Further, Last is added which is the information .
indicating whether a transform coefficient represented
by Level is the last coefficient in a block or not. An
event thus formed which consists of (Last, Run, Level)
is treated as an input event which is an object to be
processed by the variable length decoder 211.
Following the initiation of the process in step 101,
a j-th input event is obtained in step 102. 1In step 103,
compaiison is performed between the input event and a
reference event present in a variable length code table
in the wvariable length coder 211. As for the variable
length code table, the tables of figures 19 to 22 used
in the prior art are used, and comparison is performed
with each reference event included in the table and
consisting of (L.ast, Run, Level).

In step 104, it is decided whether a reference event
having a matching (Last, Run, Level) is found in the above
comparison process or not. When it is decided in step 104
that the reference event is found, step 105 is performed,
and when it is not found, step 106 is performed. At this

point, if step 105 is performed, a variable length code
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i nvent,ion ean obtain a result of coding having high conpression ratio by
i mpl enenting the above-described i nmage godi ng nmet hod.
an i mage decodi ng nethod of the present invention,
process’is perforned to the result of coding obtained by the above inmage
coding nmethod. Still furthernore, the inmage decodi ng apparatus of the

13 Furt hernore,
appropri ate decodi ng

in

present invention can performappropriate decoding process to the result of
codi ng obt aipede By ohite rRPee thebgereedhoe apRarat ¥SoulBueqvebl 1dwerror di ng

medi um f or

i mage codi ng program
by step 111.

On the other hand, if step 106 is performed,
transformation process using a prescribed function is
perfdbrmed to the Level included in the input event to
generate a transformed input event. In step 107 which
follows, comparison is performed between a transformed
input event and a reference event as in the case of step
103. 1In step 108 which follows, it is decided whether a
matching reference event is found or not, and when a
reference event is found, step 110 is performed, and when
it is not found, step 109 is performed. At this point,
if step 110 is performed, a result of coding is output
which is the variable length code corresponding to the
reference event to which a second control code uniquely
set in advance is added, followed by step 111.

On the other hand, if step 109 is performed, the coding
process as shown in figures 23 is performed to the input
event to generate a fixed length code. Then, a result of
coding is output which is the fixed length code to which
a first control code distinguishable from the second
control code is added.

If either step 110 or step 109 is performed, in a step
111 which follows, it is decided whether an input event

processed is a last input event or not, and if the event



of the present invention, when an inmage codi ng programinpl enenting the
above-descri bed i mage codi ng nethod i s23ecorded, inplenents an i mage codi ng
appar atus capabl e of obtaining results of coding with high conpression
ratio utilizing a device resource, by running the programon a conputer
system In addition, a recording nmediumfor inmge decodi ng program of the
present invention, when an i nage decodi ng program i npl enenting the

above- deschikbeHel Mage deeqdithe FBHAOG bF ocRey dedconfll etedtsn atépage
decodi ng apparatus capabl e of perform ng appropriate decodi ng process to

resul ts of 1¢0di nenwithle tdecHEH@SSIREnT BheOetibhlti isngicr dee Qeaggesour ce,
by running the programon a conputer system

one, j is incremented by 1 in step 113, and the operation
returns to step 102, whereby a next input event is
processed in the same manner.*:Thus, the process is
continued to the last non-zero coefficient.

In the first embodiment, a process of deduction of
an Offset value having a prescribed value is used as a
prescribed function for obtaining a transformed input
event from the input event. More specifically, a
transformed input event is derived by deducing an Offset
from the value of Level of the input event. It is
preferable to deduct an Offset from the absolute value
of Level and then append a sign code of Level (positive
or negative). The offset may be a single value, or it may
have a variable value corresponding to values of Last and
Run. 1In the first embodiment, this can be cocbtained from
the table of figures 19 to 22 in such a way that the maximum
Level value for each set of (Last, Run) is used as an Offset
value: for example, Offset = 12 for (Last, Run) = (0,0),
Offset = 6 for (Last, Run) = (0,1), and Offset = 4 for
(Last, Run) = (0,2).

The variable length code table shown in figures 19
to 22 is suitable for transform coefficients héving

relatively high compression ratio, and many of the Levels



14 Brief Description of the Drawings Figure 1 is a flowchart |IIustrat|ng
t he procedure of a variable length codigg method according to a first
embodi ment of the present invention. Figure 2 is a block diagram
illustrating the configuration of an inmage codi ng apparatus according to
t he sanme enbodi nent. Figures 3 are explanatory diagranms illustrating
exanp) es of a code transforned by the variable | ength codi ng net hod

accor di ng t@n@i%mneeﬁedéxn&gés V\FIM@ thd £a818! H&l&egér@gmmaiﬁwt rating

t he conflguratlon of "an i ma ecodi i ng apparatus according to the sane
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vari abl e Ieng I ng net accor Ing to the sane I ment
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met hod according to a secobn ment of presen tion
to the Level value thereof to obtain a transformed input

event having a small Level value, thereby increasing the -
rate of performing variable length coding as well as the
rate of using short codes allocated to the events having
small Level values in the table.

Further, as a first control code, “0000011” is used
which is identical to the ESC code shown in figure 23 used
in the prior art; as a second control code, the ESC code
repeated twice 1is used.

Figures 3 are diagrams illustrating examples of the
result of the coding. Here the coding process according
to the first embodiment is compared with the prior art
coding process, using figures 3. Now it is considered
that an event having (Last, Run, Level) = (0, 0, 13) is
an object to be coded. The variable length code table
shown in figures 19 to 22 does not have this set, (0, O,
13). Therefore, if the prior art coding process shown in
figures 23 is performed as described above, the fixed
length coding process shown in figures 23 is performed
as described above, and ESC code is added to this to be
output. Figure 3(a) shows the result of this process, and

6 bits 303 and 8 bits 304 both representing Levels are



Figure.7 is a flowhart icging the procedure of a variable |ength decoding
met hod according to the sanme enbodi nenf.. Figures 8 are flowharts
illustrating the procedure of a variabl'e | ength coding method according to
a third enbodi mrent of the present invention. Figure 9 is a flowhart

il lustrating the procedure of a variable | ength decodi ng nethod according
to the same enbodinment. Figure 10 is a flowhart illustrating the procedure

of a variahl J’l@ngﬁ}gsggqbg& %thgg%?%mgir{g_#ﬁbu%gwratﬂa qnpqgi Apnpt of the

present inve re 11 is strating the procedure of a
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12 is a fl ng the proce ure o a vari abl e rength codi ng net hod

accordi ng :%(?%Ias[hil f1 ez;g% dlm Bg%fﬁgéﬁ%ﬁgﬁgﬁﬁe‘)%@ glﬂ.ﬁglls are

di agrans i e atlons meen gquan
22 bits are required in total.

On the other hand, in the result of the process
according to the first embodiment, when the reference
event concerned is not present in the variable length code
table in steps 103 through 104 of the flow of figure 1,
fixed length coding is not performed immediately unlike
the case of the prior art, and transformation process and
comparison are performed again as shown in steps 106
through 108. In the transformation process,
transformation is performed by deducting Offset (= 12)
from the Level value 13 to obtain a Level value of 1,
thereby obtaining a transformed input event, (0,0,1). As
shown in figure 18, since the event (0,0,1) is provided
in the variable length code table, step 110 following step
108 is performed. Therefore, as shown in figure 3(b), the
result of the coding is derived comprising a second control
code 806 and a variable length code 807 corresponding to
(0,0,1). Therefore, in this case, 17 bits are required
in total, which means that the amount of code is reduced
in comparison with the prior art case requiring 22 bits.

In the flow of figure 1, when a reference event

concerned is not present in the variable length code table



scal es and- di vi-sors used for transformation process in the variable |ength
codlng nethod according to the sane enbeggi nent. Figure 14 is a flowchart
|IIustrat|ng the procedure of a variable | ength decodi ng nmethod accordi ng
to the sanme enbodinent. Figure 15 is a flowhart illustrating the procedure
of a variable | ength coding nethod according to a sixth enbodi nent of the
present invention. Figure 16 is a block diagramillustrating the inner

configurati o @hea éﬁ%@é‘@i@oheﬁgblﬁe%%d%rs:ﬂﬁl&W@dtfgnElf%r&dE%g%.
apparatus according to the sanke enbodi nent. 16 Figure 17 is a block

di agram i |l ugkhat i nghd g&b&@@% ¢ankirg raltdgjrhsod}@ez‘{@ibﬁgl ¢d &t ﬂ?COder

i ncl uded in the i‘mage decoding apparatus according to the same
the prior art. Therefore, in the first embodiment, at

worst case, the coding identical to the prior art one can
be performed. When the length of tode to which the second
control code is added is longer than that of the code to
which the first control code is added, less number of bits
can be obtained by coding with a first control code and
a fixed length code.

Hereinafter a description is given of a decoding
process to the coded data obtained by the image coding
process according to the first embodiment.

Figure 4 is a block diagram illustrating the
configuration of an image decoding apparatus according
to the first embodiment. As shown in figure 4, the image
decoding apparatus according to the first embodiment
comprises: a data analyzer (DA) 402, an adder 406, a
variable length decoder (VLD) 408, a decoder 403, a frame
‘memory (FM) 409, and a motion compensator (MC) 410, and
it receives coded data which is an object of decoding
process from an input terminal 401 and outputs decoded
data which is the apparatus output of the image decoding
apparatus from an output terminal 407. Further, the
decoder 403 contains an inverse gquantizer (IQ) 404 and

an inverse discrete cosine transformation unit (IDCT)

ARSI A I gyws e -



enbodi nent.. Figure 18 is a flowhart illustrating the procedure of a prior
art varlable | engt h coding nmethod. Figgyes 19 through 22 are diagrans

showi ng exanples of variable | ength code table used for variable |length
coding.  Figures 23 are diagrans for explaining fixed | ength codi ng process.
Best Modes for Carrying Qut the Invention Enbodinent 1. An image coding

nmet hqd according to a first enbodi nent of the present invention is intended
to increasggghances of using a variable |length code table by performng
transformation process to events which are objects to be coded, thereby

Im[m;ow ng codi ngaef fAdy eney . ih e BebokS ndy TApPWhdfhs SBeWHRG téhe- g ocedur e
embodiment which is constructed above, a description is
given of the operation for performing the decoding process
to coded data which has been compression~coded by the image
coding apparatus shown in figure 2.

Coded data as an object to be processed is input to
the input terminal 501, and then analyzed by the data
analyzer 502 to derive a variable length code according
to guantized transform coefficients, and the codes of the
side information including quantization scale and motion
vector. Among them, the gquantization scale and the
variable length code of the gquantized transform
coefficients are transmitted to the variable length
decoder 508 through a line 512, and the motion vector to
the motion compensator 510 through a line 518. 1In the
variable length decoder 508, the variable length code of
the quantized transform coefficients is decoded into
transform coefficients by referring to the variable
length code table, and then the coefficients are
rearranged to obtain compressed difference blocks and the
blocks are output to the de_coder 503,

In the decoder 503, the compressed difference block
is expanded to generate a difference block. In the

decoder 403 of the first embodiment, inverse quantization
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vari able |l ength codi ng method according to the first enbodi nent of the

preseﬁt=inyention. Further, figure 2 is,s@ block diagramillustrating the
configuration of an image codi ng apparatus performng the variable [ ength
codi ng process according to the first enbodi ment, and 17 figures 3 are

di agranms showi ng exanples of the result of the variable | ength coding.
Initially, a description is given of the inmage codi ng apparatus according

to the firsggqe
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codi ng apparatus according to"the first enbodi ment conprises: a first adder

202, a codegu2Q3d; A Seepd gddetnaldnd M | @berbeBItldsine

transformation unit 405 performs transformation to the
result so that a frequency-domain signal is transformed
to &'spatial domain signal. This signal is output as a
difference block to an adder 406.

On the other hand, in the motion compensator 510
receiving the motion vector as an input, an address is
generated based on the motion vector, for use to access
a frame memory 409, and with respect to the image stored
in the frame memory 409, a predicted block is generated.
The predicted block generated is output to the adder 406
where addition process is performed between it and the
difference block obtained by expansion to generate a
reconstructed block. The image thus reconstructed is
output from the output terminal 407 as the output of the
image decoding apparatus, as well as to the frame memory
409 to be stored therein.

Figure 5 is a flowchart showing the procedure of the
variable length decoding method by the variable length
decoder 508. Hereinafter a déscription is given of the
operation of the coefficient variable length decoder 508
in the decoding process, with reference to the flow of
figure 5.

Initially, following the initiation of the process
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coder (VLG 21F, a frane nenory (FM 213, a notion extractor (Mg) 214, and
a notion cqonpensator (MC) 215, and it refceives froman input term nal 201
digital inmage data which is an object of coding process and outputs from an
output term nal 206 the coded data which is the output of the inmage coding
apparatus. The coder 203 contains a discrete cosine transformation unit
(DCT). 204 and a quantizer (Q 205, and the decoder 207 al so contains an

i nverse quaghi é%'éﬁ(e|5@1,20§ $88i ap1knyenge dicsd et 8o €08hBa Waasd Qynmati on
unit (1DCT) 209. reinafter a description is given of the operation of the

i mage codi nguaRRARAIS raess SN HJH & o it & St cRlds AR JuTRE® lextbe
coded, which is digital inmage data, is input to the input termnal 201. The

(0F 0, e B dy M A Molhb e e sissenegBh cadel ons. 11
In step 503, it is decided whether the input wvariable
length code includes a control code or not, and if it does
not include a control code, step 504 is performed; if it
includes the code, step 505 is performed. In the case
where step 504 is performed, that is, in the case where
no control code is included, a set of (Last, Run, Level)
éorresponding'to the input variable length code is output
by referring to the variable length code table, followed
by step 510 which will be described later.

On the other hand, in the case where step 505 1is
performed, that is, in the case where a control code is
included, it is decided whether the control code is a
second control code or not; if it is the second control
code, step 506 is performed, and if it is not that code,
step 507 is performed. In the case where step 506 is
executed, that is, in the case where the control code is
a second control code, a set of (Last, Run, Level)
corresponding to the input variable length code is
obtained by using the variable length code table, and the
Level value thereof is transformed with a predetermined
function and the result is output, followed by step 510

which will be described later. 1In the first embodiment,



into a plurality of adjacent 16 x 16 bl ocks and coding process is perforned
for each of the divided 18 bl ocks. Ag object block, which is a block as
an object fo be coded, is input to the first adder 202 through a line 216
as well-as to the notion extractor 214 through a line 225. Further, the
frame nmenory 213 stores a previous reconstructed i mge, which will be
descrjbed later, and the notion extractor 214 receives the stored i nmge

through a I} r}?r@@és@“é’f p&‘cﬁcfli)ﬁ&Ba rﬂlté&é‘t@ﬁxiﬁﬁh' 8B £BERCEesSpEerbhaedb) et
bl ock to be coded using the inage as a reference image, to obtain a notion
vector. In ¢Ne §REL@Nof this Offset varies according to a set of

(Last, Run) as described above.

Here taken into account is the decoding process to
the code shown in figure 3(b). If it is decided in step
505 that it is a second control code, step 506 is performed.
Therefore, a set of (Last, Run, Level) corresponding to
a part of the code, “100”, which is shown as 306 in figure
3(b), can be obtained by referring to the variable length
code table, and Offset = 12 is added to this Level to
regenerate the original set, (Last, Run, Level) =
(0,0,13).

On the other hand, if step 507 is executed, it is also
decided whether the control code is a first control code
or not. If it is the first control code, step 508 is
performed, but if it not the first control code, it is
understood that the control code other than first and
second control codes has been added. Therefore, in step
509, the decoding process is stopped or an error processing
such as letting the user know that the decoding process
is stopped. On the other hand, in the case where step 508
is performed, that is, in the case where it is a first
control code, it is decoded as a fixed length code to
regenerate coefficients.

If any of the steps 504, 506, and 508 is performed,



extraction process, notion displacenment information which gives a
predittion’signal of mninmumerror to ap object block to be coded is

obt ai‘ned by bl ock matching or other nmethod, and the notion displacenent
information is treated as a notion vector. The notion extractor 214 outputs
the notion vector to the notion conpensator 215. The notion vector is also
out put through a line 228 to the variable |l ength coder 211 where it is

transfornmed 4 nfqe@ yaoi ghhien erativwndel ands added ded areshét vhecodi ng as
a part of side information. The notion conpensator 215 al so uses the inmage

stored in th1g, dd 80Bq NEARLY d423iab1e NeRfENcdemge, tigeneast esna predicted
bl ock fromthis reference i mage and the notion vector and outputs it to the

first adder, 202 fhgoughia kisng 26 At Weht, a8nko cdde rpqonsk eslget s210
through a I'i ne
completed in step 511. On the other hand, if it is not
v the last one, the operation is returned to step 502 after
j is incremented by 1, whereby a next input variable length
code is processed in the same manner. Thus, the process
is continued to the last variable length code.

As described above, according to the first coding
method of the first embodiment, as shown in figure 1, if
the reference event concerned is not included in the
variable length code table in the comparison process in
steps 103 through 104, the transformation process to the
input event is performed in step 106, and in steps 107
through 108, comparison process is performed with the
resultant transformed input event. Therefore, the rate
of performing fixed length coding in step 109 can be
reduced, and the possibility that short codes are
allocated in variable length coding is increased by using
the transformed input event, resulting in improved
compression ratio of the result of coding as a whole.

Further, since the image coding apparatus of the first
embodiment comprises the variable length coder 211
performing the above-described coding method, a result

of coding with a high compression ratio can be obtained



19 227.. The first adder 202 derives a difference between the input object
block‘anq‘the i nput predicted block tosgenerate a difference bl ock, and
outputs it to the coder 203 through a line 217. The diff rence block is
conpr essi on-coded at the coder 203. In the first enbodinent, the difference
block is input to the discrete cosine transformation unit 204 and
transfornmed into coefficients in a frequency domain; the coefficients in

the.frequen u%Qmﬂi% 16, d TP Ula HIHIOUON éndiRecdds ¢ 1Bewnyentirzene205
whi ch perforns quanti zation process using a prescribed quantization scale.

Xﬁg?nthe fQﬁﬁ@pf@ggiogogaggsso?O%h9Q&hM§résQEBBEéSHﬁﬁg tRathkscobiglr a- i mage
g i s perrorned, the object block iIs iInput
203 is high or low.

Furthermore, the image decoding method and image
decoding apparatus according to the first embodiment are
able to perform appropriate decoding process according
to the result of coding obtained in the above-described
manner to obtain reconstructed image.

Although it is described that, in the coding process
depicted in the first embodiment, discrete cosine
transformation is performed for compression coding,
waveform coding such as wavelet coding may be applied
instead of it and enables performing the same coding
process.

Further, although in the coding process described in
the first embodiment, a Level value of an input event is
transformed in the transformation process for the input
event, a Run value of the input event may be transformed
instead. In this case, the maximum Run value
corresponding to the set of (Last, Level) of each reference
event in the variable length code table of figures 19 to
22 is used as an Offset value, and (Offset + 1) is deducted
from the Run value of an input event to obtain a transformed
input event. The transformation process may also be

performadbyothermethodsuchasnmltiplyingalevelvalue



to the coder 203 where it is processed in the sane manner in which the
difference'block is processed. Quantizggd transform coefficients and the
guanti zati'on scal e used for the quantization process are output fromthe
quantizer 205 through a line 219 to the variable length coder 203 where
coding process is performed and the result of coding is output together
with the side information including the notion vector and the quantization

scal € 1o ag out Ry R%lfﬂélﬁ'pg%oriﬁkﬂﬁg%a A7adk 4 reashgr B geelddaiint s are,
at the same tine, output to the decoder 207 where expansi on process is

per formed. ¢hfctie.d| 1St EHRAGLABNG: dyRKSiRe CuaRé] Zattons 120

possible to transforma Level or a Run in a variable length
code table with a prescribed function and then perform
compression process, in place of performing a prescribed
function to a Level or a Run of an input event.

As described above, when a Run value is transformed
in coding process instead of a Level value, (Offset + 1)
is added to the Run value subjected to variable length
decoding to generate an original Run value. In this case,
the Offset value is the maximum Run value corresponding
to a set of (Last, Level), as explained above.

Although in the first embodiment a description is
given of the procedures of the coding and decoding
processes with reference to the flowcharts of figures 1
and 5, the coding and decoding processes are not limited
to these procedures, and the procedures enabling the same
processes can also improve coding efficiency and
implement a suitable decoding process to the result of

the coding.

Embodiment 2.
In an image coding method according to a second
embodiment of the present invention, transformation

process is performed to an event as an object to be coded,



I's perfornmed using the above quantization scale in the inverse quantizer
208 and'the result is input through a lije 221 to the inverse discrete
cosiné transformation unit 209 where spatial domain data is derived by an
i nverse of discrete cosine transformati on process. The difference bl ock
obt ai ned by expansion in the decoder 207 is output through a line 221 to

t he second adder

210 where a predicted block transmtted through a |ine 227

is added tozgengrahe &iheaonsiysgirenbl ogka Hhes Hfanwest sachedsblek is
out put through a line 222 to the franme nenory 213 and stored therein to be

used as a rgfergpGRedBEL dy Ademsybseguent coding process. In the image
codi ng apparatus of the first enbodi nent, the variable | ength coder 211

recei ves, as i npYlgh,r AU § 28051 5RBARAEMSGORIH £180d Zpeseeahé% i f mat i on

whi ch i ncludes quantization scale, notion vector, an

variable length coding method according to the second

embodiment. The image coding apparatus of the second

embodiment also has the same configuration as that of the
first embodiment, and thus figure 2 will be used for the
description.

The image coding process according to the second
embodiment differs from that of the first embodiment only
in the process by the variable length coder 211 shown in
figure 2, and thus a description is given of the operation
by the variable length coder 211 in the coding process
below with reference to figure 6.

Steps 601 through 608 are performed in the same manner
as steps 101 through 108 in the first embodiment, and in
step 108, decision is made based on a comparison between
a transformed input event and a reference event of a
variable length code table., If it is decided that there
is a matching reference event, step 610 is performed; if
such event is not found, step 609 is performed.

If step 610 is performed, a result of coding is output
which is a variable length code corresponding to the
reference event to which a control code set uniquely in

advance and a second mode code are added, followed by step



others, -and transforns theminto variable | ength codes or fixedl engthcodes.
Fbrelnaftera description is given of the operation for the process to

quant i zed transform coefficients by the variable | ength coder 211, with
reference to the flow of figure 1. As described in the explanation for the
prior art, transformcoefficients are obtained in a formof two-

di rensi onal array which is conposed of zero coefficients and non-zero

coef ficientex1 f omdAd s tounal NENSivaadh Al denticdll to the ESC code
- Rearrangenent is perforned in a prescribed order (in zigzags) to obtain a

one- di mensisiin alf ayigakd @entis alRede4se gagbneensi eddyy n@ momnber of
proceedi ng zero coefficients (Run) and a val ue of non-
is used as the second mode code.

On the other hand, if step 609 is performed, the coding
process shown in figures 23 is performed to*an input event
to generate a fixed length code. Then, a result of coding
is output which is the fixed length code to which a control
code and a first mode code are added. “1” is used as a
first mode code.

If either step 610 or step 609 is performed, in a
subsequent step 611, it is decided whether an input event
processed 1s a last input event or not, and if the event
is the last one, the coding process is completed in step
612. On the other hand, if the event is not the final one,
the operation returns to step 602 after j is incremehted
by 1 in step 613, whereby a next input event is processed
similarly. Thus, the process is continued to the last
non-zero coefficient.

In the second embodiment, transformation is performed
using an Offset corresponding to a Level of an input event
to generate a transformed input event. As in the first
embodiment, the Offset may take a fixed value or a variable
value corresponding to a set of a Last and a Run. In this
embodiment, used as an Offset is the maximum Level value

corresponding to each set of (Last, Run) obtainable from



zero coefficient (Level). Further, Last is added which is the information
i ndi cating whether a transform coefficient represented by Level is the |ast
coefficient in a block or not. An event thus forned which consists of
(Last, Run, Level) is treated as an input event which is an object to be
processed by the variable Iength coder 21 1. Followng the initiation of
the process in step 101, a j-th input event is obtained in step 102. In
step 103, ecorpasrsiablies]peapittr sedebeiveenHdwn inpoigavest lanthmougher ence
event present in a variable length code table in the variable | ength coder

211. As forathenventhhd evdengiaht cedeetablr fidie (Laklgsrah)f+gWes) 19 to 22
used in the prior art are used, and conparison is perfornmed with each

reference ewayet nel gdedri nLkle,t &g and(@pnp} shhagogirsEast .4 Ragr Level ).
In step 104, it is decided whether a reference event having a matching

(Last, Run,(1lsemel )ruS) found, iy the above conparison process or not. Wen it
| is decided in step 104 that the reference event is found, step 105 is

-perfornmed, and wog8ihbrire M@ Jeybhpei6R 196ghiveReIdOTdRIecding
process to the coded data obtained in the image coding
process illustrated in the second embodiment. The
configuration of the image decoding apparatus according
to the second embodiment is identical to that of the first
embodiment, and thus figure 4 will be used for the
description.

Figure 7 is a flowchart showing the procedure of a
variable length decoding method according to the second
embodiment. The image decoding process according to the
second embodiment differs from that of the first
embodiment only in the process of the variable length
decoder 408 shown in figure 4, and thus the operation by
the variable length decoder 408 in the decoding process
is described below with reference to figure 7.

Steps 701 though 704 are performed in the same manner
as steps 501 through 504 according to the first embodiment
(see figure 5), and then decision process is performed
in step 705. If it is decided in step 703 that a control
code is found, a decision process is performed to know

whether a next one bit subsequent to the control code is

E



this point, if-step 105 is performed, a variable |ength code 22
corresponding to the reference event ig7output, followed by step 111. On
the ofher hand, if step 106 is perfornmed, transformation process using a
prescribed function is perforned to the Level included in the input event
to generate a transfornmed i nput event. In step 107 which foll ows,
conparison is performed between a transforned i nput event and a reference
event as inmorhercease. ofTisdep i08helpi tstiep™ A0 st 0f6ol & s fotmed, deci ded
whether a matching reference event is found or not, and when a reference
event is femwidistepe 180t sspenfqrsxbp angig whenperformed.

If step 706 is performed, a set of (Last, Run, Level)
corresponding to an input variable length code is obtained
using a variable ‘length code table{ and transformation
process is performed using a prescribed function
corresponding to the Level value, and then the result of
the decoding is output. In the transformation process of
the second embodiment, a prescribed Offset is added to
an obtained Level value. The Offset value takes a
variable value corresponding to a set of (Last, Run), as
described above.

On the other hand, if step 708 is performed, an input
variable length code is decoded as a fixed length code
to regenerate coefficients. If any of steps 704, 706, and
708 is performed, in a subsequent step 710, it is decided
whether an input variable length code processed is the
last input variable length code or not, and if the code
is the last one, the coding process is completed in step
711. On the other hand, if it is not the last one, the
operation is returned to step 702 after j is incremented
by 1 in step 712, whereby a next input variable length
code is processed in the same manner. Thus, the process

is continued to the last variable length code.

As described above, in the image coding method



it is not: found, step 109 is perforned. At this point, if step 110 is

perforived,” a result of coding is outpuggwhich is the variable | ength code
corrgsponding to the reference event to which a second control code

uni quety set in advance is added, followed by step 111. On the other hand,
If step 109 is perfornmed, the coding process as shown in figures 23 is
performed to the input event to generate a fixed | ength code. Then, a

result of gedbR@iiny G4 ptiie Wokebnids e fineart | ehgt & madehtimgrhi ch a first
control code distinguishable fromthe second control code is added. If

ei ther stepeklQefcesStetfontddd acpepir@smlt im aavardpblll lwrigth faldews, it
I s deci ded whether an input event processed is a |last input event or not,
and i f thergy8Rt in the comparison process in steps 603 through 604,
transformation process is performed to an input event in
step 606, and in steps 607 through 608, comparison process
is performed using a transformed input event obtained,
as shown in figure 6; therefore, a rate of performing fixed
length coding in step 609 is reduced, and a possibility
that short codes are allocated in variable length coding
is increased due to use of a transformed input event,
resulting in improved total compression ratio of a result
of coding. Moreover, since a one-bit mode code is used
in step 609 or step 610 to make a distinction between fixed
length coding and a Level subjected to Offset process,
a merit is available that a total number of bits of the
result of coding can be reduced in comparison with the
case of the first embodiment where first and second control
codes are used.

Further, since the image coding apparatus according
to the second embodiment comprises the variable length
coder 211 performing the above-described coding method,
a result of coding with an improved compression ratio can
be obtained using a single variable length code table
whether the compression ratio of the compression coding

at the coder 203 is high or low.



23 is the |l ast one, the coding process is conpleted in step 112. On the
other’ hand, when the event is not the 3@st one, j is increnented by 1 in
step "113, and the operation returns to step 102, whereby a next input event
is processed in the same manner. Thus, the process is continued to the
| ast non-zero coefficient. In the first enbodi nent, a process of deduction
of an Offset value having a prescribed value is used as a prescri bed
function for olitaithegmarey anhkorimadye nprtodiegt metowdt kand npuagevent . Mre
specifically, a transformed input event is derived by deducing an O fset
fromthe vabuedehd empardttibeatapudieertio e i seporfierablodimendeduct an
O fset fromthe absolute value of Level and then append a sign code of
Level (poséhb¥@e performing appropriate decoding process
corresponding to the result of coding derived in the
x above-described manner to obtain reconstructed image.
Although in the second embodiment only one mode code
is used, two or more mode codes may be used to distinguish
plural modes. For example, a mode in which a value of a
run of zero is changed may be added as a third mode.
Although in the second embodiment a Level of an input
event is transformed to obtain a transformed input event
as in the first embodiment, it is possible to transform
a Run thereof. Further, although transformation process
is performed using an Offset here, other method may be

used such as multiplying a Level, subjecting to a quadratic

function, and changing a dynamic range.

Embodiment 3.

In an image coding method according to a third
embodiment of the present invention, transformation
process is performed to an event which is an object to
be coded, as in the first and second embodiments, and
coding efficiency can be improved by performing
transformation process repetitively.

Figures 8 are flowcharts showing the procedure of a



or negative). . The offset nmay be a single value, or it may have a variable
val ue torresponding to val ues of Last 4nd Run. In the first enbodi nent,
t hi s ‘can be obtained fromthe table of figures 19 to 22 in such a way that
t he ‘maxi num Level value for each set of (Last, Run) is used as an O fset
val ue: for exanple Ofset = 12 for (Last, Run) (0, 0) , Ofset = 6 for
(Last, Run) (0,1), and Ofset = 4 for (Last, Run) = (0,2). The variable
| engt h COdﬁaﬁiﬁ)ﬂJEeSm@mtﬂlﬂ ddcglmgasné.ehbo a2cozddmg atd etier secansf orm
coefficients having relatively high conpression ratio, and many of the
Levels  gfbbdcheded i Ant heageeiciimig ippahethabbd hane tInbtd val ues.

embodiment has the same configuration as that of the first

embodiment, too, and thus figure 2 will be used for the

description. v

The image coding process according to the third

embodiment differs from that of the first embodiment only

in the process by the variable length coder 211 shown in

figure 2, and thus a description is given of the operation

by the variable length coder 211 in the coding process

below with reference to figures 8.

In the flow of figure 8(a), steps 801 through 805 are

performed in the same manner as steps 101 through 105 of

the first embodiment. In the third embodiment, in the

transformation process in step 806, a first transformed

input event is obtained by transformation process using

a prescribed function. Here, the transformation process

is performed in the same manner as in the first embodiment,

and a first transformed input event is obtained by

deducting a prescribed Offset from a Level value included

in an input event. 1In this case, the maximum Level value

corresponding to each set of (Last, Run) available in the

variable length code table shown in figures 19 to 22 is

used as an Offset: for example, Offset = 12 for (Last,

Run) = {0,0), Offset = 6 for (Last, Run) = (0,1), and Offset

'I‘h1s Sheet Has Becn R laced
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Therefore,. for+an input event whose matching event is not present in the
tabl e, t he deduction process is perfor4ted to the Level value thereof to
obtain a transformed input event having a small Level value, thereby
increasing the rate of performng variable Iength coding as well as the
rate of using short codes allocated to the events having small Level val ues
in the table. Further, as a first control code, "0000011" is used which is
i dentical % A therEStastde Bttowr i lOfZhure 23 used in the prior art; as a
second control code, the ESC code repeated twice is used. Figures 3 are
di agranms illusinastag &Ranptespatishe iespérfotmedebesdieed aHELesthe codi ng
process according to the first enbodinent is conpared with the prior art
codi ng prdoesss fasmed fingurteseBniNoandt ai sedemsnder evvarnmatimnlededt havi ng
(Last, Run, Level) = (0, 0, 13) is

in the variable length code table, and in step 808,

decision is made based on the comparison. Ifit is decided ,,

in step 810 that a matching reference event is found, step

810 is performed, and if not found, the procedure shown

in figure 8(b) is performed. When step 810 is performed,

a result of coding is output which is a variable length

code corresponding to the reference event to which a

control code set uniquely in advance and a second mode

code are added, followed by step 811. Here, “0000011”,

which is identical to the ESC code shown in figure 22,

is used as a control code, and “0” is used as a second

mode code.

On the other hand, when the procedure shown in figure

8(b) is performed, a Run of an input event is transformed

using a prescribed function to derive a second transformed

input event. In the third embodiment, a prescribed value

Offset is deducted from a Run value to generate a second

transformed input event having a new Run Valué. In this

case, the maximum Run value corresponding to each set of

(Last, Level) in the variable length code table is used

as an Offset.

In step 822, comparison is performed between the



an obj ect to be coded. The variable |ength code table shown in figures 19
to 22 does .not have this set, (0, 0, 13%. Therefore, if the prior art
codi ng process shown in figures 23 is perfornmed as descri bed above, the
fixed | éngth coding process shown in figures 23 is performed as described
above, and ESC code is added to this to be output. Figure 3(a) shows the
result of this process, and 6 bjts 303 and 8 bits 304 both representing
Level s are S€C9BAdoGTanS Iamat iR Ut e VeBFt 80802 LK R6Be®HRALL bit 302
representing Last. Therefore, Levels are represented by 303 show ng
zero-run andR€hedefxés t8RgVR TG RBEARIMHUCOD® prhLear anfedli €8P n

total .
823, decision is made based on the comparison. If it is

decided that a matching reference event is found, step
824 is.performed; if it is not found, step 825 is performed.
If step 824 is performed at this point, a result of coding
is output which is a variable length code corresponding
to the reference event to which a control code and a third
mode code are added, followed by step 811 shown in figure
8(a). The third mode code is set to “10”.

On the other hand, if step 825 is performed, the coding
process shown in figures 23 is performed to an input event
to generate a fixed length code. Then, a result of coding
is output which is the fixed length code to which a control
code and a first mode code are added. The first mode code
is set to “11”.

If any step is performed from among step 810 and steps
824 and 825 shown in figure 8(b), in a subsequent step
811, it is decided whether an input event processed is
a last input event or not, and if the event is the last
one, the coding process is completed in step 812. On the
other hand, if it is not the last one, the operation is
returned to step 82 after j is incremented by 1 in step
813, whereby a next input event is processed similarly.

Thus, the process is continued to the last non-zero

. gt eMN
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On the other hand, in the result of the process according to the first
enbodi ment,  when the reference event cdhcerned is not present in the
variable length code table in steps 103 through 104 of the flow of figure
1, fixed length coding is not performed i mediately unlike the case of the
prior art, and transformation process and conparison are perfornmed again as
shown- in steps 106 through 108. In the transformation process,
t r ansf or matP@f ficirnt ormed by deducting Offset (= 12) fromthe Level val ue
13 to obtain a Level value of 1, thereby obtaining a transformed input
event, (0,0,1) Heyeinhblinri @ fdefawipBgiori heegiNenewdnta (de©ed}ngs provi ded
in the variable length code table, step 110 follow ng step 108 is
per f or med. PHosesforey tkeshodad daftiagwtetBi(hyd ihethesdmagsf adibirddi ng is
derived conprising a second control code 806 and a variable | ength code 807
correspondpmgctesss shown in the third embodiment. The configuration
of an image decoding apparatus. according to the third
embodiment is identical to that of the image decoding
apparatus of the first embodiment, and thus figure 4 will
be used for the description.

Figure 9 is a flowchart showing the procedure of a
variable length decoding method according to the third
embodiment. An image decoding process according to the
third embodiment differs from that of the first embodiment
only in the process by the variable length decoder 408
shown in figure 4, and thus a description is given of the
operation by the wvariable length decoder 408 in the
decoding process with reference to figure 9.

Steps 901 through 906 are performed in the same manner
as steps 701 through 706 of the second embodiment shown
in figure 7. When it is decided in step 905 that a target
bit is “1”, step 907 is performed in which decision process
is performed to know whether the subsequent one bit is
“0” or “1”. Then, if it is “0”, step 908 is performed,
and if it is “1”, step 909 is performed,

If step 908 is performed, a set of {(Last, Run, Level)

corresponding to an input variable length code is obtained



(0,0,1). .Therefore, in this case, 17 bits are required in total, which
nmeans' that "t he amount of code is reduc®d in conparison with the prior art
case requiring 22 bits. In the flow of figure 1, when a reference event
concerned is not present in the variable Iength code table 26 in the
conpari son process using the transformed input event, the process in step
109 is identical to that in the prior art. Therefore, in the first
enbodi ment psangwer starisatel e t hengbli Agdedd&mbilen avAdthe fr AP FAl%he can be
performed. Wen the | ength of code to which the second control code is
added i s | bhgeeottharttars fefmnahdoBodE OCE Skhilch RRRLPIIEE ¥6AMDI2 code i s
added, |ess nunber of bits

prescribed function, and then the result of decoding is

output. In the transformation process according to the
third embodiment, a prescribed (Offset +1) is added to
a resultant Run value.

On the other hand, if step 909 is performed, an input
variable length code is decoded as a fixed length code
to regenerate coefficients. Ifanyof steps 904, 906, 908,
and 909 is performed, in a subsequent step 910, it is
decided whether an input variable length code is a last
input variable length code or not; if it is the last one,
the coding process is completed in step 911. On the other
hand, if it is not the last one, the operation is returned
to step 902 after j is incremented by 1 in step 912, whereby
a next input variable length code is performed in the same
manner. Thus, the process is continued to the last
variable length code.

As described above, in the image coding method
according to the third embodiment, if a reference event
concerned is not found in a variable length code table
in the comparison process in steps 803 through 804 as shown
in figure 8(a), transformation process is performed to
an input event in step 806, and comparison process is

performed using a resultant first transformed input event



can be obtained by coding with a first control code and a fixed |ength
code. Herejnafter a description is gi v&h of a decoding process to the coded
dat a.obt ai ned by the i mage codi ng process according to the first

enbodi nent. Figure 4 is a block diagramillustrating the configuration of
an i mage decodi ng apparatus according to the first enbodinent. As shown in
figure 4, the ina%e d%coding appar atus_according to the first enbodi nent
conpri ses: *R HRERSafAyFEr M) D Hh adeRrCbBI BeESrRRNSe SVER h
decoder (VLD) 408, a decoder 403, a frame nmenmory (FM 409, and a notion
conpensat o} S (REF £PRRGnP i #he ckariableodSsR afdht £B¢ chabPsead tofitd of
decodi ng process froman input term nal 401 and outputs decoded data which
i s the apphiBfus tO® RROGIS S hehPWRgeNdEESMTRy Bdpar b uBCFESFIES Jutt put

termnal 407. Further, the .
which transformation process is performed to an input

event in step 821, and in steps 822 through 823, comparison
process is performed using a resultant second transformed
input event; therefore, by performing step 824, a rate
of performing fixed length coding is further reduced in
comparison with the respective rates of the first and
second embodiments, and a possibility that short codes
are allocated in variable length coding is further
increased, resulting in improved total compression ratio
of a result of coding.

Further, since the image coding apparatus of the third
embodiment comprises a variable length coder 211
performing the above-described coding method, a result
of coding having an improved compression ratio can be
obtained by using a single wvariable length code table
whether the compression ratio of the compression coding
in-the coder 203 is high or low.

Furthermore, according to the image decoding method
and image decoding apparatus of the third embodiment,
appropriate decoding process can be performed
corresponding to the result of coding derived in the

above-described manner, to obtain reconstructed image.
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decoder ;403 contains an inverse quantizer (1Q 404 and an inverse discrete
cosine, transformation unit (1 DCT) b6 405. As for the inmge decoding
apparatuys of the first embodi ment which is constructed above, a description
is given of the operatlon for perform ng the decoding process to coded data
whi ch has been conpressi on-coded by the image codi ng apparatus shown in
figure 2. Coded data as an object to be processed is input to the input
termnal 401 , and then anal yzed by the data anal yzer 402 to derive a

vari able I ength code according to quantized transform coefficients, and the
codes of thé&mbodiment 4.

An image coding method according to a fourth
embodiment of the present invention is intended for
increasing a chance of using variable.length code table
by a comparison process using plural variable length code
tables, thereby improving coding efficiency.

Figure 10 is a flowchart showing the procedure of a
variable length coding method according to the fourth
embodiment. An image coding apparatus of the fourth
embodiment has the same configuration as that of the first
embodiment, and thus figure 2 will be used for the
description.

AP
("i_{v'f (N

An image coding process according to the second
embodiment differs from that of the first embodiment only
in the process by the variable length coder 211 shown in
figure 2, and thus a description is given of the operation
by the variable length coder 211 in the coding process
below with reference to figure 10. Here, first and second
variable length code tables are used in the coding process
according to the fourth embodiment. As for the first
variable length code table, the tables shown in figures
19 through 22 are used as in the first to third embodiments.

As for the second variable length code table, on the other

hand, a table different from the first variable length
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side informati-on including quantization scale and notion vector. Anpbng
them the quantization scale and the vafi abl e |l ength code of the quantized
transformcoefficients are transmtted to the variable |ength decoder 408
thrqugh a line 412, and the notion vector.to the notion conpensator 410
through a line 418 In the variable |l ength decoder 408, the variable
| ength code of the quantized transformcoefficients is decoded into
t r ansf.or m €66¥fef itakeke sipyupefer ANy 1Mo tHes Va2 $abl BSEEndtsh tRiePR@bl e, and
then the coefficients are rearranged to obtain conpressed difference bl ocks
and the bl sompared ot phe sots hedmodavelpyalues nRelassoeRan4od - t he
conpressed difference block is expanded to generate a difference block. In
t he decodeAs4@® sofrilhedf absveenbodithentfou riier smbqdamentat ilonfirst
variable length code table in which most of Level values
are less than ten is used, whereas a second variable length .
code table is used including the Level values equal to
or more than ten; that is, it is preferable to use a second
variable length table composed of the reference events
not included in the first variable length table.
Following the initiation of the process in step 1001,
a j-th input event is derived in step 1002. 1In step 1003,
comparison is performed between the input event and a
reference event included in a first variable length code
table in the variable length coder 211. Next, instep 1004,
it is decided whether a reference event having a matching
set of (Last, Run, Level) is found or not in the comparison
process. Ifitisdecidedin step 1004 that such reference
event is found, step 1005 is performed; if it is not found,
step 1006 is performed. If step 1005 is performed at this
point, a variable length code corresponding to the
reference event is output, followed by step 1010 which
will be described.
If step 1006 is performed, on the other hand,

comparison is performed between the input event and a

reference event included in a second variable length code



I's perforned using a quantization scale in the inverse quantizer 404, and
t he inverse. discrete cosine transforne4s on unit 405 perforns transformation
to the result so that a frequency-domain signal is transforned to a spati al
domain signal. This signal is output as a difference block to an adder
406. On the other hand, in the notion conpensator 410 receiving the notion
vector as an input, an address is generated based on the notion vector, for
use to accesisla.frahenpednr s t430,1 G0, withisedpedtieid wHethemge stored in
the frame nenory 409, a predicted block is generated. The predicted bl ock
gener at ed tsfenépue kevdnte lodditg 408t vheneg gddist oy pchesels f[er f or ned
between it and the difference bl ock obtai ned by expansion to generate a

found or not in the comparison process. If it is decided

in step 1007 that the reference event is found, step 1008

is performed;andif it is not found, step 1009 is performed.

If step 1008 is performed at this point, a variable length

code corresponding to the reference event is obtained,

and a control code set uniquely and a second mode code

are added to the code and output, followed by step 1010

which will be described later. In this case, “0000011”,

which is identical to the ESC code shown in figure 22,

is used as a control code, and “0” is used as a second

mode code.

If step 1009 is performed, on the other hand, the

¢oding process shown in figures 23 is performed to an input

event to generate a fixed length code. Then, a result of

coding is output which is the fixed length code to which

a control code and a first mode code are added. ™17 is

used as a first mode code.

If any of steps 1005, 1008,and 1009 is performed, in

a subsequent step 1010, it is decided whether an input

event processed is a last input event or not, and if it

is the last one, the coding process is completed in step

1011. On the other hand, if it is not the last one, the

operation is returned to step 1002 after j is incremented



reconstructed bl ock. The inmage thus reconstructed is output fromthe output
term nal 407 as the output of the inmag&9decodi ng apparatus, as well as to
the franme nenory 409 to be stored therein. Figure 5 is a flowhart show ng
the procedure of the variable | ength decoding nmethod by the variable I ength
decoder 408 Hereinafter a description is given of the operation of the
coefficient variable |Iength decoder 408 in the decoding process, wth
reference by fLhinfdiowp Af0F3 gwhereby @i healtl ynphtl dvenngi § et fotmadi on of
t he process 29 in step 501, a variable | ength code obtained based on

in the same manner. Thus, the process is continued to the

last non-zero coefficient.

Hereinafter a description is given of a decoding
process to the coded data obtained im.the image coding
process shown in the fourth embodiment. The
configuration of an image decoding apparatus according
to the fourth embodiment is identical to that of the first
embodiment, and thus figure 4 will be used for the
description.

Figure 11 is a flowchart showing the procedure of a
variable length decoding method according to the fourth
embodiment. An image decoding process according to the
fourth embodiment differs from that of the first
embodiment only in the process by the variable length
decoder 408 shown in figure 4, and thus the operation by
the variable length decoder 408 in the decoding process
will be described with reference to figure 11.

First of all, following the initiation of the process
in step 1101, a variable length code of quantized
transformed coefficients, which is a j-th object to be
processed, is input as an input variable length code. 1In
step 1103, it is decided whether the input variable length

code includes a control code or not; if the control code

is not included, step 1104 is performed, and if it is



guanti,zed transformcoefficients, which is a j-th object to be processed,
s input as an input variable Iength sode. In step 503, it is decided
whet her the input variable | ength code includes a control code or not, and
if it does not include a control code, step 504 is perforned; if it
I ncludes the code, step 505 is perforned. In the case where step 504 is
performed, that is, in the case where no control code is included, a set of
(Last, Runjndlevi¢q, corepsiioiiiirg pea ficrmddputln dhiecabbe el whetle sbdp i s
output by referring to the variable |ength code table, followed by step 510
whi ch wi |l 11100 descpebEdrinatier thét tilse dihdrheharadse ivhehe zasenthele step
505 is perforned, that is, in the case where a control code is included, it
i s deci dedcodetherndheineitudald,cadesets afsétasd,c®Rum,olLeoek) or not; if it
is the second control code, step 506 is perforned, and if it is not that
code, corresponding to the input variable length code is output
by using a first variable length code table, followed by .
step 1110 which will be described later.
When it is decided in step 1103 that the control code
is included, decision process 1s performed in step 1105
to know whether a next one bit subsequent to the control
code is “0” or “1”. Then, if it is “0”, step 1106 is
performed, whereas step 1108 is performed if it is “1”.
If step 1106 is performed, a set of (Last, Run, Level)
corresponding to the input variable length code is output
by using the second variable length code table, followed
by step 1110 which will be described later. If step 1108
is performed, on the other hand, decoding is performed
to the input variable length code as a fixed length code
to regenerate the coefficients.
If any of steps 1104, 1106, and 1108 is performed,
in a subsequent step 1110, it is decided whether an input
variable length code processed is a last input variable
length code or not, and if it is the last one, the coding
process is completed in step 1111. On the other hand, if

it is not the last one, the operation is returned to step

1102 after j is incremented by 1 in step 1112, whereby



step 507 i.s perforned. In the case where step 506 is executed, that is,
in the case, where the control code is & second control code, a set of
(Last, Run, Level) corresponding to the input variable length code is
obtai ned by using the variable I ength code table, and the Level val ue
thereof is transforned with a predeterm ned function and the result is
out put, followed by step 510 which will be described later. In the first

enmbodi menta nex8Q p Pt AaSSalof e Akt dith @ diedet proteed ed et lax 1per f or med,
the value of this Ofset varies according to a set of (Last, Run) as
descri bed 2hQ%6. theErd ke i NtendGeAUEY toSthoe L€ A MG YN S ATy 1D

code.

As described above, in the image coding method in
accordance with the fourth embodiment, first and second
variable length code tables are used, and if a reference
event concerned is not found in the first variable length
code table in a comparison process in steps 1003 through
1004, a comparison process can be performed with the second
variable length code table; therefore, a rate of
performing fixed length coding in step 1009 is reduced,
resulting in improved whole compression ratio of a result
of coding. According to the fourth embodiment, a
plurality of variable length code tables have to be
prepared, and by forming plural tables so that the events
included in one of the tables are different from those
in the other tables, coding efficiency can be improved.

Further, since the image coding apparatus of the fourth
embodiment comprises a variable length coder 211
performing the above-described coding method, it is
possible to obtain a result of coding having improved
compression ratio whether the compression ratio of the
compression coding by the coder 203 is high or low.

Furthermore, according to the image decoding method

and image decoding apparatus of the fourth embodiment,



the code shgwn'in figure 3 (b) . If it is decided in step 505 that it is a
second.control code, step 506 is perfofned. Therefore, a set of (Last, Run,
Level ) corresponding to a part of the code, "100", which is shown as 306 in
figure 3 (b), can be obtained by referring to the variable | ength code
table, and Ofset = 12 is added to this Level to regenerate the original
set, (Last, Run, Level) = (0,0,13). On the other hand, if step 507 is
execut ed, apprspabisdedeiscedinpepheoresise czontvolpenfiexrmeda first contro
code or not. If it is the first control code, step 508 is performed, but if
It not thecbrrespoonrtingt tode, resuls ovidercstiongl déptitrhd dantthed code ot her
than first and second control codes has been added. Therefore, in step 509,
t he decodi agopeedesrivesd appene or tan obitiadm precesstpgesedh iamdeet ting t he
user know that the decodi ng process
Although in the fourth embodiment two variable length

code tables are used, an arbitrary number of variable

length code tables may be prepared, and a corresponding

number of mode codes may be used to distinguish the plural

variable length code tables. Further, it is possible to

distinguish plural variable length code tables by

quantization scales.

Embodiment 5.

In an image coding method according to a fifth
embodiment of the present invention, a transformation
process using division process is performed to an event
which is an object to be coded, and then comparison is
performed with a variable length code table.

Figure 12 is a flowchart of the procedure of a variable
length coding method according to the fifth embodiment.
An image coding apparatus according to the fifth
embodiment has the same configuration as that of the first
embodiment, and thus figure 2 will be used for the
description.

An image coding process according to the fifth

embodiment differs from that according to the first



I's stopped. On the other hand, in the case where step 508 is perforned,
that is, in the case where it is a firsgy control code, it is decoded as a
fixed |l ength code to regenerate coefficients. If any of the steps 504, 506,
and 508 is perforned, 31 in step 510 which follows, it is decided
whet her the processed input variable |ength code is the |ast one or not,
and if it is the |last one, the coding process is conpleted in step 511. On
t he ot her babddirent ond ynbh theeplkaseserney thirevapiabdilieohengthetaderd t o
step 502 after j is increnented by 1, whereby a next input variable length
code is proatassatbwm imefsgueenannand Bhiss 4 hteprotpsion is given

of the operation of the variable length coder 211 in the

coding process below with reference to figure 12.

Following the initiation of the process in step 1201, a

j-th input event consisting of (Last, Run, Level) is

obtained in step 1202. Then, in step 1203, transformation

process is performed to the input event using division

process., In the transformation process, division is

performed to the Level value included in an input event,

using a divisor decided based on a gquantization scale,

to derive a quotient of the Level. Figures 13 are diagrams

illustrating relations between guantization scale and

divisor. PFigure 13(a) shows an example of setting with

respect to the relation between them, and indicates that

a divisor is set to 2 when a quantization scale ranges

from 1 to 7, and a divisor is 1 when a quantization scale

is identical to or more than 8. This means that if a

guantization scale is equal to or more than 8, division

is not carried out. Figure 13(b) shows another example

of setting with respect to the relation between them, and

as shown in the figure, it is possible to classify

gquantization scales into three classes and decide a

divisor corresponding to each class.

Quantization process is basically adivision process,



is continued to the |ast variable | ength code. As described above,
according tio the first coding nethod @4 the first enbodi nent, as shown in
figure 1, if the reference event concerned is not included in the variable
| ength code table in the conparison process in steps 103 through 104, the
transformation process to the input event is performed in step 106, and in
steps 107 through 108, conparison process is perfornmed with the resultant

t ransf or machd gpehtevent triEnarfefon eoctfite didet oft qred frar awg &i Xergéengt h
coding in step 109 can be reduced, and the possibility that short codes are

al | ocat edvian weara sibd eqghgngti R aeadinnGd£l ¢ neeensadely widuwyrdiwglyansfor nmed
I nput event, resulting in inproved conpression ratio of the result of

codi ng aswhethQlre.evatt hied ,gShd€£tehe tRROEeqRdl RGlapPaArAisded {1he first

enbodi nent conprises the variable | ength coder 211
the event is often large. The variable length code table
shown in figures 19 through 22 is formed so that it is
suitable for the coefficients having a relatively high
compression ratio, and includes many events having small
Level values; therefore, amatching rate for the reference
events included in the table is reduced and a rate of
performing variable length coding is also reduced,
resulting in degraded coding efficiency. Therefore, in
the fifth embodiment, when the quantization scale is small,
division is performed to a Level to generate a transformed
input event having a small Level value which is used for
comparison process, thereby improving a rate of
performing variable length coding and increasing a
possibility that short codes are allocated.

After the quotient of the Level is derived, in step
1204, comparison is performed between (Last, Run,
quotient of Level) of the transformed input event and a
reference event included in a variable length code table,
and in a subsequent step 1205, decision process is carried
out according to the result of the comparison. If it is
decided in step 1205 that such reference event is found,

step 1206 is performed; if it is not found, step 1208 is



performng the above-descri bed coding nethod, a result of coding with a
hi gh conpression rati o can be obtai neds 32 by using a single variable
| engt-h code tabl e whether the conpression ratio of the conpression coding
in the coder 203 is high or Iow. Furthernore, the i mge decodi ng nmethod and
| mage decodi ng apparatus according to the first enbodinent are able to
perform appropriate decodi ng process according to the result of coding
obt ai ned ipetfiermddve- descri bed manner to obtain reconstructed inmage.
Al though it is described that, in the coding process depicted in the first
enbodi ment, di $€retepcdli0deis performed, the variable length code
for the reference event concerned is output, and in a
subsequent step 1207, the remainder of the Level is
subjected to fixed length coding and:.the result of the
coding is output as an input auxiliary code. The code
length of the remainder of the Level is changed depending
on a divisor. For example, in the case of the setting
shown in figure 13(a), the bit length of a remainder is
set to 1 when a divisor is 2, and the bit length of the
remainder is set to 0 when the divisorisl. Inother words,
when a divisor is 1, a remainder is actually not coded.
If steps 1206 through 1207 are performed, a variable length
code and an input auxiliary code are output as the results
of coding.

On the other hand, if step 1208 is performed, fixed
length coding process is performed to an input event to
generate a fixed length code. Then, the result of the
coding is output which is the fixed length code to which
a control code is added.

After performing steps 1206 through 1207 or step 1208,
in a subsequent step 1209, it is decided whether an input
event processed is the last input event or not, and if

it is the last one, the coding process is completed in

step 1210. On the other hand, if it is not the last one,
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transformation is perforned for conpression coding, waveform codi ng such as
wavel et codi ng may be applied insteadsef it and enables perform ng the sane
codi ng process. Further, although in the coding process described in the
first enbodiment, a Level value of an input event is transforned in the
transformation process for the input event, a Run value of the input event
may be transforned instead. In this case, the maxi num Run val ue
corr espontiheg dpe tditel set i 6f refashed evelgtep 220B adfterencelevent in the
variable length code table of figures 19 to 22 is used as an O fset val ue,
and (O f sétcirelentseddniudt éa 5tep 12l Ruwmheakbg afnext inputt eveerhtt 0 obt ain
a transfornmed i nput event. The transformati on process may al so be perforned
by ot her ud®st pad Sabedsinukhieplsyimeg mardreyel VEHwe, the process is
continued to the last non-zero coefficient. Hereinafter
a description is given of a decoding process to the coded .
data obtained by the image coding process shown in the
fifth embodiment. The configuration of an image decoding
apparatus according to the £fifth embodiment is identical
to that of the first embodiment, and thus figure 4 will
be used for the description.

Figure 14 is a flowchart showing the procedure of a
variable length decoding method according to the fifth
embodiment. An image decoding process according to the
fifth embodiment differs from that of the first embodiment
only in the process by the variable length decoder 408
shown in figure 4, and thus a description is given of the
operation by the variable length decoder 408 in the
decoding process below with reference to figure 14.

First of all, following the initiation of the process
in step 1401, a variable length code of quantized transform
coefficients, which is a j-th object to be processed, is
input as an input variable length code in step 1402. Since
the result of coding including an input auxiliary code

is obtained as described in the image coding process of

the fifth embodiment, the input auxiliary code is also



33 or a Run.value, perform ng a process using a quadratic function, or
changing a dynamc range. It is also pdssible to transforma Level or a Run
in a variable length code table with a prescribed function and then perform
conpressi on process, in place of performng a prescribed function to a
Level or a Run of an input event. As described above, when a Run value is
transforned in coding process instead of a Level value, (Ofset + 1) is
added to timpRurtogé tee subi eotBe tva nisah bl led griytdode@sdahgobdegéner at e an
original Run value. In this case, the Ofset value is the maxi num Run val ue
correspondimppet pracsesisedf atlidsis ploavd].) , Iasstrpl bi 03d iabdsededliiedugh in
the first enbodi nent a description is

whether the input variable length code includes a control

code or not; if it is included, step 1404 is performed,

and if it is notdincluded, step 1405 is performed. In the

case where step 1404 is performed, that is, in the case

where the control code is included, the input wvariable

length code is decoded as a fixed length code to regenerate

and output coefficients, followed by a subsequent step

1408 which will be described.

On the other hand, in the case where step 1405 is

performed, that is, in the case where the control code

is not included, a set of (Last, Run, Level) corresponding

to the input variable length code is derived by using a

first variable length code table, and then step 1406 is

performed in which transformation process is performed

by multiplying the derived Level value with a prescribed

value. The prescribed value is decided based on a

gquantization scale, and in this case, the value shown in

figures 13 is used corresponding to the coding process.

Then, in step 1407, the input auxiliary code is subjected

to fixed length decoding to obtain a remainder of the Level,

and the remainder is added to a product derived from the

transformation process in step 1406 to obtain a correct

Level value, and the set of (Last, Run, Level) in which



given of the procedures of the coding and decoding processes with reference
to the flowcharts of figures 1 and 5, &fe coding and decodi ng processes are
not limted to these procedures, and the procedures enabling the sane
processes can al so inprove coding efficiency and inplenent a suitable
decodi ng process to the result of the coding. Enbodinent 2. In an inmage
codi ng net hod according to a second enbodi nent of the present invention,

transformathes preaagssvaBupeibonged e anEmentaastae ekjsacit tof be coded,
34 as in the first enbodi nent, and the nunber of bits can
decoding.

After performance of step 1404 or steps 1405 through
1407, in a subsequent step 1408, it is decided whether
an input variable length code processed is:a last input
variable length code or not; if it is the last one, the
coding process is completed in step 1409. On the other
hand, if it is not the last one, the operation is returned
to step 1402 after j is incremented by 1 in step 1410,
whereby a next input variable length code is processed
in the same manner. Thus, the process is continued to the
last variable length code.

As described above, in the image coding method
according to the fifth embodiment, as shown in step 1203
of figure 12, transformation process is performed in which
division is performed to the Level value included in an
input event which is an object to be processed, using a
number decided based on a quantization scale, and in step
1204, comparison process is performed using a transformed
input event which has been subjected to the transformation
process; therefore, a matching rate for reference events
included in a variable length code table is increased and
a rate of performing fixed length coding in step 1206 is
reduced, and a possibility that short codes are allocated

in variable length coding is increased as well by using



be reduced by ‘usi ng node code. Figure 6 is a flowhart show ng the
procedure of a variable |ength codi ngsgethod according to the second
enbodi ment. The inmage codi ng apparatus of the second enbodi nent al so has
t he -sanme configuration as that of the first enbodi nent, and thus figure 2
will be used for the description. The inmage codi ng process according to the
second enbodi nent differs fromthat of the first enbodinent only in the
process by tiervaislabl enbehgidodzgdere 231t Showini Amfpirgured 2codbdgt hus a
description is given of the operation by the variable | ength coder 211 in
t he codi ngfFiackesschpel ow with reference to figure 6. Steps 601 through 608
are perforned in the sane manner as steps 101 through 108 in the first
enbodi nent, angurBhekePs 1A8e AL HiagR ¢SdNBHG PSS QB & ¢RRPAL FERAN bet ween
embodiment comprises a variable length coder 211
performing the above-described coding method, it is
possible to obtain a result of coding having improved
compression ratio by using a single variable length code
table whether the compression ratio of the compression
coding by the coder 203 is high or low.
Furthermore, according to the image decoding method
and image decoding apparatus of the fifth embodiment,
appropriate decoding process can be performed
corresponding to the result of coding derived in the
above-described manner to obtain reconstructed image.
Although in the fifth embodiment it is described that
transformation process is performed to Level included in

an event, the transformation process may be performed to

Run in place of Level.

Embodiment 6.

In an image coding method according to a sixth
embodiment of the present invention, in place of an input
event, transformation process is performed to a reference
event, and then comparison is performed.

Figure 15 is a flowchart showing the procedure of a



a transforned i nput event and a reference event of a variable | ength code
table., If it is decided that there is @ matching reference event, step 610
is performed; if such event is not found, step 609 is perforned. If step
610-is performed, a result of coding is output which is a variable length
code corresponding to the reference event to which a control code set

uni quely in advance and a second node code are added, followed by step
35 611. Heraxrialpbeodenrgtbwaiashing mefehedcakcos dime D ‘@b@lef)&ﬁﬁ%jw’ﬁgure
22, is used as a control code, and "0" is used as the second node code. On
the ot her erbimenst epAaogmagep@pﬂ@me@pptalr@tabsjuc'ncgcordlng to the

e

fifth embodlment also has the same configuration as that

O,
e

o
of the first embodiment, and thus figure 2 will be used

T

for the description.
An image coding process according to the fifth

[,

embodlment differs from that of the flrst embodiment only

e

s,

in the process by the variable length coder 211 shown in
figure 2, and thus a description is given of the operation
by the variable length coder 211 in the coding process
below with reference to figure 15. Following the
initiation of the process in step 1501, in step 1502, a
j~th input event consisting of (Last, Run, Level) is
obtained. A gquantization scale used in gquantization
process is also input. In step 1503, an i-th reference
event is taken from a variable length code table, and in
step 1504, the reference event is subjected to
transformation process to generate a transformed
reference event.

In the sixth embodiment, as the transformation
process, an Offset, which is set according to the
guantization scale input in step 1502, is added to a Level
value included in a reference event. In this case,
setting is performed in such a way that Offset = 5 when

quantization scale is 1 or 2, Offset = 4 when quantization

This Sheet Has Been Replaced ‘ THIS SUEET HAS BEEN
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process shown in figures 23 is performed to an input event to generate a
fixed length code. Then, a result of ceding is output which is the fixed

| ength code to which a control code and a first node code are added.

used-as a first node code.

n 1"

If either step 610 or step 609 is perforned,

is
in

a subsequent step 611, it is decided whether an input event processed is a

| ast input event or not, and if the event is the |last one, the coding

process isse@l@ eted3 i drstepodiietOr thavidéhequnndzaitli dheseveatiss not
one, the operation returns to step 602 after j is increnmented by
1 in step 6l3r syherfdyet=Exhdmpubnevieniticn peadessed’ Bl avfFseThus,
process is continued to the | ast non-zero coefficient. In the second
enbodi nent = tIr afsdOr gRahenzas iper fsyyamrd Usi 9goan1 0 f seld A Fsspoadong to a
Level of an input event

the final

when quantization scale is equal to or more than 11. For
example, in the case where an event as .an object to be
coded is (Last, Run, Level) = (0, 1, 6), if transformation
process to reference event is not performed, this means
that a matching reference event is found in the reference
events shown in figure 19; a code corresponding to it is
used, and the result of coding obtained is 13 bits. On
the other hand, in the case where gquantization scale is
4 and the same event is used as the object, a transformation
process in which 4 is added to the Level value is performed
to all of the reference events; a variable length code
corresponding to the reference event (0, 1, 2) shown in
figure 19 is used and thus 7 bits are obtained, which means
that 6 bits are saved in comparison with the case in which
the above-described transformation process is not
performed. Therefore, adding an Offset to the Level of
a reference event is identical to a method of deducting
an Offset from the Level of an event (Last, Run, Level)
which is an object to bé coded and comparing it with each
set of a variable length code table.

As described in the fifth embodiment, since a value

of a quantized coefficient tends to increase as a

t he



to generate a transfornmed input event. As in the first enbodi ment, the

O fset, my take a fixed value or a vargable value corresponding to a set of
a Last and a Run. In this enbodinent, used as an Ofset is the maxi num
Level value corresponding to each set of (Last, Run) obtainable from 36
the variable |l ength code table shown in figures 19 through 22, in such a
way that Ofset = 12 for (Last, Run) (0,0), Ofset = 6 for (Last, Run) =

(0,1), andq@bh%qlzatfod 0schLastiecRemkes (Qa Zﬁre%@éﬁbpab&emrﬁi&esﬁil ption is
gi ven of a decoding process to the coded dat a ained in the i mage codi ng
process il byahrahgdihg 4 N8 rgrcoede EROdidBRbeall®is also increased.

On the other hand, the variable length code table shown

in figures 19 through 22 is suitable for coefficients

having a high compression ratio, and include many events .

having small Level values. Therefore, adding an Offset

to a Level value included in a reference event can raise

a rate of performing variable length coding using short

codes, thereby improving the compression ratio.

In step 1505, decision process is performed based on

the result of the comparison in step 1504. If the decision

in step 1505 shows a match, step 1507 is carried out after

the performance.of step 1506, where a variable length code

corresponding to the i-th reference event is output,

followed by step 1509 which will be described later. On

the other hand, if no match is found, step 1507 is

performed.

In step 1507, it is decided whether the i-th reference

event is a last reference event included in the variable

length cod table; if it is the last reference event, step

1508 is performed. If it is not the last reference event,

the operation is returned to step 1503 after i is

incremented by 1 in step 1512, and the following steps

ending with the decision in step 1507 are performed again.

By the processes in steps 1503 through 1507, the



configuration-of the inmage decoding apparatus according to the second
enbodi ment (is identical to that of the&3first enbodi ment, and thus figure 4
will .be used for the description. Figure 7 is a flowhart show ng the
procedure of a variable | ength decodi ng nethod according to the second
enbodi ment. The i mge decodi ng process according to the second enbodi nent
differs fromthat of the first enbodinent only in the process of the

vari abl e lcengidr decw dert widdn shbwoh iimpfitgerent, amdid tafisreheecopeenti on by
the variable |l ength decoder 408 in the decoding process is described bel ow
with referderdaidedfigutie’ vaStiens o Qeddiobigbod84 tabd eperd areeelat adt he sane
manner as steps 501 through 504 according to the first enbodi nent (see

figure 5) uradid tenddedissicanipr 9E€ps1 3 G5 pridw redatahsbepwéen. thémit is
decided in step 703 that a control
or it is decided in step 1507 that the treated event is
the last one. In.other words, the comparison is continued
until variable length coding is performed or the last one
of the variable length code table is compared.

In the case where it is decided in step 1507 that the
treated event is the last one, that is, in the case where
the comparison using the table is completed for the j-th
input event, it is found that variable length coding cannot
be performed and in step 1508, fixed length coding is
performed to the input event to output the result of the
coding with a control code, followed by step 1509.

In step 1508 performed subsequent to step 1506 or step
1508, it is decided whether an input event processed is
a last input event or not; if it is the last one, the coding
process is completed in step 1510. If it is not the last
one, on the other hand, the operation is returned to step
1502 after j is incremented by 1 in step 1511, whereby
a next input event is processed in the same manner., Thus,
the process is continued to the last non-zero coefficient.

Figure 16 is a block diagram illustrating the inner

configuration of the variable length coder (211 in figure

2) used in an image coding apparatus according to the sixth



code is found, a decision process is performed to know whether a next one
bit subsequent to the control code isé4 37 "0" or "1". Then, if thebit is
"'0", step 706is perfornmed, and if the bit is "1", step 708 is perforned.

If step 706 is performed, a set of (Last, Run, Level) corresponding to an

I nput variable length code is obtained using a variable' Iength code table,
and transformati on process is performed using a prescribed function

cor r espongibgdimenite dfevidle vat eisenandntvieat itdre. r @sulsho¥nt e db8e€oding is
output. In the transformation process of the second enbodi nent, a

prescri befliighteet the sddddiitle dreroptlicmdetevehpyvabae.: Thwacdkfeddte val ue

takes @ length code table 1601, a Level transformation unit 1602,
a comparator 1603, a fixed length coder 1604, and a switch
1605, and receives an input event and a quantization scale
as inputs and outputs a result of coding.

_ The variable length code table 1601 is shown in
figures 19 through 22. The Level transformationunit 1602
receives a quantization scale and a reference event as
inputs and transforms a Level value of the reference event
corresponding to the quantization scale to generate a
transformed reference event. The comparator 1603
performs comparison process between an input event and
the transformed reference event and outputs a control
signal according to the result of the comparison. The
fixed length coder 1604 performs fixed length coding
process to an input event when it is input, and outputs
the result of the coding. The switch 1605 performs
switching according to an output from the comparator 1603
and outputs, as a result of coding, one of an output from
the variable length code table 1601 and an output from
the fixed length coder 1604.

Hereinafter a description is given of the operation
of the variable length coder thus constructed,

corresponding to the flow of figure 15. In step 1502 of



variabl e val ue corresponding to a set of (Last, Run), as described above.
On the other hand, if step 708 is perfegned, an input variable |ength code
is decoded as a fixed |length code to regenerate coefficients. If any of
steps 704, 706, and 708 is performed, in a subsequent step 710, it is

deci ded whether an input variable | ength code processed is the | ast input
vari able length code or not, and if the code is the | ast one, the coding

process isthonplewedfi Figheqe 765l “hed he qidetibaddoni tdalle sintart he | ast
one, the operation is returned to step 702 after j is increnented by 1 in

step 712, whApuebgvanmexk jPpHtoNE) iadd drdmngtds ebdevatipbleedseditm the
sane manner. Thus, the process is continued to the |last variable |ength
code. As desg@eibediabewerigiriehe)i nepe §adhngzarRtikedscale is input
to the Level transformation unit 1602 through a line 1611
and the input event is input to the comparator 1603 through
a line 1612. 1In step 1503 of the flow of figure 15, the
Level transformation unit 1602 derives a reference event
(an i-th one) from the variable length code table through
a line 1613, performs transformation process to the Level
value included in the reference event using the input
quantization scale, and outputs a resultant transformed
reference event to the comparator 1603.

In step 1505 of the flow of figure 15, comparison
process and decision process are performed by the
comparator 1603. The comparator 1603 performs comparison
process between the input event and the transformed
reference event which are input, and decides whether these
events match or not. If the decision is “matching”, the
comparator 1603 sends a control signal to the wvariable
length code table 1601 through a line 1615 so that a code
corresponding to the i-th reference event is output, while
sending a control signal to the switch 1605 through a line
1617 so that the output from the variable length code table
1601 is output from the switch 1605. Therefore, i1f the

decision in step 1505 shows “matching”, in step 1506 of



38 according to the second enbodi nent,

i f a matching reference event

i S not

present in a variable length code tabbk@ in the conparison process in steps
603 through 604, transformation process is perfornmed to an input event in

step 606, and in steps 607 through 608,
using a transforned i nput event obtained, as shown in figure 6;
a rate of performng fixed length coding in step 609 is reduced,

conpari son process is perforned
t her ef ore,
and a

possi bi | i thet Fatows e tficnues b9 ¢ &l vachablei hengthaltosid drgtdmt@att ng i s

i ncreased due to use of a transformed input event,
confpressitdre rattpubf laneed W20 off coué ngwitbhede€d,. since a one-bit

t ot al

resulting in inproved

node code is used in step 609 or step 610 to nake a distinction between

fixed

On the other hand, if it is found in the comparison
process by the comparator 1603 that those events do not
match, a next reference event (i + 1-th one) is input from
the variable length code table 1601 to the Level
transformation unit 1602, in response to a control signal
through the 1line 1615. 1In the flow of figure 15, the steps
starting with step 1503 are performed again after “i” is
incremented in step 1512.

When it is checked from the decision in step 1507 that
the comparison process is completed for the last one of
the variable length code table, the comparator 1603
outputs the input event (the j-th one) to the fixed length
coder 1604 through a line 1618, while sending a control
signal to the switch 1605 through a line 1617 so that the
output from the fixed length coder 1604 is used as a code
from the switch 1605.

In 1508 of the flow of figure 15, the fixed length
coder 1604 performs coding process to the input event input
and outputs an obtained result of coding to the switch
1605 through a 1ine 1619. According to the control signal
from the comparator 1603, a fixed length code is output
from the switch 1605 through the line 1620.

Following the output from the line 1620, a next input



| engt h..codi ng '‘and a Level subjected to Ofset process, a nerit is available
that a total nunber of bits of the rediilt of coding can be reduced in
conparison with the case of the first enbodi nent where first and second
control codes are used. Further, since the inmage codi ng apparatus accordi ng
to the second enbodi nrent conprises the variable | ength coder 211 perform ng
t he above-described coding nethod, a result of coding with an inproved
conpf essi aventiis tapubceiobhtaghaethaiding 1652 ngibe nedry &bleepteagshesode t abl e
whet her the conpression ratio of the conpression coding at the coder 203 is
high or | ow inp89event in the flow of figure 15 is executed again.
The image coding according to the sixth embodiment
of the present invention is thus performed, whereas a
decoding process to the coded data obtained by.such image
coding is performed in an image decoding apparatus shown
in figure 4. An image decoding process according to the
sixth embodiment differs from that of the first embodiment
only in the process by the variable length decoder 408
shown in figure 4, and thus a description is given of the
decoding process by the variable length decoder 408 below,
with reference to figure 17 showing the inner
configuration thereof.
As shown in figure 17, the wvariable length decoder
comprises: a variable length code table 1701, a comparator
1702, a Level inverse transformation unit 1703, a fixed
length decoder 1704, and a switch 1705, and it receives
an input variable length code and a quantization scale
as inputs and outputs a result of regeneration derived
from the decoding process.
The variable length code table 1701 is shown in
figures 19 through 22. The comparator 1602 performs
comparison process between an input variable length code

and a reference variable length code and outputs a control

signal corresponding to the result of comparison. The

e
——
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Furthernmore, the inmage decodi ng net hod and i nage decodi ng appar at us
accordi ng t.o the second enbodi nent enadsl e perform ng appropriate decodi ng
process _corresponding to the result of coding derived in the
above-descri bed manner to obtain reconstructed i mage. Al though in the
second enbodi nent only one node code is used, two or nore node codes nmay be
used to distinguish plural nodes. For exanple, a node in which a value of a

run of zermevel changed oeir dres Bleiedt asnauhhir d 703lereAbioggh in the second
enbodi mrent a Level of an input event is transfornmed to obtain a transforned

i nput everjuastipathenf igedl €ndwdi sk felrenice ROssIDI £st onpugrsforma Run
thereof. Further, although transfornmation process is perforned using an

Offset hergrat BeEnEeLhed 1ARY dFe 3R eIUGH dsydel tim! vhagrarbevele

subjecting to a quadratic function, and changing a dynam c range.
event corresponding to the quantization scale to generate
a transformed reference event. The fixed length decoder
1704 performs fixed length decoding process to an input
va?iable length code when it is input and outputs the
result of the decoding. The switch 1705 performs
switching corresponding to the output from the comparator
1702 and outputs, as a result of regeneration, one of the
output from the variable length code table 1701 and the
output from the fixed length decoder 1704.

Hereinafter a description is given of the operation
of the wvariable length ﬁéder thus constructed. When a
quantization scale and ;n input variable length code are
input to the variable length decoder (408 in figure 4),
the quantization scale is input to the Level inverse
transformationunit 1703 through a 1line 1711, and the input
variable length code is input to the comparator 1702
through a line 1712. The comparator 1702 derives a
reference variable length code from the variable length
code table 1701 through a 1ine 1713 and performs comparison
between the input variable length code and the reference
variable length code.
If the result of the comparison is that these codes

—

-
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Enmbodi ment 3. 'In an image coding nmethod according to a third enbodi ment of
t he present invention, transformationgprocess is perforned to an event
which is an object to be coded, as in the first and second enbodi ments, and
codi.ng efficiency can be inproved by perform ng transformation process
repetitively. Figures 8 are flowharts showi ng the procedure of a 40
vari abl e | ength codi ng nethod according to the third enbodi nent. An i mge
coding appatahys thfe thepdyaitbemool yrddhas ddmt selves opnd 1 guis afheon as t hat

of the first enbodinent, too, and thus figure 2 will be used for the

descripti¢ariable length code table 1701 through a line 1714 so
that a reference event corresponding to the reference
variable length code is output, while sending a control
signal to the switch 1705 through a line 1717 so that the
code from the variable length code table 1701 is output
from the switch 17035,

From the variable length code table, a reference event

is input to the Level inverse transformation unit 1703
through a line 1715 to be subjected to transformation
process. The Level inverse transformation unit 1703
performs the inverse of the transformation process
performed for coding, corresponding to the Level included
in the reference event based on a quantization scale. 1In
the sixth embodiment, an Offset predetermined according
to a guantization scale is added to the Level value
included in a reference value. This is performed in such
a way that Offset = 5 when quantization scale is 1 or 2,
Offset = 4 when gquantization scale is 3 or 4, Offset =
3 when quantization scale is 5 or 6, Offset = 2 when
quantization scale is 7 or 8, Offset = 1 when quantization
scale is 9 or 10, and Offset = 0 when quantization scale
is equal to or more than 11. For example, when an input
variable length code is “0101000”, (Last, Run, Level) =

{0, 1, 2) 4is derived as a reference event from a table



The i mage codirng process according to the third enbodi ment differs from
that of the first enbodinent only in the grocess by the variable |length
coder 211 shown in figure 2, and thus a description is given of the
operation by the variable length coder 211 in the coding process below wth
reference to figures 8. In the flow of figure 8(a), steps 801 through 805
are perfornmed in the sane manner as steps 101 through 105 of the first
enbodi nent. Ighd¢ire ivhfi duerbbeli nettie Lewetlhéntreanefor ans formprtdeessnin st ep
806, a first ¢tansformed input event is obtained by transformation process

usi ng a prescrét®ddddot tentheHeeeelt hecl naesf Onnehi snrpreceasei svpars or ned
in the sane namaner as in the first enmbodi ment, and a first transforned

i nput event iinebt al feghbyifdpduchungta zprasal it dXises, faom eutpues val ue
included in an input event. In this case, the maxi num Level val ue

correspondi NcK® Swicdi sl péshlasto, Rup)epves @b eswitéhel vasi eRkeubangt h
code table shown in figures 19 to 22 is used as an O fset: for exanple,
O fset = 12 fPr1ine 1716. Then, corresponding to the control signal
from the comparator 1702, the switch 1705 outputs this
result as a result of regeneration through the line 1720.
When the decision shows “matching”, a variable length code
is output from the output line 1720 of the switch 1705.
On the other hand, when no matching variable length
code is found in the comparison process by the comparator
178§; the comparator 170% outputs the input wvariable
length code to the fixed length decoder 1704 through a
line 1718, while sending a control signal to the switch
1705 through the line 1717 so that a code from the fixed
length decoder 1704 is output from the switch 1705.
Thereby, a result of fixed length decoding is output from
the output line 1720 of the switch 1705.
Thus, according to the image coding method according
to the sixth embodiment, the transformation process shown
in step 1502 of figure 15 is performed to a reference event

AN
included in a variable length decode table; therefore,

© ——ee -

a rate of performing variable length coding and a rate
at which short codes are allocated are increased as in

the first embodiment where the same transformation
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(last, Run),=+0, 0), Ofset =6 for (Last, run) = (0, 1), and O fset 41
= 4 for (Last, Run) = (0,2). In step 80771 conparison is performed between a
first. transformed input event and a reference event included in the
variable length code table, and in step 808, decision is nade based on the
conparison. If it is decided in step 810 that a matching reference event is
found, step 810 is perfornmed, and if not found, the procedure shown in

figure 8 (b)piscpesfDsprakfihrad HepnBll éseper oy i Agrias ip rafvexbdi ng
is output which is a variable I ength code corresponding to the reference
event to whigbdangortffdlcicgiey set uniquely in advance and a second node

Further, since the image coding apparatus according
to the sixth embodiment comprises a variable length coder

' 211 having the inner configuration shown in figure 16 and
implementing the above-described coding method, a result
of coding having improved compression ratio can be
obtained using a single variable length code table whether
the compression ratio of the compression coding by the
coder 203 is high or low.

Furthermore, by the image decoding method and image
decoding apparatus according to the sixth embodiment,
appropriate decoding process can be performed
corresponding to the result of coding derived in the
above-described manner to obtain a reconstructed image.

Although in the sixth embodiment a method of adding
Offset is used as a transformation process to reference
event, the process is not limited to this method only and
other functions may be applied. For example, the
above-described effect can be obtained by the following
-methods: changing a ﬂultiple to a Level value according
to a quantization scale; subjecting to quadratic
function; and changing a dynamic range of a Level.

Further, as is illustrated in the description of the

transformation process to input event in the first



code are added; followed by step 811. Here, "0000011", which is identical
to the 'ESC code shown in figure 22, is used as a control code, and "0" is
used as a second node code. On the other hand, when the procedure shown in
figure 8 (b) is perforned, a Run of an input event is transfornmed using a
prescribed function to derive a second transformed input event. In the
third enbodi mnent, a prescribed value Ofset is deducted froma Run value to

generate a seg@PEALkARY! BENREL 1 R neyené r A Sl AeAEW, RUP 1\abugs il d hi s
case, the maxi mum Run val ue corresponding to each set of (Last, Level) in

the variabl e {gngthreode ﬁxaé%{éaféﬁné'ﬁfgnaﬁr%'&egsfst% a |¥a 56€P082Run of
conparison is perforned between th
a reference event, in place of a transformation process
to a Level thereof.

As describ®d in the embodiments of the present
invention, in any of the embodiments, the procedure
presented referring to the flowchart thereof is just one
example, and other procedure implementing the same coding
and decoding methods may be used. :

Furthermore, the image coding apparatuses and image
decoding apparatuses of the first through sixth
enbodiments of the present invention are realized by
recording, in recording media, an image coding program
implementing the image coding methods of the respective
embodiments and an image decoding program implementing
the image decoding methods of the respective embodiments,
and running the recorded programs on a computer system
including a personal computer and a work station.
Recording media capable of recording such programs may
be employed: for example, floppy disks or optical disks

- such as CD~ROM.

Industrial Availability
As described above, the image codingmethods and image

coding apparatuses of the present invention are able to



42 second transfornmed i nput event and a reference event included in the
vari able I ength code table, and in step 8283, decision is nade based on the
conparison. if it is decided that a matching reference event is found, step
824 is.perforned; if it is not found, step 825 is perforned. If step 824 is
performed at this point, a result of coding is output which is a variable

| ength code corresponding to the reference event to which a control code

and a third npde reete FE fdetbcd 9| pyes My?ﬁt@mﬁiés&h@w ddtfé gt ea 8( ) .
The third node code is set to "10". On the other hand, if step 325 is

perforned, thgiaediadgRr Qﬁeéﬁjéb@éﬂhéﬁiﬁﬁ%é%o%% Esmpelefs@rimad Had ik j nput
event to generate a fixed |length code. Then, a result of coding is output
which is the fisxad Leaphthieofderi 9p1Bi £hngtROPEEE!table, when an object
to be processed is the data compression-coded by
subjecting digital image data to DCT orwaveform coding.
Further, the image decoding methods and image
decoding apparatuses of the present invention are able
to perform appropriate decoding process to a result of
coding which has been subjected to the above-described
efficient coding process, to obtain reconstructed images.
Furthermore, a recording medium containing an image
coding program and a recording medium containing an image
decoding program according to the present invention are
able to implement an image coding apparatus capable of
obtaining a result of coding with a high compression ratio
and an image decoding apparatus capable of appropriately
processing the result of coding, utilizing a device
resource fully, by running the recorded programs on a

computer system.



code and a first node code are added. The first node code is set to "11".
| f any step is perfornmed from anong step 810 and steps 824 and 825 shown in
figure 8(b), in a subsequent step 811, it is decided whether an input event
processed is a |last input event or not, and if the event is the_|ast one,
the coding process is conpleted in step 812. On the other hand, if it is

not the last one, the operation is returned to step SEwmwﬂmnuumum

incremented by 1 in step 813, wherebyadmsext input ev

simlarly. Thus, the process is continued to the |ast non-zéro" 43

coefficient.
1. An image coding method in which transform
coefficients are obtained for an image to be coded by a

b prescribed transformation method, quantization process
is performed to the transform coefficients using a
prescribed quantization scale to obtain guantized
transform coefficients, and variable length coding
process is performed to the quantized transform
coefficients referring to a variable length code table
comprising a plurality of reference events paired with
variable length codes, said method comprising:

a first variable length coding step of obtaining a
first result of comparison from comparison process
between the quantized transform coefficient and a
reference event included in the variable length code table,
and if the first result of comparison shows “matching”,
obtaining a first result of coding using a variable length
code corresponding to the reference event;
a second variable length coding step of, if the first

result of comparison does not show “matching”, obtaining
a second result of comparison by comparison process
between the quantized transform coefficient and a
reference event included in the variable length code table

with transformation process using a prescribed function,
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Fbreinafter'érfﬁﬁﬁﬁ+1ﬂ4+#%4§~glven of a decoding process to the coded data
obt ai ned i t od| n rocess stsown in the third enbodi nent. The
confi guration m d| ng apparatus. according to the third
enbodi ment is t of the imge decodi ng apparatus of the
first enbodi nent, and thus flgure 4 will be used for the description.
Figure 9 is a flowchart showi ng the procedure of a variable |ength decoding
met hod accamadliing tthee tsheesdrid nk saribio di fimerimp 2 $ om geh ckes otnangchpingéss’
according to the third enbodinment differs fromthat of the first enbodi nent
only in thebtpaimesg hy sehendartedh et | efigthddegoderi @08 shown in figure 4,
and thus a description is given of the operation by the variable |ength
decoder 4GHistihgeidaaddiend PrOeess firndt rsdsurbcer teodigyresdngSaeps 901
t hrough 906 are perforned in the sanme manner

variable length code corresponding to the reference

event; and

a particular coding step of, if the second result

of comparison does not show “matching”, performing coding

process to the quantized transform coefficient using a

prescribed coding systemto obtain a result of coding which

is distinguishable from each of the first and second

results of coding.

2. An image coding method as defined in ciaim 1 wherein:

in the second variable length coding step, the
transformation process is performed to the quantized
transform coefficient, and using the result of the
transformation process, comparison process is performed
with a reference event included in the variable length
code table to obtain a second result of comparison, and
if the second result of comparison shows “matching”, a
variable length code corresponding to the reference event
is employed and a second control code set uniquely is added
to obtain a second result of coding; and

in the particular coding step, coding process is

performed to the quantized transform coefficient using

eet Has Been Replaced
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as steps. 701. th#eugh—l@@—e#—%he_second enbodi mrent shown in figure 7. Wen

It is"decided in target bit is "1", step 907 is perforned
in which deci si onmﬁ ﬁl' ﬂ;ﬂﬁﬂ‘ 1 0
bl t I S -=n ll Or n 1 n ll

o , step 908 is perfornmed, and if
1", step 909 is perforned If step 908 Is perforned, a set of (Last,

ormed to know whet her the subsequent one

Level ) corresponding to an input variable Iength code is obtained
using a v it ened it s@mieg tapd em &t 20 farBinceakue 1t bedeowhich

transformation process is perforned using a prescribed function,

it

S

Run,

44

and t hen

the resul tj ofqdecodiAgshapadt B¥bm LRet becbhanabarmatl ender dseaddadcor di ng

to the

to obtain a result of particular coding.

3. An image coding method as defined in claim 1 wherein
the secogd variable length coding step includes:

a main second variable length coding process where
the transformation process is performed to the quantized
transform coefficient, and using the result of the
transformation process, comparison process is performed
with a reference event included in the variable length
code table to obtain a main second result of comparison,
and if the main second result of comparison shows
“matching”, a variable length code corresponding to the
reference event is employed and a second control code set
uniguely is added to obtain a main second result of coding;
and

a sub second variable length coding process where,
if the main second result of comparison does not show
“matching”, a second transformation process is performed
using a prescribed second function to the quantized
transform coefficient to obtain a sub second result of
comparison, and if the sub second result of comparison
shows “matching”, a variable length code corresponding

to the reference event is employed and a third control

This Sheet Has Been R, eplace
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third enbodi ment, a prescribed (Offset +1) is added-to-a+resultant_.Run
value.” On the other hand, if step 909 i7$ perforned, an inﬁﬁt vari abl e

| ength code is decoded as a fixed | ength code tor%ﬂ!ﬂﬁﬂﬂ' uﬂUents. | f
i y Wtep 910,

anyof steps 904, 906, 908, and 909 is perforned,
it is decided whether an input variable length code is a last 1nput
vari able length code or not; if it is the |last one, the coding process is

conpl et ed icRaet RR18hL s @1 dthn @i DEhabBaBUErbih tiHe bEcBRM ébRtkastcone, the
operation is returned to step 902 after j is incremented by 1 in step 912,

whereby a Rextadduiittyasbebhie lergid sosendsreshlier ved douide; sage nanner.
Thus, the process is continued to the |ast variable I ength code. As

described above,jinthbeskpBad “oHinG etV erCcobdiRG sk ddie 1hifhe
enbodi nent, if a reference event
sub second result of comparison does not show “matching”,
the second result of comparison also does not show
"matching”; and

in the particular coding step, coding process is
performed to the gquantized transform coefficient using
a prescribed coding system, and a first control code which
is distinguishable from each of the second and third

control codes is added to obtain a result of particular

coding.

4, An image coding method as defined in claim 1 wherein:

in the second variable length coding step, the
transformation process is performed to the quantized
transform coefficient, and using the result of the
transformation process, comparison process is performed
with a reference event included in the wvariable length
code table to obtain a second result of comparison, and
if the second result of comparison shows “matching”, a
variable length code corresponding to the reference event
is employed and a control code and a second mode code are
added to obtain a second result of coding; and

in the particular coding step, coding process is
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concer ne
process

process

is perfo
807 thro
| ength c
perfornme
S.tep 82
using a

step 825

d isnot—foundin—=awvariable | ength code table in the conparison

ints ] 804 as sfygown in figure 8(a), transformation
is p ﬂmll l ﬁﬂjkr tlput event in step 806, and conpari son process
rmed sl t first transformed input event i n steps

ugh 808; if a matching reference event is not found in the variable

ode table at this tine, the process shown in figure 8(b) is

%;éflf&@inea LARHOT SR A ODz 8 O£ 888 st e d U FBO-1 en8NuishRY event in
, and 1 n steps 822 through 823, conparison process is perforned

rEPHd a0t 1 1588 YU £ @NSf A R JPWl 6N BRbI EHEEEIRd & £R¥sREr form ng

, arate of performng fixed length coding is further reduced in
mode code which is distinguishable from the second mode

code are added to obtain a result of particular coding.
5. An image coding method in which transform’
coefficients are obtained for an image to be coded by a
prescribed transformation method, gquantization process
is performed to the transform coefficients using a
prescribed quantization scale to obtain quantized
transform coefficients, and variable length coding
process is performed to the gquantized transform
coefficients referring to a variable length code table
comprising a plurality of reference events paired with
variable length codes, said method including a variable
length coding step which comprises the steps of:

performing division process to the quantized
transform coefficient using a divisor decided based on
the quantization scale, to obtain a gquotient and a
remainder;

obtaining a result of comparison with quotient by
comparison process with a reference event included in the
variable length code table, using the quotient; and

if the result of comparison with gquotient shows
“matching”, employing a variable length code

I
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conparj son wi th the respective rates of the first and second enbodi ments,
and a pOSSIbI|Ity that short codes are?lllocated in varia

is further increased, resulting in inproved total corrpresgmmmummmnw{“m
result of coding. Further, since the i mage codi ng apparatus* off the thi¥d*
enbodi nent conprises a variable | ength coder 211 performng the
above-descri bed coding nethod, a result of coding having an inproved

conpr essi of OXFEisP W e bgtﬁhﬁeéeﬁﬁnﬁﬁQQ;%N%¢ﬁgﬁ§dvéda%ﬂ%3%%ngth code
tabl e whether the conpression ratio of the conpression coding in the coder
203 i s hi ghusiJidry Redh bt bnedceyreg hforsinge Cofddd MR 1Y Bt hod and
i mage decodi ng apparatus of the third enbodi ment, appropriate decodi ng
process camhberpmaﬁ@ﬂtﬁduaomgesgwﬁjfﬁ@glbedtmedlegmysbﬁfmeow Ptk ved in

t he
a result of coding.

6. An image coding method in which transform
coefficients are obtained for an image to be coded by a
prescribed transformation method, guantization process
is performed to the transform coefficients ,using a
prescribed quantization scale to obtain quantized
transform coefficients, and variable length coding
process is performed to the guantized transform
coefficients referring to a variable length code table
comprising a plurality of reference events paired with
variable length codes, said method including a variable
length coding step which comprises the steps of:

performing transformation process with a prescribed
function to a reference event included in the wvariable
length code table, based on the gquantization scale, to
generate a transformed event;

obtaining a result of transformation comparison by
comparison process between the gquantized transform
coefficient and the transformed event; and

if the result of transformation comparison shows

“matching”, obtaining a result of coding using a variable

This Sheet Has Been Replaced

AR




above- descri bed manner, to obtain reconstructed inage. 46 Enbodi nment 4.
An |nage co ing to a8G ourth enbodi nent of the present

i nvention i gmlﬂmmmﬂ m‘ﬂmgreasi ng a chance of using variable | ength code
table by a conpdri son"process using plural variable | ength code tables,

t hereby i nproving coding efficiency. Figure 10 is a flowhart show ng the
procédure of a variable Iength coding nethod according to the fourth

enbodi nentenghh icreige awdiragrapganagt o dhe heeforenhe eaeditnd®sdths t he

same configuration as that of the first enbodinent, and thus figure 2 wll
be used fon whdcheddrd ptramsformed reference event is generated.

7. An image coding apparatus obtaining transform
coefficients for an image to be coded by a prescribed
transformation method, performing quantization process
to the transform coefficients using a prescribed
quantization scale to obtain quantized transform
coefficients, and performing variable length coding
process to the quantized transform coefficients referring
to a variable length code table comprising a plurality
of reference events paired with variable'length codes,
said apparatus including a variable length coding means
for performing:

a first variable length coding process where a first
result of comparison is obtained by comparison process
between the quantized transform coefficient and a
reference event included in the variable length code table,
and if the first result of comparison shows “matching”,
a first result of coding is obtained using a variable
length code corresponding to the reference event;

a second variable length coding process where, if
the first result of comparison does not show “matching”,
a second result of comparison is obtained by comparison

process between the quantized transform coefficient and
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An i mage .codi ng process according to the fou#%h—eﬁbodrnenr"dlTfers from
that of the first enbodinment only in t#le proc l e | ength
coder ‘211 shown in figure 2, and thus a descri Bﬂ! E ﬂl“ﬂ f the
operation by the variable length coder 211 in I'ng pyocess below with
reference to figure 10. Here, first and second variable | ength code tables
are used in the coding process according to the fourth enbodi nent. As for
the first yaredbrkenicengrierboenchbiied dhe thebvesr sHoldm 1engturcesiel9
through 22 are used as in the first to third embodinents. As for the second
vari abl e |'eablh sudeeciblty tranhéovmhsiomaptocesableidyf Berent fromthe
first variable length 47 code table is used, and in this case, used is
t he one prescribed function, and if the second result of

comparison shows “matching”, a second result of coding

which is distinguishable from the first result of coding

is obtained employing a variable length code

corresponding to the reference event; and

a particular coding process where, if the second

result of comparison does not show “matching”, coding

process is performed to the quantized transform

coefficient using a prescribed coding system, to obtain

a result of particular coding which is distinguishable

from each of the first and second results of coding.

8. An image coding apparatus as defined in claim 7
wherein:

in the second variable length coding process, the
variable length coding means performs the transformation
process to the quantized transform coefficient, and using
the result of the transformation process, performs
comparison process with a reference event included in the
variable length code table to obtain a second result of
comparison, and if the second result of comparison shows
“*matching”, the coding means employs a variable length

code corresponding to the reference event and adds a second
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conposed e+fthE’§€T§”haV|§ﬁ Level values no less than ten. As descri bed

above,, in t ‘mﬂﬂng a fir8 variable length code table in
whi ch nost ‘

re less than ten is used, whereas a second

variable le code“table i's used including the LeveI val ues equal to or
nore than ten; that is, it is preferable to use a second variable I ength
tabl e conposed of the reference events not included in the first variable
| engt h t abFERLESY GRFR TeE PRLENELYOFOORYRLDrBce88oPA Fea oL a j-th
i nput event is derived in step 1002. In step 1003, conparison is perforned
bet ween t heodAm®; eédht and a reference event included in a first variable
length code table in the variable I ength coder 211. Next, in step 1004, it
i s deci ded whet Hev %he eparthcelevemotiad rraceaschihg §@¢kﬁbkiast Run
Level) is found or not in the conparison process. Ifit is decided in step
1004 t hat 3ecgthefeodine means performs coding process to the

quantized transformcoefficient using a prescribed coding
system and adds a first control code which is
distinguishable from the second control code to obtain

a result of particular coding.

9. An image coding apparatus as defined in claim 7
wherein, as the second variable length coding process,
the variable length coding means performs:

a main second variable length coding process where
the transformation process is performed to the gquantized
transform coefficient, and using the result of the
transformation process, comparison process is performed
with a reference event included in the wvariable length
code table to obtain a main second result of comparison,
and if the.main second result of comparison shows
“matching”, a variable length code corresponding to the
reference event is employed and a second control code set
uniquely is added to obtain a main second result of coding:;
and

a sub second variable length coding process where,

if the main second result of comparison does not show

This Sheet Has Been Repl

i ===




event is .found,

perforned

corresponding to the reference event is output, followed by
wi |l be described. If step 1006 is performed, on the other

Is perfornmed between the input event and a reference event

second variable length code 48 table. Then, in step 1007, it is
whet her a “'\mEtrhine” evarte davd g ang tdimatibaspromens ieweyfosnedund or
not in the conparison process. If it is decided in step 1007 that t

r ef erence

wsiery 4 spfeandibstdeEe@d8d function to the quantized
transform coefficient, and using the result of the second
transformation process, comparison process is performed
with a reference event included in the variable length
code table to obtain a sub second result of comparison,
and if the sub second result of comparison shows “matching”,
a variable length code corresponding to the reference
event is employed and a third control code which is
distinguishable from the second control code is added to
obtain a sub second result of coding; and

if the sub second result of comparison does not show
“matching”, the second result of comparison also does not
show “matching”; and

in the particular coding step, the variable length
coding means performs coding process to the quantized
transform coefficient using a prescribed coding system,
and adds a first control code which is distinguishable
from each of the second and third control codes to obtain

a result of particular coding.

10. An image coding apparatus as defined in claim 7
wherein:
in the second variable length coding process, the

variable length coding means performs the transformation

————

|ncluded in a'

step 1005 is perforned; if it is not found, Step—1066-+s—
If step 1005 is perforned & this point, a varlablﬂ &nrh code

U

*

deci ded
he
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is performed; andif it is not found, step 1009 isperforned. If step 1008 is
perforned at th| u le | gth code corresponding to the

ref erence event ﬂn‘)mm"ﬂwﬁﬂ“ a control code set uniquely and a second
node code are addéd to 4 he¢ cederand output, followed by step 1010 which

wi |l be described |ater. In this case "0000011", which is identical to the
ESC code shown in flggr %f a contrgl cqQde,, and "0".,is used as
a second FRFETHULC sgBan65§ ErﬁEPFBFH’eaoe AiEHEPT M EPHERER T he
dodi ng process shown in ures 23 i s gerforned to an i Pt event to
generatea¥4?x%ﬂsFéﬁgPﬁ Lrapsfomm E%BPtPSPQ§ﬁﬁ4mP?£ PEPPut which is
the fixed length code to which a control code and a . first npde code are

added. "1"C{TPHELFORPEOFEFStWHbRS C6Ferancasy ot PegdRsH3D §B68, and

1009 is perfornmed, in
variable length code table to obtain a second result of

comparison, and if the second result of comparison shows
“matching”, the coding means employs a variable length
code corresponding to the reference event and then adds
a control code and a second mode code to obtain a second
result of coding; and
in the particular coding process, the variable

length coding means performs coding process to the
quantized transform coefficient using a prescribed coding
system, and adds a control code and a first mode code which
is distinguishable from the second mode code to obtain

a result of particular coding.

11. An image coding apparatus obtaining transform
coefficients for an image to be coded by a prescribed
transformation method, performing quantization process
to the transform coefficients using a prescribed
quantization scale to obtain quantized transform
coefficients, and performing variable length coding
process to the quantized transformcoefficients referring
to a variable length code table comprising a plurality

of reference events paired with variable length codes,
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a subsequent step 1010, it is decided_whether an input event processed is a
| ast input.event or not, and if it i s8 he last one, the cod“m |
conpleted in step 1011. On the other hand, if it is not the "anﬂmﬁl"l
operation is returned to step 1002 after j is increnmented *4F by 1%ins  »

step 1012, whereby a next input event is perforned in the sane manner.
Thus, the pr.ocess is continued tpo the |ast non-zero coeffjcient.
FbreinaftéPlg'ngéﬁﬁﬁﬂqn?qqpiﬁ%%%g6TV&ﬁiﬁéﬁﬁrﬁfﬂﬁ?ﬁ: 19 HePBded dat a
obtained iii the |inmage codjng process shown in the fourth enbodi nent. The
conf i gur attPdn pﬁr%ﬁf’gﬂﬁeth@cégieﬁ’& &Far at us accor di ng

performing division process to the gquantized
transform coefficient using a divisor decided based on
the quantization scale, to obtain a quotient and a .
remainder;

obtaining a result of comparison with gquotient by
comparison process with a reference event included in the
variable length code table, using the quotient; and

if the result of comparison with quotient shows
“matching”, employing a variable length code
corresponding to the reference event and then adding an
auxiliary code obtained by performing coding process to
the remainder using a prescribed coding system, to obtain

a result of coding.

12. An image coding apparatus obtaining transform
coefficients for an image to be coded by a prescribed
transformation method, performing quantization process
to the transform coefficients using a prescribed
quantization scale to obtain quantized transform
coefficients, and performing variable length coding
process to the quantized transformcoefficients referring
to a variable length code table comprising a plurality

of reference events paired with variable length codes,
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to the fourth-enbodinent is identical to that of the first enbodi nent, and

t hus flgure 4 mAII des%&iption. Figure 11 is a flowchart
showi ng the proce 'Hm I %mw

| engt h decodi ng net hod according to the
fourth enbodi nent. An 9 mkge*de€om ng process according to the fourth

enbodi ment differs fromthat of the first enbodinent only in the process by
the variable | ength decoder 408 shown in flgure 4, and thus the operation
by the var$abfeapPragefiugeconprisd® g s vasid é@dﬂ-ﬁggﬁlhoéégél’w e aRE
described with reference to figure 11. First of all, follow ng the
i nitiatiorwbichhpepfogwss e stepp310f: a variable Iength code of quantized
transformed coefficients, which is a j-th object to be processed, is input
as an input var p&trlf@ﬁnérrgj i regdef o tma v ep PO s $ twiitth deprdedrifpsicher t he
i nput variable | ength
function to a reference event included in the variable
length code table, based on the quantization scale, to
generate a transformed event;
obtaining a result of transformation comparison by
comparison process between the quantized transform
coefficient and the transformed event; and
if the result of transformation comparison shows
“matching”, obtaining a result of coding using a variable
length code corresponding to the reference event based

on which the transformed reference event is generated.

13. An image decoding method in which extraction is
performed to compression-coded data as an object of
decoding to obtain a variable length code included in the
data and use the code as an input variable length code,
and an output transform coefficient is generated from the
input variable length code referring to a variable length
code table comprising a plurality of reference events
paired with reference variable length codes, said method
comprising:

a coding process decision step of deciding which is

the input variable length code from among a first result
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code includes a control code or not; if the control code is not included,
step 1104”mmﬂuﬂmmmd if it is 87 50 included, step 1105 is
per f-or med re step 1104 is perforned, that is, in the case
where a control code i’s Aot included, a set of (Last, Run, Level)

corresponding to the input variable Iength code is output by using a first
vari able length code table, followed hy step 1110 which will be described
| at er . V%é%ﬁ|?°@%n@e€PHéanPﬁ ?ﬂéﬁ YEF3HA UG TR P8 oBECFE SBncl uded,

deci sion process is perfornmed in step 1105 to knOM/mhether a_next one b|t

subsequent@ t3*¢FRACBRERE ©EdECPS PYobgratned birpryartapie) tength siep

1106 is
coding process with a transformation process, and a result

of particular coding obtained by a coding process
according to a particular coding system;

a first variable length decoding step of, if the
result of decision in the coding process decision step
shows “first result of coding”, performing comparison
process between the input variable length code and a
reference variable length code obtained from the variable
length code table by the reference, and if the result of
comparison shows “matching”, generating the output
transform coefficient using a reference event
corresponding to the reference variable length code;

a second variable length decoding step of, if the
result of decision in the coding process decision step
shows "“second result of coding”, performing comparison
process between the input variable length code and a
reference variable length code obtained from the variable
length code table by the reference, and, if the result
of comparison shows “matching”, performing an inverse
transformation process which is an inverse of the
transformation process for coding, with a reference event
correéponding to the reference variable length code, to

generate the output transform coefficient; and
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perforped, whereas step 1108 | rforned if it is "1". If step 1106 is
perfornmed, a set me.'ga“ H" H“ veI )88corresponding to the input variable
| ength code is ou second variable | ength code tabl e,

fol l.oned by step 1110 whi ch mnll be described later. If step 1108 is
performed, on the other hand, decoding is perfornmed to the input variable
| ength code as a fixed Iength code to regenerate the coefficients. If any
of steps 1104, alp@rtarndilldd8desofienfiosned, of a Sullsequestilst exf 1110, it

i s deci ded whether an input variable | ength code processed is a |ast input
vari abl e |@egibioaden ahenebdiagdptbcebsidedhei bastamehouweeeduldg process
Is conpleted in step 1111. On the other hand, if it is not the | ast one,
the operatoprpastietlaredodd P pelEbmiieg 4 dscodLhgnppbedskytd in step

1112, whereby
the input variable length code, which process is an inverse
of the coding process according to a particular coding

system which is used for coding, to generate the output

transform coefficient.

14. An image decoding method as defined in claim 13
wherein:

in the coding process decision step, it is decided
whether or not the input variable length code includes
one of a second control code indicating that the input
code is obtained by a variable length coding process with
a transformation process and a first control code
indicating that the input code is obtained by a coding
process according to a particular coding system, and if
it is decided that neither of the control codes is included,
the first variable length decoding step is performed, if
it is decided that the second control code is included,
the second variable length decoding step is performed,
andif it is decided that the first control code is included,

the particular decoding step is performed.

15. An image decoding method as defined in claim 13

gy
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51 a next- input variable length code is processed simlarly. Thus, the

process i s.continued to the last variafl e | emﬂmmﬂmlmm’mcrl bed above,
in the image coding method in accordance wit di ment, first
and second vari abl e l ength code tables are uséd,®ard *f & reference event

concerned is not found in the first variable Iength code table in a
conparison process in steps 1003 through 1004, a conparison process can be
per f-or med ¥hehethe %‘e@@ﬁdcﬂ?ﬁipgtﬂ%o?%ﬁﬁmcdoﬂé”f ghee: thédrergrddesd rate of
performng fixed length coding in step 1009 is reduced, resulting in

i npr oved W%%?EhéonﬁFe§§ﬁth%I}%PBF KaFé§@ﬂ@ et rigPd %céBF&Pﬂ?%C)the

fourth enbodi nent, a
one of a second control code indicating that the input

code is obtained by a variable length coding process with
.a transformation process and a first control code
indicating that the input code is obtained by a coding
process according to a particular coding system, and if
it is decided that neither of the control codes is included,
the first variable length decoding step is preformed, and
if it is decided that the first control code is included,
the particular decoding step is performed; and

if it is decided that the second control code is
included, a second control code decision step is further
performed for deciding whether the second control code
is a second control code indicating that the input code
is obtained by a variable length coding process with a
first transformation process or a third control code
indicating that the input code is obtained by a variable
length coding process with a second transformation
process; and

in the second variable length decision step, if it
is decided that it is the second control code, a first
inverse transformation process which is an inverse of the
first transformation process in coding process is

performed, andif it is decided that it is the third control
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plurality of variable Iength code tables have to be prepared and by
forming plural tables so that the evéfts included in one UMHMIH'
diff-erent fromthose in the other tables, coding efficienc ,lﬁm,mm
I nproved. "Further, since the inmage codlng apparatus of the fodrth =

enbodi ment conprises a variable Iength coder 211 performing the
above-descrijbed coding nethod, it is possible to obtain a result of coding
havi ng i YR e&‘dﬂﬁﬁ?ggsﬁﬁﬂeﬁﬁﬁ(?R&ﬂﬁ?&ﬁmﬁﬁéOEoﬁﬁﬂéﬁﬁ§NW9%ﬁWole t he
conpressi on coding by the coder 203 is_high or low Furthernmore, according
to the i ﬁé’gé%&&?& HS FRenRcand Frarel asesling BRPPSRESUSR FFOLHRIf ourt h

enbodi nent , 52,
process is performed.

16. An image decoding method as defined in claim 13
wherein:

in the coding process decision step, it is decided
whether or not the input variable length code includes
one of a set of control code and second mode code indicating
that the input code is obtained by a variable length coding
process with a transformation process and a set of
control code and second mode code indicating that the input
code is obtained by a coding process according to a
particular coding system; and

if it is decided that neither of the sets is included,
the first variable length decoding step is performed, if
it is decided that the set of control code and second mode
code i1s included, the second variable length decoding step
is performed, and if it is decided that the set of control
code and first mode code is included, the particular

decoding step is performed.

17. An image decoding method in which extraction is
performed to compression-coded data as an object of

decoding to obtain a variable length code included in the
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appropri ate—gecoeding process can be perforned correspondlng to a result of
codi ng deprjy e-descri bel! manner to obtain reconstructed

i mge. Alt i’ m‘ “!ﬁv‘@ﬂ ' th enbodi nent two variable |l ength code tables
are used, ' er of variable length code tables nay be

pr epar ed, and a correspondi ng nunber of node codes may be used to

di stinguish the plural variable |length code tables. Further, it is possible
to di stingéitéh aﬁ‘ldur“e?le e e |Bhgth Je‘bﬂ‘étt‘é%Féébﬂﬁ &G&ﬁttlhzzﬁC?QﬁV scal es.
Enbodi nent 5. In an inmage codi ng nethod according to a fifth enbodi nent of
the preseARd AvBRERGA Zad 1aThpsTadraratScsh fRto COE NBIIRF 1983 bk Hhrdcess is
performed to an event which is an object to be coded, and then conparison

i s perf or peEPKass oVaeedsfedrsagemdc Gde ¥npie, auxiliary code

obtained based on a remainder derived from a division
process for coding are obtained by extraction, and an
output transform coefficient is generated from the input
variable length code referring to a variable length code
table comprising a plurality of reference events paired
with reference variable length codes, said method
comprising a variable length decoding step which includes
the steps of:

performing comparison process between the input
variable length code and a reference variable length code
obtained from the variable length code table by the
reference, and if the result of comparison shows
“"matching”, obtaining a reference event corresponding to
the reference variable length code and multiplying it with
the divisor obtained based on the quantization scale; and

performing to the input auxiliary code a decoding
process which is an inverse of the coding process by which
the code is obtained, to obtain an inverse auxiliary
coefficient, and performing addition process to generate

an output transform coefficient.

18. An image decoding method in which extraction is
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Figure 12 is a flowhart of the procedure of a variable Iength codlng -----
met hod’ accordlng to the fifth enbodi me#?t. An inmage codlng aﬂﬂlﬂﬂy

according to the fifth enbodi ment has the same configuratio m,"#ll,”'ml
first embodiment, and thus figure 2 will be used for the descriptibn.n

| mage codi ng process according to the fifth enbodiment differs fromthat
accoirding to the first 53 enbodinent only in the process by the variable
| engt h codeerfatmeHolme iapmfpxpseion-andethdata desan pebdactsodi ven of the

operation of the variable |length coder 211 in the coding process below wth
ref erence decédgugetabtain a variable length code included in the

data and use the code as an input variable length code,
a quantization scale used for coding included in the
compression-coded data is obtained by extraction, and an
output variable length coefficient is generated from the
input variable length code referring to a variable length
code table comprising plural reference events paired with
reference variable length codes, said method including:
a variable length decoding step in which comparison
process is performed between the input variable length
code and a reference variable length code obtained from
the variable length code table by the reference, and if
the result of comparison shows “matching”, a reference
event corresponding to the reference variable length code
is obtained and a transformation process using a
prescribed function is performed based on the
quantization scale to generate an output variable length

coefficient.

19. An image decoding apparatus performing extraction
to compression-coded data as an object of decoding to
obtain a variable length code included in the data and
use the code as an input variable length code, and

generating an output transform coefficient from the input
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Followi,ng"the initiation of the process in step 1201, a j-th input event

consisting of (Last, Run, Level) is ol®ai ned ||Rum , In step
1203, transformation process is perfornmed to t ﬁm l’l Ei ng di vi sion
process. In the transformati on process, divisioh i perforhred to the Level

val ue included in an input event, using a divisor decided based on a
quanti zation scale, to derive a quotient of the Level. Figures 13 are

di agrans ivdnisdalbbé i hengehatbdasréféweeénggquandivatiablechérgahdcddei sor.
Figure 13(a) shows an exanple of setting with respect to the relation

bet ween t mhlancbmpmdi sahesat patiraldity o refessind® vediesn paduadti zation
scale ranges from1l to 7, and a divisor is 1 when a quantization scale is
i denti cal witlorrepeechhan vihriHY e neengthhabdels ,a sqiahtagparanuscal e is

equal to or nore than 8, division is not carried out. Figure 13(b) shows
anot her exaigl@ding a variable length decoding means which
performs: b

a coding process decision process where it is decided
which is the input variable length code from among a first
result of coding obtained by a variable length coding
process, a second result of coding obtained by a variable
length coding process with a transformation process, and
a result of particular coding obtained by a coding process
according to a particular coding system;

a first variable length decoding process where, if
the result of decision in the coding process decision
process shows “first result of coding”, comparison
process is performed between the input variable length
code and a reference variable length code obtained from
the variable length code table by the reference, and, if
the result of comparison shows "“matching”, the output
transform coefficient is generated using a reference
event corresponding to the refefence variable code;

a second variable length decoding process where, if
the result of decision in the coding process decision
process shows “second result of coding”, comparison

process is performed between the input variable length
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of setting wi'th . | ati on between them and as shown in the
figure, it.is po’s Illggﬁ'ﬁy qu¥hti zation scales into three classes
and -deci de a d|v g to each class. Quantization process is
basically a diviS|on process 54 and quanti zed transform coefficients
tend to have a large value as a quantization scale decreases; accordingly,
when an event is generated, the Level_ value included jn the event is often
| ar ge. Th%OQQrPQEIé Féﬁ&ﬁﬁqﬁﬁk¥%ﬁﬂﬂ¥;%Hb%ﬁth ¢Pg8reBtagnest Jdg™ 22 i s

formed so that it is suitable for the coefficients _having a re|latively high
conpr essi bRer ¥8Fd abdid LTI thiczodanyalbe k¥ Hagi Rgfergpce, and 1f

the result of comparison shows “matching”, an inverse

transformation process which is an inverse of the
transformation process for coding is performed using a
reference event corresponding to the reference variable
length code to generate the output transform coefficient;
and

a particular decoding process where, if the result
of decision in the coding process decision process shows
“particular result of coding”, a decoding process which
is an inverse of the coding process according to a
particular coding system which is used for coding is
performed to the input variable length code to generate

the output transform coefficient.

20. An image decoding apparatus as defined in claim 19
wherein:

in the coding process decision process, the variable
length decoding means decides whether or not the input
vériable length code includes one of a second control code
indicating that the input code is obtained by a variable
length coding process with a transformation process and
a first control code indicating that the input code is
obtained by a coding process according to a particular

——
———————
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Level values; ‘therefore, a matching rate for the reference events—inetuted -

in the'tablé is reduced and a rate of perforning variable |en
al so-reduced, resulting in degraded coding efficiency. Theref ;E ﬁﬂ] "iH,lT””"’
L M s *

fift.h enbodi ment, when the quantization scale is small, divisi
performed to a Level to generate a transfornmed input event having a snal
Level value which is used for conparison process, thereby inproving a rate
of perforncodingr isytslten ergtd LOHdi thgi andechdedashag aepsdsithbidfi thhe hat
short codes are allocated. After the quotient of the Level is derived, in
step 1204, connpali sardes periocimdebet wien fiast , v&Rababdeotlieergtlof Level )
of the transforned i nput event and a reference event included in a variable
| engt h coddetahlieg prddes A ixupeadqienied) end 206 i tdda sleai qedadsst | S
carried out according to the result of the conparison. If it is

a second control code is included, the first variable

*+length decoding process is performed, and if it is decided
that the first control code is included, the particular

decoding process is performed.

21. An image decoding apparatus as defined in claim 19
wherein:

in the coding process decision process, the variable
length decoding means decides whether or not:the input
variable length code includes one of a second control code
indicating that the input code is obtained by a variable
length coding process with a transformation process and
a first control code indicating that the input code is
obtained by a coding process according to a particular
coding system, and, if it is decided that neither of the
control codes is included, the first variable length
decoding process is performed, and if it is decided that
the first control code is included, the particular
decoding process is performed;

if it is decided that the second contro} code is
included, the variable length decoding means further

performs a second control code decision process for

——
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decided i'n step 1205 that such reference event is found, step 1206 is

performed; ,if it is not found, step 1208 is . | f step 1207
is perforned, the variable length code for megﬂﬂmmm concerned is
output, and in a subsequent step 1208, the renmafnder wf st he Level is
subjected to fixed length coding and the result of the coding is output as
an input auxiliary code. The code |ength of the remainder of the Level is
changed dépeadiimg orhethievi §be. seeorsksignierolncefle dgs@ dfeqmdsetting
shown in figure 13(a), the bit length of a remainder is set to 1 when a

di vi sor i sortredd coske Hindieagingothekethe second control code is

obtained by a variable length coding process with a first
transformation process or a third control code indicating
that the second control code is obtained by a variable
length coding process with a second transformation
process; and

in the second variable length decoding process, if
it is decided that it is the second control code, a first
inverse transformation process which is an inverse of the
first transformation process in coding process is
performed, andif it is decided that it is the third control
code, a second inverse transformation process which is
an inverse of the second transformation process in coding

process is performed.

22. An image decoding apparatus as defined in claim 19
wherein, in the coding process decision process, the

variable length decoding means decides whether or not the
input variable length code includes one of a set of control
mode and second mode code indicating that the input code
is obtained by a variable length coding process with a
transformation process and a set of control code and first
mode code indicating that the input code is obtained by

a coding process according to a particular coding system,

S §
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remai nderis set to Owhenthedivisoris 1. Inotherwords, when a divisor is 1,
a remai nder is a ’lﬂmmnmm,mﬁﬂm | f 95t eps 1207 through 1208 are
perforned a var and an input auxiliary code are output as
the results of codlng ‘On"th& other hand, if step 1206 is perforned, fixed
| ength coding process is performed to an input event to generate a fixed
| ength code. Then, the result of the coding is output which is the fixed
| engt h codeadt oi fhitch sadeontiedl ticatemdistlaeided tAbt et pard anmlnglest eps 1207
t hrough 1208 or step 1206, in a subsequent step 1209, it is decided whet her
an i nput epenfipsacesgedbile Lbagitastiecppuhnepeniceds et pearfdrredt is the
| ast one, the coding process is conpleted in step 1210. On the other hand,
if-it is petithesl astiaed that the set of control code and second

mode code is included, the second variable length decoding

process is performed, and if it is decided that the.set

of control code and first mode code is included, the

particular decoding process is performed.

23. An image decoding apparatus performing extraction
to compression-coded data as an object of decoding to
obtain a variable length code included in the data and
use the code as an input variable length code, and
obtaining, by extraction, a quantization scale used for
coding included in the compression-coded data and an input
auxiliary code obtained based on a remainder derived from
a division process for coding, and generating an output
transform coefficient from the input variable length code
referring to a variable length code table comprising a
plurality of reference events paired with reference
variable length codes, said apparatus compfising a
variable length decoding means for performing the steps
of:

performing comparison process between the input
variable length code and the reference variable length

code obtained from the variable length code table by the

Qi
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56 the murned to step 1202 after j is increnmented by 1 in
step 1mmnnm&w&nmxt i nput event% s perforned in the sane manner.
Thus, | A ntinued to the | ast non-zero coefficient.

Her ei naf't ef a“ descri ption is given of a decoding process to the coded data

obt ai ned by the i mge codi ng. process shown in the fifth enbodi ment. The
configuration of an imadge, decodi ng aﬁparat us according to the fifth

enmbodi men‘feggrﬁﬁgﬁt'i ERTtf tHRe BESHAE Pifr SOMRATOLT PRNENOHSd thus figure 4
will be used for the description. Figure 14 is a flowhart show ng the

procedur e BftGRV RS abPR tReRGI GeEBEPRGTE ABENACEBFIPREORGITHE t Tt h

enbodi nent. An i mage decodj ng process according to the ) .
the referénce variable length code andmultiplying it with

the divisor obtained based on the quantization scale; and
. performing to the input auxiliary code a decoding
process which is an inverse of the coding process by which
the code is obtained, to obtain an inverse auxiliary code,
and performing addition process to generate an output

transform coefficient.

24, An image decoding apparatus performing extraction
to compression-coded data as an object of decoding to
obtain a variable length code included in the data and
use the code as an input variable length code, and
obtaining, by extraction, a quantization scale used for
coding included in the compression-coded data, and then
generating an output transform coefficient from the input
variable length code referring to a variable length code
table comprising a plurality of reference events paired
with reference variable length codes,

said apparatus comprising a variable length decoding
means for performing comparison process between the
input variable length code and a reference variable length
code obtained from the variable length code table by the

reference, and if the result of comparison shows
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fifth erbodi ment differs fromthat of the first enbodi rrent—m=rI~y—+|++he\
process by the variable I ength decoder9gd08 shown in figure Qlﬁﬂ thus a

description is given of the operation by the variable |engt M‘i"m"mum

t he -decodi ng process below with reference to figure 14. Fir
following the initiation of the process in step 1401, a variable Iength
code of quantized transformcoefficients, which is a J-th object to be
processed,“msténpng”aSOBnaﬁnﬂm@-uaréﬁbkenbengﬁhntodertaspb@@i&@ﬂio Si nce
the result of coding including an input auxiliary code is obtained as
descri bed tie t heferegeeCatinirpI @ceengeh icheld,i fdrdd epdpflopming t he i nput
auxiliary code is al so 57

transformation process using a particular function, on

the basis of the quantization scale, to generate an output

transform coefficient

25. A recording medium in which recorded is an image
coding program which obtains transform coefficients for
an image to be coded by a pa_rticﬁlar transformation method,
performs quantization process to the transform
coefficients using a prescribed quantization scale to
obtain quantized transform coefficients, and then
performs variable length coding process to the quantized
transform coefficients referring to a variable length
code table comprising a plurality of reference events
paired with variable length codes, said program
comprising:

a first variable length coding step of obtaining a
first result of comparison by comparison process between
the quantized transform coefficient and a reference event
included in the variable length code table, and if the
first result of comparison shows “matching”, obtaining
a first result of coding using a variable length code
corresponding to the reference event:

a second variable length coding step of, if the first
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| nput together—wth—the—variable | ength code as an object to be processed
at thi's poi it is degpded whether the input variable

| engt h 03 L‘l}zﬂﬂ“@}m} ﬂntrol code or not; if it is included, step 1404 is
perforne I ncl uded, step 1405 is perfornmed. In the case
where step 1404 is perfornmed, that is, in the case where the control code
is included, the input variable |ength code is decoded as a fixed Iength

code to r # t fof e f b nt step
108 vhi gt be oapRRn B2% h*é%f%t R R o i

1405 is r g Spfl r rol.fQees i s not
|ncluhedpga g% £ %%%t 5 Eo@% co?$§§%%%§?ﬁ§9?§ ?he | nput vari abl e
I ength Cog%}és%eqierﬂlyg @xngma g o nrsséoféf’i‘réé@%flbﬁeﬂftha%ﬁ%tab'e and
then step 'S perf PR OWhiGh transfor hat 1 on process 1s perforned

reference event included in the variable length code table
subject to transformation process using a prescribed
function, and if the second result ¢f comparison shows
“*matching”, obtaining a second result of coding that is
distinguishable from the first result of coding using a
variable length code corresponding to the reference
event; and .
a particular coding step of, if the second result
of comparison does not show “matching”, performing coding
process to the quantized transform coefficient using a
prescribed coding system to obtain a result of coding which
is distinguishable from each of the first and second

results of coding.

26. A recording medium for image coding program as
defined in claim 25 wherein:

inthesecondvariablelengthcodingstepoftheimage'
coding program, the transformation process is performed
to the quantized transform coefficient, and using the
result of the transformation pr&cess, comparison process
is performed with a reference event included in the

variable length code table to obtain a second result of
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by multiplying the derived Level value with a prescribed value. The ~—~——————
prescribed.value is deci ded based on éOIquant I zation scal e, a”mmm '

case, the value shown in figures 13 is used corresponding tol! uﬂuﬂuﬂ"“ﬂw
process. Then, in step 1407, the input auxiliary code is subjected'o®fixe

| engt h decoding to obtain a remainder of the Level, and the remainder is
added to a product derived fromthe transforpati on process in step 1406 to
obtain a COMRAELI$RVel aRdl LE, thOFIIRNLte LT IXECOBRATLEBVPFROVA whi ch
58 this Level value is used is output as the result of decoding, After

per f or manc@ICEIRG” 1484VHFE13Pe[s LeAGE D IBosifgIForresponding to the

reference event is employed and a second control code set
uniquely is added to obtain a second result of coding:;
. and

in the particular coding step of the image coding
program, coding process is performed to the quantized
transform coefficient using a prescribed coding system,
and a first control code that is distinguishable from the
second control code is added to obtain a result of

particular coding.

27. A recording medium for image coding program as
defined in claim 25 wherein the second variable length
coding step of the image coding program includes:

a main second variable length coding process where
the transformation process is performed to the guantized
transform coefficient, and using the result of the
transformation process, comparison process is performed
with a reference event included in the variable length
code table to obtain a main second result of comparison,
and if the main second result of comparison shows
“matching”, a variable length code corresponding to the
reference event is employed and a second cdntrol code set

uniquely is added to obtain a main second result of coding;
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1407, in-a_subsequent step 1408, it is deci ded whether an |nput varlable
| engt h codé processed is-a |ast i nputogari abl e Ienﬁmh code or not; if it is

the-l ast one, the coding process is conplet egw ’IH ’mﬂml" t he gzggr
step

hand, if it is not the |ast one, the operati
after |j i s i ncrenment ed by 1 in step 1410, mhereby a nekt Y ngut vari abl e

| ength code is processed in the same manner. Thus, the process is continued
to the | aghdvariable | ength code. As descri bed above, in the image codi ng
met hod according to the fifth enbodi nent, as shown in step 1203 of figure

12, transfor matd @mpPIsRERSSd iva PE4HDE NESN FBhWAbEA NG Yirdicesd syHrerd orned to
the Level value included in an input event which is an object to be

processedj fUshRd néd M NOEEof@Crded 1RasTd Wnpa BU8OhT @dkisOmoCHowand in
step 1204, conparison process is performed using a transforned

"matching”, a second transformation process is performed
to the quantized transform coefficient with a prescribed
second function, and using the result of the second
transformation process, comparison process is performed
with a reference event included in the variable length
code table to obtain a sub second result of comparison,
and if the sub second result of comparison shows “matching”,
a variable length code corresponding to the reference
event is employed and a third control code which is
distinguishable from the second control code is added to
obtain a sub second result of coding; and

if the sub second result of comparison does not show
“matching”, the second result of comparison also does not
show “matching”; and

in the particular coding step of the image coding
program, coding process 1is performed to the gquantized
transform coefficient using a prescribed coding system,
and a first control code which is distinguishable from
each of the second and third control codes is added to

obtain a result of particular coding.

28. A recording medium for image coding program as
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I nput event—which has been subj ected to the transformati on process;
therefor e for referermge events included in a variable

l ength c Eﬁi‘ m m\m‘eased and a rate of performng fixed | ength coding
in step ¢l Lreduoed* and a possibility that short codes are allocated

in variable length coding is increased as well by using a variable
| ength code, resulting in inproved coding efficiency. Further, since the

I mage codigreE ianriod usl 8imt e fiheddei@nbodi nent conprises a variable | ength
coder 211 perform ng the above-described coding nmethod, it is possible to

obtai n a resul ti okt heoslé 8gnHard 1da b PN RMRLL IC 0BBA 89S P8p ot tRebimalgé ng a
single variable | ength code
coding program, the transformation process is performed
to the quantized transform coefficient, and using the
result of the transformation process, comparison process
is performed with a reference event included in the
~ variable length code table to obtain a second result of
comparison, and if the second result of comparison shows
“matching”, a variable length code corresponding to the
reference event is employed and a control code and a second
mode code are added to obtain a second result of coding;
and
in the particular coding step of the image coding
program, coding process is performed to the quantized
transform coefficient using a prescribed coding system,
and a control code and a first mode code which is
distinguishable from the second mode code are added to

obtain a result of particular coding.

29. A recording medium in which recorded is an image
coding program which obtains transform coefficients for
an image to be coded by a prescribed transformation method,
performs quantization process to the transform

coefficients using a prescribed quantization scale to

obtain quantized transform coefficients, and then
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tabl e sv\,het her- the conpression ratio of the conpression coding by the coder
203 is high or low. Furthernore, accd®ing m ﬁ di ng net hod and
i mage decodi ng apparatus of the fifth enbodlﬂlj m"umﬂmﬂ e decodi ng
process can be performed corresponding to thé réesutt *of *colling derived in

t he above-described manner to obtain reconstructed image. Although in the
fifth enmbodinent it is described that transformation process i s perforned

to Level PREFQIBG VATARLhfedeD Gk COSARS HLAGSSoh 55 §8&s AR 15 Der f or med

to Run in place of Level. Enbodiment 6. In an imge codi ng_net hod according
to a si xt hraRBdeTHe ot mbepEasEREerAidt itth,2 i ieptakéc ot eAFhput event

transformati on process is perforned to a reference _event, and then
conpari sofi°fs peifle eemprising a plurality of reference events

paired with variable length codes, said program including
a variable length coding step which comprises the steps
of:

performing division process to the guantized
transform coefficient using a divisor decided on the basis
of the quantization scale to obtain a quotient and a
remainder;

obtaining a result of comparison with quotient by
comparison process with a reference event included in the
variable length code table, using the quotient; and

| if the result of comparison with guotient shows

“matching”, employing a variable length code
corresponding the reference event and adding an auxiliary
code obtained by performing coding process to the
remainder using a prescribed coding system to obtain a

result of coding.

30. A recording medium in which recorded is an image
coding program which obtains transform coefficients for
an image to be coded by a prescribed transformationmethod,
performs quantization process to the transform

coefficients using a prescribed quantization scale to

—
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ure 15 is a flowchart shomnni"the procedure of a 60 variable length

COdI ng met hod ac Ell I “mmum xt h ééodi nent. An i mage codi ng appar at us
accordi ng to the

al so has the sanme configuration as that
of the first enbod |nent and °t hus figure 2 will be used for the
description. An inmge codlng process according to the sixth enbodi nent
differs fromthat of the first enbodinment only in the process by the
vari-abl e |lcdrgin cgdent2kedshmans fofmgaee £Zicama ishusarnd dekBeni ption i s
gi ven of the operation by the variable |l ength coder 211 in the coding
process bglemforinh veftabheeleéngthgoodin§. pFotksewi hg the quantazedn of the
process in step 1501, in step 1502, a j-th input event consisting of (Last,
Run, | evelyramssbbrai nedffA qeants za¢fenring to a variable length
code table comprising a plurality of reference events
paired with variable length codes, said program including
a variable length coding step which comprises the steps
of:
performing transformation process using a
particular function to a reference event included in the
variable length code table, based on the quantization
scale, to generate a transformed event:;
obtaining a result of transformation comparison by
comparison process between the quantized transform
coefficient and the transformed event; and
if the result of transformation comparison shows
“matching”, obtaining a result of coding using a variable

length code corresponding to the reference event based

on which the transformed reference event is generated.

31. A recording medium in which recorded is an image
decoding program which performs extraction to

compression-coded data as an object of decoding to obtain
a variable length code included in the data and use the
code as an input variable length code, and generates an

output transform coefficient from the .input variable

——————
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scal e used in quantization process is also input. In step 1503, an I- —

refer‘énce event is taken froma vari ajgee | ength code tabl e, Hﬂ“’m

1504, the reference event is subjected to transformation pr m”fm””m
ds thes +

generate a transforned reference event. In the sixth enbodi nent ¢

transformati on process, an Ofset, which is set according to the

quanti zation scale input in step 1502, is added to a Level value included
in a referemearewesde trefehiringas® setdihgbles pengahmebder salkchea way t hat
Ofset = 5 when quantization scale is 1 or 2, Ofset = 4 when quantization

61 scal e comprirsig Afpehiral3 tWhedt quafd tenatéosveaalse das redrwbthOf fset 2
when quanti zation scale is 7 or 8 Ofset = 1 when quantization scale is 9
or 10, angFdsticevRriable length codes, said program comprising:

a coding process decision step of deciding which is
the input variable length code from'among a first result
of coding obtained by a variable length coding process,
a second result of coding obtained by a variable length
coding with a transformation process, and a result of
particular coding obtained by a coding process according
to a particuiar coding system;

a first variable length decoding step of, if the
result of decision in the coding process decision step
shows “first result of coding”, performing comparison
process between the input variable length code and a
reference variable length code obtained from the variable
length code table by the reference, and if the result of
comparison shows “matching”, generating the output
transform coefficient using a reference event
corresponding to the reference variable length code;

a second variable length decoding step of, if the
result of decision in the coding process decision step
shows “second result of coding”, performing comparison
process between the input variable length code and a
reference variable length code obtained.fronlthe'variable

length code table by the reference, and if the result of
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when quanti.zation scale is equal to or nDré“rhan_II““For ‘exanple, in the
case mhere .an event as -an object to be7co Level) = (O,
1, 6), if transformation process to refere mﬁn‘mgm‘performd this
means that a matching reference event is foun ence events

shown in figure 19; a code corresponding to it |s used, and the result of
coding obtained is 13 bits. On the other hand, in the case where

quant i zat i dmp£ad ohs showyd ‘et SpiEg ey eperitd rasery asn t hevebgsect, a
transformation process in which 4 is added to the Level value is perforned

to all of thensebengréencyiicesa wRitablie Lendidvawosde 6ertrsponding to the
reference event (0, 1, 2) shown in figure 19 is used and thus 7 bits are

obt ai ned, wWagHroRARTildMatpoddds @sedsaved oGP | $OonNevath the case in
whi ch the above-descri bed transformati on process Is not perforned.

Ther ef ore,oweggh POt 2BnEfosed dethecienel @hd
a particular decoding step of, if the result of ce
decision in the coding process decision step shows “ result
of particular coding”, performing a decoding process to
the input variable length code, which process is an inverse
of the coding process according to a particular coding
system for coding, to generate the output transform

coefficient.

32. A recording medium for image decoding program as
defined in claim 31 wherein, in the coding process decision
step of the image decoding program, it is decided whether
or not the input wvariable length code includes one of a
second control code indicating that the input code is
obtained by a variable length coding process with a
transformation process and a first control code
indicating that the input code is obtained-by coding
process according to a particular coding system, and if
it is decided that none of the control codes is included,
the first variable length decoding step is performed, if
it is decided that the second control code is included,

the second variable length decoding step is performed,
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a reference event—Ts Tdentical to a nethod of deducting an Ofset fromthe

Level ' of an ev vel) WRich is an obj ect to be coded and
conparing it le m‘m Fvarl able length code table. As described in
the fifth enbo ,LSIHCESa.Wa|Ue of a quantized coefficient tends to

I ncrease as a 62 quantization scal e decreases, a frequency at which an

event having a |arge Level val I h
hand, t heaPari BB P mm@a@‘é&%ﬁ&%ipﬁt?rf%glué‘%ég%ése?mc?&g%c§2°.t A

SU|tabIe for coefficients having a high conpression ratlo and i nclude nman
events hatheg partiicubys| degrdéag ﬁﬁ@rﬂaflo? ggeaﬁama an O f set Y

33. A recording medium for image decoding program as
defined,in claim 31 wherein:

in the coding process decision step of the image
decoding program, it is decided whether or not the input
variable length code includes a second control code
indicating that the input code is obtained by a variable
length coding process with a transformation process and
a first control code indicating that the input code is
obtained by a coding process according to a particular
coding system, and if it is decided that none of the control
codes is included, the first variable length decoding step
is performed, and if it is decided that the first control
code is included, the particular decoding step is
performed;

if it is decided that the second control code is
included, a second control code decision step is further
performedjjlwhichjj:isdecidedwhetherthesecondcontrol
code is a second control code indicating that the second
control code is obtained by a variable length coding
process with a first transformation process or a third
control code indicating that the second control code is

obtained by a variable length coding process with a second

-"-—"__’-___,__-——""—'“
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to ? téyel value included in a reference event can raise a rate of

perform mll ml nﬁ mh codi ng usifg short codes, thereby inproving the
conpressiig mmn lﬁ, H p 1505, decision process is performed based on the
result of “the cdonparfsoh in step 1504. If the decision in step 1505 shows a

match, step 1507 is carried out after the perfornance.of step 1506, where a
variabl e | ength code corresponding to the i-th reference event is output,

fol | owed Q¥a§gggfgggiaﬁngboﬁégg;bgn@escribed later. On the other hand, if
no match is found, step 1507 is perfornmed. In step 1507, it is decided

whet her the i-th nefer&ncsn@kantiisle 1asytheleceddae\widp igltided in the
variable length cod table; if it is the last reference event, step 1508 is

per ‘;fregeggglgt;ae} {deé'rc%idlﬁgg theodAsh, rekerencs quentied R aparmtionlis returned
second control code, a first inverse transformation
process which is an inverse of' the first transformation
process in coding process is performed, and if it is
decided that it is the third control code, a second inverse -

transformation process which is an inverse of the second

transformation process in coding process is performed.

34. A recording medium for image decoding program as
defined in claim 31 wherein:

in the coding process decision step of the image
decoding program, it i.s decided whether or not the input
variable length code is a set of control code and second
mode code indicating that the input code is obtained by
a variable length coding process with a transformation
process and a set of control code and first mode code
indicating that the input code is obtained by a coding
process according to a particular coding system; and

if it is decided that none of the sets is included,
the first variable length decoding step is performed, if
it is decided that the set of control code and second mode
code is included, the second variable length decoding step

is performed, and if it is decided that the set of control
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incremented by 1 in step 1512, and the follow ng steps endi ng-w ththe
decision ip step 1507 are perforned agai-n. By the processes

t hrough 1507, the 63 conparison between a j -th input evenwmm B"!ﬂ ﬁl,”“",
ref.erence event included in the variable length code table is repe

until the decision in step 1505 shows a match between themor it is deC|ded
In step 1507 that the treated event is the |last one. In-other words, the
conpari sogods eomt imuedk unbide vagiealilse irerigidedpdthg psrparfdrared or t he

| ast one of the variable I ength code table is conpared. In the case where
it is dechjdeddimestsedS0d pbatorhed.reated event is the last one, that is

I n the case where
35. A recording medium in which recorded is an image
decoding program which performs extraction to e
compression-coded data as an object of decoding to obtain
a variable length code included in the data and use the
code as an input variable length code, and obtains by
extraction a quantization scale used for coding which is
included in the compression-coded data and an input
auxiliary code obtained based on a remainder derived from
a division process for coding, and generates an output
transform coefficient from the input variable length code
referring to a variable length code table comprising a
plurality of reference events paired with reference
variable length codes, said program including a variable
length decoding step which includes the steps of:
performing comparison process between the input
variable length code and a reference variable length code
obtained from the variable length code table by the
reference, and if the result of comparison shows
“matching”, obtaining a reference event corresponding to
the reference variable length code and multiplying it
with the remainder obtained based on the quantization

scale; and
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the conparison using the table is conplet ed‘f—OT_‘t'*m,rT “th—input event, it is
found that, variable | engt h codi ng canhit be step 1508
fixed Iength coding is perforned to the |np %m&u I Bt the result of
the coding with a control code, followed by ep 1509
perfornmed subsequent to step 1506 or step 1508 It is decided whet her an

| nput event processed is a last input event or not; if it is the |ast one,

t he- codi ng progessfosnionpitet ehd nrgiwep dS5401iktyi code rotdadedingt one, on
the other hand, the operation is returned to step 1502 after j is

i ncr enent e due sls iwhistlep s184 1i nwhes ebyf heexbdiimguprecests by whbcbkssed in
the sanme manner. Thus, the process is continued to the | ast non-zero
coeffici enfhe i@k ei d6atgud reldyck didgtaim i bhudhwvatriseg durel 1 haey
configuration of the variable I ength coder (211 in figure 2) used in an

i mge codicie PPt éhts aadottieny gex fdembngt Addition process to

*+generate an output transform coefficient.

36. A recording medium in which recorded is an image
decoding program which performs extraction to
compression-coded data as an object of decoding to obtain
a variable length code included in the data and use the
code as an input variable length code, and obtains by
extraction a quantization scale used for coding which is
included in the compression-coded data, and generates an
output transform coefficient from the input variable
length code referring to a variable length code table
comprising a plurality of reference events paired with
reference variable length codes,

said program including a variable length decoding
step in which comparison process is performed between the
input variable length code and a reference variable length
code obtained from the variable length code table by the
reference, and if the result of comparison shows
“matching”, a reference event corresponding to the
reference variable length code is obtained, and then

transformation process is performed using a prescribed
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64 enbodi nent of the present invention. -As—shewn—n—the—figure, the

vari abl e length coder conprises: a vapi abI ble 1601, a Level
transforndtion unit 1602, a conparator ﬁmmaﬁﬂﬂﬁ h coder 1604, and
a switch 1605, and receives an input even ion scale as
inputs and outputs a resul't of coding. The var| able length code table 1601
is shown in figures 19 through22. The Leveltransformation unit 1602

recei ves sdn@4add 3att 108 beedlofrthaquehtrients @vera last brgrner ahe
transforns a Level value of the reference event corresponding to the

quant i zaghon, € tPafsnekal eor fifiansdmwr med ref erence event. The
conpar at or 160
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perforns conpari son process between an input event and the transforned
reference event and outputs a controlnsgignal according to the result of the
conparlson The fixed | ength coder 1604 perforns fixed | ength coding
process to an input event when it is input, and outputs the result of the
codi ng. The switch 1605 perforns switching according to an output fromthe
conmpar at or 1603 and outputs, as a result of coding, one of an output from
the-variable length code table 1601 and an output fromthe fixed | ength
coder 1604. Hereinafter a description is given of the operation of the

vari abl e I ength coder thus constructed, corresponding to the flow of figure
15. In step 1502 of

Abstract

In an image coding method of the present‘'invention,
after a process such as DCT is performed to digital image
data, quantization process is performed, and then, to
resultant quantized transform coefficients, variable
length coding process is performed with reference to a
variable length code table showing how variable length
codes are allocated, and in a comparison process between
an event derived from the quantized transform
coefficients and a reference event included in the
variable length code table, transformation process is
performed to increase a possibility of performing
variable length coding with satisfactory coding

efficiency.
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65 the flow of figure 15, when a quantization scale and an input event (a
j-th one) are input to the variable I ength coder (211 in figure 2), the
guariti zation scale is input to the Level transformation unit 1602 through a

line 1611 and the input event

line 1612.

In step 1503 of the flow of

unit 1602 derives a reference event (
code table through a line 1613, perforns transfornmati on process to the
Level value included in the reference event using the input quantization

scal e, and outp

conpar at or

is input to the conparator 1603 through a

42gure 15, the Level transformation
th one) fromthe variable |l ength

resultant transforned reference event to the

1603LFmaltep 1505 of the flow of figure 15, conparison process
and deci sion process are performed by the conparator1603.
Theconpar at or 1603 per fornmsconpari son

( START ;

\

input j-th input event of I~
coefficient (last,run,level)

!

Compare with each reference
event of variable length code table

Increment |~
jby1

Matching
reference event?

S101
S102
S103
o~
S105
S104 §

_| Output variable length code
for matching reference event

5106

Transform level of input event
with prescribed function to
generate transformed input event

il

S107

Compare transformed input |~
event with each reference event
of variable length code table

Matching
reference event?

S110

S108 §
Output second control code
| and variable length code for
matching reference event

S109

Output first control code
and fixed length code

Last input
event?

St S112



process between the input event and the transformed reference event which
are input, *and deci des whether these events match or not. If the decision
is smatching", the conparator 1603 sends a control signal to the variable
| engt h "code table 1601 through a |ine 1615 so that a code corresponding to
the i-th reference event is output, while sending a control signal to the
swi fch 1605 through a |ine 1617 so t Raf22 he output fromthe variable I ength
code table 1601 is output fromthe switch 1605. Therefore, if the decision
in step 1505 shows "matching”, in step 1506 of 66 the flow of figure 15,

a variable I ength code Eg output fromthe output line 1620 of the switch
1605. a~
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On the -other -hand, if it is found in the conparison process by the
conpar ator ' 1603 that those events do not match, a next reference event (i +
1-th one) is input fromthe variable length code table 1601 to the Level
transformation unit 1602, in response to a control signal through the line
1615. In the flow of figure 15, the stegs starting with step 1503 are
performed again after "i" is i ncr emerli£@2i n step 1512. Wen it is checked
fromthe decision in step 1507 that the conparison process is conpleted for
the | ast one of the variable length code table, the conparator 1603 outputs
the input event (the j-th one) to the fixed length coder 1604 through a
line 1618, while sending a control signal to the swtch 1605 through a line

1617 'so that the output fromthe fixed | ength coder 1604 is used as a code
fromthe switch 1605.
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In 1508 of the flow of figure 15, the fixed |length coder 1604 perforns
codi ng process to the input event input and outputs an obtained result of
coding to the switch 1605 through a |ine 1619. According to the control
signal fromthe conparator 1603, a fixed |ength code is output fromthe
switch 1605 through the line 1620. Follow ng the output fromthe |ine 1620,
a néxt i nput 67 event is input thﬂdﬁﬁh the line 1612, whereby the
processes to input event in the flow of figure 15 is execut ed agai n. The

i mge coding according to the sixth enbodi nent of the present invention is

thus performed, whereas a decodlng process to the coded data obtained
by. such i mage
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coding rs perforned in an i mage decodi ng apparatus shown in figure 4. An

i mge decoding process according to the sixth enmbodinent differs fromthat
of the first enbodinent only in the process by the variable | ength decoder
408: shown in figure 4, and thus a description is given of the decoding
process by the variable | ength decoder 408 below, wth reference to figure
17 show ng the inner configuration t hé£82. As shown in figure 17, the
vari-abl e | ength decoder conprises: a variable length code table 1701, a
conparator 1702, a Level inverse transformation unit 1703, a fixed length
decoder 1704, and a switch 1705, and it receives an input variable | ength
code and a quggﬁjgilion scale as inputs and outputs a result of
regeneration d fromthe decoding process. The variable | ength code

table 1701 is shown in S501

)

S502

Input j-th input variable
length code of coefficient

S504
_D/

Output matching
(last,run,level)

S506

L~
Decode input variable length
code, transform level with =
inverse function and output it

S508
/\/

Perform fixed length decoding
and output (last,run,level)

second
control code?

First
control code?

Error

S510 S511

Last input
variable length
code?




figures 19 through 22. The conparator 1702. perforns conpari son process

bet weeh an jnput variable | ength code and a reference variable |ength code
and outputs a control signal corresponding to the result of conparison. The
68 Level inverse transformation unit 1703 receives a quantization scale and
a reference event as inputs, transforns a value of a Level included in the
ref erence event corresponding to the QMéﬂiization scale to generate a
transforned reference event. The fixed | ength decoder 1704 perforns fixed

| engt h decodi ng process to an input variable | ength code when it is input
and outputs the result of the decoding. The switch 1705 perforns sw tching

correspondi ng Fi:g'g@e output fromthe conparator 1702 and outputs, as a
result of
S601

START

¥ S602

Input j-th input event of |~
coefficient (last,run,level)

! S603

Compare with each reference event
of variable length code table

S605
Increment _{ Output variable length code
i by 1 for matching reference event
A

, $606
Transform level of input event |~
with prescribed function to
generate transformed input event

Se07
Compare transformed input |~

event with each reference event
of variable length code table

S610

Output control code, '0°, and
variable length code for
matching reference event

Maiching
reference event?

S609

Output control code, '1',
and fixed length code |.,

S612
Last input
event?




regeneration,” one of the output fromthe variable I ength code table 1701
and the output fromthe fixed |l ength decoder 1704. Hereinafter a
description is given of the operation of the variable | ength decoder thus
constructed. When a quantization scale and an input variable |ength code
are_.input to the variable length decodg; (408 in figure 4), the

quanti zation scale is input to the LeV€124 nverse transformation unit 1703
through a line 1711, and the input variable length code is input to the
conparator 1702 through a line 1712. The conparator 1702 derives a
reference variable I ength code fromthe variable | ength code table 1701
through a line 1713 and perforns conpari son between the input variable

| engt h code and the reference variable Iength code. If the result of the

conpari son i sFt,Qat? t hese codes

S701
START )
S702
Input j-th input variable I~
length code of coefficient
S704
o~
No control code Output matching -
S712 included? (last,run,level)
Increment S706
j by 1 Vsl

Decode input variable length
code and transform level with
inverse function 1o output it

S708
/\/

Perform fixed length decoding | __
to output (last,run,level)

Next bit is
Oor1?

S710 S711

Last input
variable length
code?




to the variable length

whi l e sending a control

si gnal
t fromthe switch 1705. Fromthe

1702 sends a control
. 1701 through a line 1714 so that a reference event corresponding

ference variable | ength code is output,
to the switch 1705 through a line 1717 so that the code fromthe

t he conparat or

e
)

o

to the re
variable length code table 1701 is ou

code table

69 mat ch
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to a quanti zation scale is added to the Level value included in a reference
value, This is performed in such a way that Offset = 5 when quanti zation
scale is 1 or 2, Ofset = 4 when quantization scale is 3 or 4, Ofset = 3
when quanti zation scale is 5 or 6, Ofset = 2 when quantization scale is 7
or 8, Ofset = 1 when quantization scale is 9 or 10, and Ofset = 0 when
quanti zation scale is equal to or mor®/2Ran 11. For exanpl e, when an i nput
variable length code is "0101000", (Last, Run, Level) = (0, 1, 2) is
derived as a reference event froma table 70 shown in figure 19. The
Level inverse transformation unit 1703 adds 4 to the Level included in th
Is reference eﬁtgtgi nput if the input

S901

(LSTART )

Input j-th input variable |~

length code of coefficient
S904
~
No control code Output matching
included? (last,run,level)
S906
increment | Y P

jby1

Decode input variable length
code and transform level with
inverse function to output it

S908

~
Decode input variable length
code and transform run with
inverse function to output it

S909

Next bit is
Oor1?

Next bit is
Oort?

Perform fixed length decoding |
to output (last,run,level)

5910 S911

Last
input variable
length code?




gquanti zation-'scale is 4, the outputs the obtained result (0, 1, 6) to the
switch 1705 through a line 1716. Then, corresponding to the control signal
fron1er conparator 1702, the switch 1705 outputs this result as a result
of sregeneration through the line 1720. Wen the deci si on shows "matching”,
a variable length code is output fromthe output |ine 1720 of the switch
1705. On the other hand, when no mat ctdx@2variable length code is found in
t he- conpari son process by the conparator 1702, the conparator 1702 outputs
the input variable |length code to the fixed | ength decoder 1704 through a
line 1718, while sending a control signal to the switch 1705 t hrough the
line 1717 so tRjgy.4(Fode fromthe fixed | ength decoder 1704 is output from
the switch 1705.Thereby, a result of fixed |length decoding is output from
the output line 1720 of the switch 1705. Thus, according to the inage
codi ng nethod according to the sixth enb&0R&nt, the transformation process
shown in step 1502 of START

—

S1002

Input j-th input event of
coefficient (last,run,level)

& $1003
Compare with each reference event }~~

of first variable length code table

51005
S1004 o

Y Output variable length code | _
for matching reference event

S1012
/\/

Increment
jby 1

Matching
reference event?

S1006

Compare with each reference event
of second variable length code table

$1008
S1007 ~
Output control code,'0’, and
variable length code for
matching reference event

Matching
reference event?

S1009

Output control code, '1', |~
and fixed length code

Last input
event?




figure 5 i.s perfornmed to a reference event include din a variable I ength
code table; therefore, a rate of perform ng variable I ength coding and a
rate€ at which short codes are allocated are increased as in the first

enbadi ment where the sane transfornmation 71 process is perforned to

I nput event, resulting in inproved codigg efficiency. Further, since the

i mage codi ng apparatus according to th&/2%th enbodi ment conprises a
variabl e I ength coder 211 having the inner configuration shown in figure 16
and i npl enmenting the above-described coding nethod, a result of coding
havi ng i nproved conpression ratio can be obtained using a single variable

| engt h code tapiig.vyn}et her

- S1101

(_START )

\ S1102
|~

Input j-th input variable
length code of coefficient

S1104

Make comparison using
first table to output ——
matching (last,run,levei)

S1106

7
Make comparison using

second table to output
matching (last,run,level)

S1108
—~

Perform fixed length decoding
to output (last,run,level)

Increment
jby1

next bit is
Oor1?

S1111

Last input
variable length
code?




t he conpressi-on ratio of the conpression coding by the coder 203 is high or
| ow. Furthernore, by the image decodi ng nmethod and i mage decodi ng apparatus
according to the sixth enbodi ment, appropriate decodi ng process can be
performed corresponding to the result of coding derived in the
above-descri bed manner to obtain a reconstructed i mage. Although in the
si xth enbodi ment a nethod of adding QR{422 is used as a transformation
process to reference event, the process is not limted to this nmethod only
and ot her qufqucé may be applied. For exanple, the above-described effect
by Lt

can be obt ai elg he foll ow ng . net hods: ging a multiple to a Level
val ue according to a quantization scale; s cting to quadratic function;
and changi ng a dynam c range of (agyenef .Y Further, as is illustrated in the

description of the

— S§$1202
Input j-th input event of (\/

coefficient (last,run,level)
and quantization scale

, $1203

Divide level according to ~
quantization scale
to obtain quotient

S1211 51204
o~ Compare (last,run, ~
increment quotient of level) with

jby1 each reference event of
4 variable length code table

Matching
reference event?

S1207
\ o~

_Output variable length code
for matching reference event

51206

Output control code and
fixed length code S1208

o~

Perform fixed length coding
to remainder of level

S1210
Last input
event?




transf oy it i-on’ process to input event in the first 72 enbodi nent as wel |
as in ather.enbodinents, it is possible to performtransformation process
to a value of Run of a reference event, in place of a transformation
proceéss to a Level thereof. As described in the enbodi ments of the present
invention, in any of the enbodi nents, ,th é)rocedure presented referring to
the flowhart thereof is just one exaﬁ‘a/gz, and ot her procedure inplenenting
t he sane codi ng and decodi ng nethods may be used. | Furthernore, the inmage
codi ng appar atuses and i mage decodi ng apparatuses of the first through

si xth

Fig.13 (a)
QUANTIZATION NUMBER OF BITS
SCALE DIVISOR | 3¢ REMAINDER
1~7 2 1
=8 1 0
Fig.13 (b)
QUANTIZATION NUMBER OF BITS
SCALE DIVISOR | 3¢ REMAINDER
1~3 4 2
4~11 2 1
=12 1 0




enbodi nents of the present invention are realized by recording, in
recordi ng medi a, an inmage codi ng program i npl enenting the inage codi ng

met hods of " the respective enbodi nents and an i mage decodi ng program

i np) enenting the i nage decodi ng net hods of the respective enbodi nents, and
runni ng the recorded prograns on a conputer systemincluding a personal
conputer and a work station. Recordingf I a capabl e of recording such
prograns nay be enpl oyed: for exanple, floppy disks or optical disks such
as CD-ROM Industrial Availability As descri bed above, the inmage coding
met hods and i nage codi ng apparatuses of the present invention are able to

Fig.14
S1401
START
$1402
Input j-th input variable length |~
code of coefficient and
quantization scale
$1403 S1404
Perform fixed length
Control cod?e decoding to output
is included? (last,run, level)
Increment S1410
jby 1 ~ S1405
‘ Make comparison using
variable length code table to
output matching (last,run,level)
S1406
Multiply level according to
quantization scale to obtain product
S1407
o~
Decode and add remainder of level
to product of level and output it
S$1408
S1409
Last input
event?




73 perform codi ng process at a high conpression ratio to a w de range of

obj ects havjing various conpression ratios, using a single variable |ength
code tabl e, when an object to be processed is the data conpression-coded by
subjsecting digital image data to DCT or-waveform coding. Further, the inage
decodi ng nmet hods and i mage decodi ng apgaratuses of the present invention
are able to perform appropriate decodi g(@ﬁocess to a result of coding

whi ch has been subjected to the above-descri bed efficient coding process,
to obtain reconstructed i mages. Furthernore, a recording nedi um contai ni ng
an i mage codinng&§QWE£1and a recordi ng nmedi um contai ning an i mage decodi ng
program accor di fgi¥o e present invention are able to inplenent an inage
codi ng appar atus capabl e of obtaining a result Sf50gdodi ng with a high

conpression ratio START

— S§1502
tnput j-th input event of |~

coefficient (last,run,level)
and quantization scale

]

$1503
Input i-th reference event of
S1511 variable length code table
Increment S1504
jby 1 Subject level of i-th ~
reference event to function
process to obtain
transformed reference event
S1512 ,
et
Increment S1505 /51 506
iby1 . ;
L by Match between i-th Output variable

length code for i-th
reference event

input event and transformed
reference event?

S1507

Last reference
event?

S$1508

Output control code and o~
fixed length code

S1510

Last input
event?




and an image .decodi ng apparatus capabl e of appropriately processing the
resul t* of egoding, utilizing a device resource fully, by running the
recerded prfograns on a conputer system ANNDND CLAI M5l 1. An

i mage cbding nethod in which transformcoefficients are obtained by a
prescribed transformati on nmethod, quantization process is perfornmed to the
transform coefficients using a prescr1ﬁxﬁg2quantization scale to obtain
guanti zed transform coefficients, and variable | ength coding process is
perfornmed to the quantized transformcoefficients re ferring to a variable
| ength code table conprising a plurality of reference

Fig.16
1601
s 1(;16
variable length |
code table
1613~ 1202 ~~1615
1611
| ‘ | 1604 el okl i
iz ati E, eve
quantization transformation unit S 1619
sl fixed S
1612 1014 length coder
'2 2 1617
input event comparator 1618 5
(last,run,level) 5
1603
Fig.17
1703
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level =1 ) 1720
variable length transtormation unit ni i
code table e | !
17511 1714 1704  L- 1
quantization | § 71
scale 1713~ 1701 _
1702 fixed
1712 S length decoder 1717
input variable ) , comparator — ~ 1718 3
length code




events parrred with variable |l ength codes, said nethod conprising: a first
variable | eggth coding step of obtaining a first result of conparison from
conparison process between the quantized transform coefficient and a

ref erence event included in the variable |l ength code table, and if the
first. result of conparison shows 'matching”, obtaining a first result of
coding using a variable |l ength code cd??@%bonding to the reference event; a
second variable length coding step of, jf the first result of conparison
does not show 'matching”., performng transformati on process to a specified
part of the quantized transform coefficient using a prescribed function to
generate a quantized transform coefficient

Fig.18
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jby 1 reference event

\
S1806

Output ESC code and } ™"
fixed length code

Last input
event?




for conparison process, and obtaining a second result of conparison by
conparfson Process between the quantized transform coefficient for

conpaari son process and a ref erence event included in the variable length
codes table, and if the second result of conparison shows "natching",
obtaining a second result of coding which is distinguishable fromthe first
result of coding using a variable Iendﬁh/%%de corresponding to the

ref erence event; and a particular coding step of, if the second result of
codi ng does not show "matching", performng coding process to the

gquanti zed transform coefficient using a prescribed coding systemto obtain
a result of coding which is distinguishable fromeach of the first

Fig.19

INDEX LAST RUN LEVEL BITS VLC CODE
0 0 0 1 3 10s
1 0 0 2 5 1111s
2 0 0 3 7 0101 01s
3 0 0 4 8 0010 111s
4 0 0 5 9 0001 1111s
5 0 0 6 10 0001 0010 1s
6 0 0 7 10 0001 0010 0s
7 0 0 8 11 0000 1000 01s
8 0 0 9 11 0000 1000 00s
9 0 0 10 12 0000 0000 111s
10 0 0 11 12 0000 0000 110s
11 0 0 12 12 0000 0100 000s
12 0 1 1 4 110s
13 0 1 2 7 0101 00s
14 0 1 3 8 0001 1110s
15 0 1 4 11 0000 0011 11s
16 0 1 5 12 0000 0100 001s
17 0 1 6 13 0000 0101 0000s
18 0 2 1 5 1110s
19 0 2 2 9 0001 1101s
20 0 2 3 11 0000 0011 10s
21 0 2 4 13 0000 0101 0001s
22 0 3 1 6 0110 1s
23 0 3 2 10 0001 0001 1s
24 0 3 3 11 0000 0011 O1s
25 0 4 ) 6 0110 0s
26 0 4 2 10 0001 0001 Os
27 0 4 3 13 0000 0101 0010s
28 0 5 1 6 0101 1s
29 0 5 2 11 0000 0011 00s
30 0 5 3 13 0000 0101 0011s




and second results of coding. 2. An i mage codi ng nmethod as defi ned
in clai‘m1 gherein: in the second variable length coding step, the
transformation process is perfornmed to a specified Rart of the quantized
transform coefficient, and using the quantized transform coefficient for
conpari son process, conparison process is performed with a reference event

I ncluded in the variable | ength code t¥b782t 0 obtain a second result of
conparison, and if the second - result of conparison shows "matching', a
vari able |l ength code corresponding to the reference event.is enployed and a
second control code set uniquely is added to obtain a

Fig.20

31 0 6 1 7 0100 11s

32 0 6 2 11 0000 0010 11s
33 0 6 3 13 0000 0101 0100s
34 0 7 1 7 0100 10s

35 0 7 2 11 0000 0010 10s
36 0 8 1 7 0100 O1s

37 0 8 2 11 0000 0010 O1s
38 0 ) 1 7 0100 Q0s

39 0 9 2 11 0000 0010 00s
40 0 10 1 8 0010 110s

41 0 10 2 13 0000 0101 0101s
42 0 11 1 8 0010 101s
43 0 12 1 8 0010 100s
44 0 13 1 g 0001 1100s
45 0 14 1 9 0001 1011s
46 0 15 1 10 0001 0000 1s
47 0 16 1 10 0001 0000 0s
48 0 17 1 10 0000 1111 1s
49 0 18 1 10 000 1111 0s
50 0 19 1 10 0000 1110 1s
51 0 20 1 10 0000 1110 0s
52 0 21 1 10 0000 1101 1s
53 0 22 1 10 0000 1101 Os
54 0 23 1 12 0000 0100 010s
55 0 24 1 12 0000 0100 O011s
56 0 25 1 13 0000 0101 0110s
57 0 26 1 13 0000 0101 0111s




second, result of coding; and in the particular coding step, coding ptocess
is perfornegl to the quantized transform coefficient using a prescribed
coding systemand a first control code which is distinguishable fromthe
second control code is added to obtain a result of particular coding. 3.

An igmmge coding nethod as defined in claim1l wherein the second variable

| ength coding step includes: a main s@Pah@2vari abl e | engt h codi ng process
where the transformation process is performed to a specified part of the
quantized transform coefficient, and using the quantized transform
coefficient for conparison process, conparison process is performed with a
reference event included in the variable I ength code table to obtain a main

second result Eig(.:éqf)arison, and

INDEX LAST RUN LEVEL BITS VLC CODE
58 1 0 1 5 O11s
58 1 0 2 10 0000 1100 1s
60 1 0 3 12 0000 0000 101s
61 1 1 1 7 0011 11s
62 . 1 1 2 12 0000 0000 100s
63 1 2 1 7 0011 10s
64 1 3 1 7 0011 01s
65 1 4 1 7 0011 00s
66 1 5 1 8 0010 011s
67 1 6 1 8 0010 010s
68 1 7 1 8. 0010 001s
69 1 8 1 8 0010 000s
70 1 9 1 9 0001 1010s
71 1 10 1 9 0001 1001s
72 1 11 1 9 0001 1000s
73 1 12 1 9 0001 0111s
74 1 13 1 9 0001 0110s
75 1 14 1 9 0001 0101s
76 1 i5 1 9 0001 0100s
77 1 16 1 9 0001 0011s
78 1 17 1 10 0000 1100 Os
79 1 18 1 10 0000 1011 1s
80 1 19 1 10 0000 1011 Os
81 1 20 1 10 0000 1010 1s
82 1 21 1 10 0000 1010 Os
83 1 22 1 10 0000 1001 1s
84 .1 23 1 10 0000 1001 Os
85 1 24 1 10 0000 1000 1s
86 1 25 1 11 0000 0001 11s
87 1 26 1 11 0000 0001 10s
88 1 27 1 11 0000 0001 O1s




i f the pai*n-second result of conparison shows 'matching”, a variable length
code_corresponding to the reference event is enployed and a second control
code set _uniquely is added to obtain a main second result of coding; and a
sub 8econd vari able I ength coding process C L M s * where, if
the main second result of conparison does not show "matching", a ceccnd
transformation process is .perforned é@v2§2a pescri bed sacbnd function to a
specidied [err] the quantizec transform coef[err]ient, and [err] conp[err]
included in the variable length code table to [err]

Fig.22

89 1 28 1 11 0000 0001 00s
90 1 29 1 12| 00000100 100s
91 1 30 1 12| 00000100 101s
92 1 31 1 12 | 00000100 110s
93 1 32 1 12 0000 0100 111s
94 1 33 1 13 0000 0101 1000s
95 1 34 1 13 0000 0101 1001s
96 1 35 1 13 | 00000101 1010s
97 1 36 1 13 | 0000 0101 1011s
98 1 37 1 13 0000 0101 1100s
99 1 38 1 13 | 0000 0101 1101s
100 1 39 1 13 | 00000101 1110s
101 1 40 1 13 0000 0101 1111s
102 ESC 7 0000 011




sub seeonﬂ result [err] result of conparison shows [err] code correspondi ng
to the Tefexence event is enployed and a third control code which is
dlstanULshabIe [err]the second control code is added to obtain a sub
second: esult of coding; and in the varlable | ength coding step, if the sub
second result of conparison does not ow."matchi ng", the second result of
conpari son al so does not show ' natchi ,2and in the particular coding
step, coding process is perfornmed to the quantized transform coefficient
using a prescribed coding system and a first control code which is

di stingui shable fromeach of the second and third control codes is added to
obtain a result of particular coding. :

Fig.23 (a)

INDEX RUN CODE
0 0 000 000
1 1 000 001
2 2 000 010
63 83 111 111

Fig.23 (b)

INDEX LAST CODE
- -128 FORBIDDEN
0 -127 1000 0001
125 -2 11111110
126 -1 1111 1111
- 0 FORBIDDEN
127 1 0000 0001
128 2 0000 0010
253 127 01111111




4. ° ) An i mage coding nethod as defined in claim 78" 1 wherein: in

the senond variable |l ength coding step-, the trans [err] [err] [err] to

the. referernce event is enployed and c control code and apsegont e
?l@ﬁl@yﬁ

code are added to obtain. a second :cesult of coding; and i §RE] h.‘*%g

coding stetp, coding process iS perforned to the quantized trf‘f*ﬁ??ﬁm

4
e
)m—-j

&
§ &35

me:mﬂ.\mi E %

oefficient using a prescribed coding system and a control. |c decgngggaq%g
first node code which is distinguishable fromthe second node R
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Brief Description of the Drawings

Figure 1 is a flowchart illdstrating the procedure of a variable length
coding method according to a first embodiment of the present invention.

Figure 2 is a block diagram illustrating the configuration of an image
coding apparatus according to the same embodiment.

Figures 3 are explanatory diagrams illustrating examples of a code
transformed by the variable length coding method according to the same
embodiment.

Figure 4 is a block diagram illustrating the configuration of an image
decoding apparatus according to the same embodiment.

Figure S is a flowchart iﬂ‘iiéi:ré.ting the procedure of a variable length
decoding method according to tie same embodiment.

Figure 6 is a flowchart iﬁii‘sffating the procedure of a variable length
coding method according to a second embodiment of the present invention.

Figure 7 is a flowchart ﬂhiétratmg the procedure of a variable length

decoding method according to the sétme embodiment.

Figures 8 are flowcharts ﬁiii%‘;ti'ating the procedure of a variable length

coding method according to a third embodiment of the present invention.




code are added to obtain a result of particular coding. 5. -An imge coding
met hod in which transformcoefficients are obtained for an.inege—t-e—-be-—
coded by a prescribed transformati on nmethod, quantization @E@g@@gﬁ
performed to the transform coefficients using a prescribed quanttzatTo
scal e to obtain quantized transformcoefficients, . and va‘;i;ﬁabj?% Iggpgg% :
coding process is perforned to the quantized transform

IP—

oef Fircrent's™ |
referring to a variable | ength code table conprising a pl urality.-0f. e

reference events paired with varzabl e igngth codes, sand thod including aj

vari abl e |l ength codi nog step which conprises the steps of*—perzformmg"
[err] process to a specified part

Figure 9 is a flowchart illustrating the procedure of a variable length

decoding method according to the same embodiment.

Figure 10 is a flowchart illustrating the procedure of a variable length
coding method according to a fourth embodiment of the present invention.

Figure 11 is a flowchart illustrating the procedure of a variable length

decoding method according to the same embodiment.

Figures 12 is a flowchart showing the procedure of a variable length
coding method according to a fifth embodiment of the present invention.

Figures 13 are diagrams illustrating relations between quantization
scales and divisors used for transformation process in the variable length
coding method according to the same embodiment.

Figure 14 is a flowchart illustrating the procedure of a variable length

decoding method according to the same embodiment.

Figure 15 is a flowchart illustrating the procedure of a variable length
coding method according to a sixth embodiment of the present invention.

Figure 16 is a block diagram illustrating the inner configuration of a
variable length coder included in the image coding apparatus according to

the same embodiment.



of the qhant I zed transform coefficient using a divisor 'decoided based on
t he quanci zation scale, to obtain a qaotient and a renai nder: |

result of conparison with quotient .by conparison process;
event included in the variable length code table, using {4
If the result of conparison with quotient shows 'matchin

T

obt ai_r

nk.-

i

Ll

"1 enpl oyi

variabl e | ength code corresponding to the reference event, argigad8i
der..usin

auxi liary code obtained by perform ng coding process to tthe remai n

e TR B

a prescribed coding system to obtain esult of coding.
| mage codi ng nethod in which transformcoefficients are

ng.a: |
o2 |
ﬁ%‘ga n

An

t ai_ ned. for-af—

i mage to be coded by a prescribed transformation nethod, quantization

process is performed to the transform coefficients using a

Rearrangement is performed in a prescribed order (in zigzags) to

obtain a one-dimensional array, and events are made each consisting

of a number of proceeding zero coefficients (Run) and a value of non-

zero coefficient (Level). Further, Last is added which is the

information indicating whether a transform coefficient represented by

Level is the last coefficient in a block or not. An event thus formed

which consists of (Last, Run, Level) is treated as an input event which

is an object to be processed by the variable length coder 211.

Following the initiation of the process in step 101, a j-th input event

is obtained in step 102. In step 103, comparison is performed

between the input event and a reference event present in a variable

length code table in the variable length coder 211. As for the variable

length code table, the tables of figures 19 to 22 used in the prior art

are used, and comparison is performed with each reference event

included in the table and consisting of (Last, Run, Level).

In step 104, it is decided whether a reference event having a matching

(Last, Run, Level) is found in the above comparison process or not.

When it I is decided in step 104 that the reference event is found, step

105 is performed, and when it is not found, step 106 is performed. At

this point, if step 105 is performed, a variable length code



prescrlbed guanti zation scale to obtain quantized transform coefficients,

and variable I ength coding process is perforned to the qu

plurality of reference events paired with variable | ength
met hod including a variable Iength coding step thich conp

performng transformation process with a prescribed fun
specified- part of a reference event included in the vari
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on the quantization scale, to generate a traaosforned.event.,
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As for the image decoding apparatus of the first
embodiment which is constructed above, a description is
given of the operation for performing the decoding process
to coded data which has been compression-coded by the image
coding apparatus shown in figure 2.

Coded data as an object to be processed is input to

the input terminal 401 , and then analyzed by the data

analyzer 402 to derive a variable length code according
to quantized transform coefficients, and the codes of the
side information including quantization scale and motion
vector. BAmong them, the quantization scale and the
variable length code of the quantized transform
coefficients are transmitted to the variable length

decoder'408'through a line 412, and the motion vector.to

the motion compensator 410 through a line 418 . In the

variable length decoder 408, the variable length code of

the quantized transform coefficients is decoded into
transform coefficients by referring to the variable
length code table, and then the coefficients are
rearranged to obtain compressed difference blocks and the
blocks are output to the decoder:gzi.

In the decoder 403, the compressed difference block

is expanded to generate a difference block. In the

decoder 403 of the first embodiment, inverse quantization



obtalnlng a result of transformation conparison by conpar|§@m_
bet ween the quantized transform coefficient and the transfqr_ i
if the result of transformation conparipgon shows "mat chi ng", .obtaining
result of coding using a variable |ength code correspondi ng "o & Be il 998
reference event based on which the transformed reference eved; I S R
generated. 7. An i mage codi ng apparatus obt ai ni ng |t ranstorm
coefficients for an image to be coded by a prescribed trandformation . .

met hod, | ef bopRirTHmedt 1EBhy0R RUAGRSS 4101 dMes &4 BaSEar pmeoakficieats using

a prescribed quantization scale to obtain quantized transform coefficients,
and perfor ghagtiardabi @4 | eagth theding L e$tst Pet BEcAEaARtl zed transform

coefficients
transformation unit 405 performs transformation to the
result so that a frequency-domain signal is transformed
to a'spatial domain signal. This signal is output as a

difference block to an adder 406.

On the other hand, in the motion compensator 410

receiving the motion vector as an input, an address is
generated based on the motion vector, for use to access
a frame memory 409, and with respect to the image stored
in the frame memory 409, a predicted block is generated.
The predicted block generated is output to the adder 406
where addition process is performed between it and the
difference block obtained by expansion to generate a
reconstructed block. The image thus reconstructed is
output from the output terminal 407 as the output of the
image decoding apparatus, as well as to the frame memory
409 to be stored therein.

Figure 5 is a flowchart showing the procedure of the
variable length decoding method by the variable length
decoder 408 . Hereinafter a déscription is given of the

——

operation of the coefficient variable length decoder 408

in the decoding process, with reference to the flow of
figure 5.

Initially, following the initiation of the process

a




referrlng to a variable length code table conprising a pIurallty of .
reference events paired with variable | ength codes, said adp ‘g“”’ S QTR
i ncluding a variable | ength coding neans for perfornlng a i%r *Mvatﬂapﬁéﬁdi
| engt h codi ng process where transformati on process is perfcrﬁed to a
specified part of the quantized transformcoefficient using d preésgni bk
function to generate a quantized transform coefficient for cdnparlson
process, and a first result of conparison is obtained by cdnparison proce
bet ween the quantized transform coefficignt for conparison;process and a
ref erence event included in the varlablé ength code table, and if the
first result of conparison shows "matching", a first result of coding is
obt ai ned using a vari abl e

variable length coding method according to the third embodiment. An

S VIS 1

image coding apparatus of the third embodiment has the same
configuration as that of the first embodiment, too, and thus figure 2
will be used for the description.

The image coding process according to the third embodiment
differs from that of the first embodiment only in the process by the
variable length coder 211 shown in figure 2, and thus a description is
given of the operation by the variable length coder 211 in the coding
process below with reference to figures 8.

In the flow of figure 8(a), steps 801 through 805 are performed
in the same manner as steps 101 through 105 of the first
embodiment. In the third embodiment, in the transformation process
in step 806, a first transformed input event is obtained by
transformation process using a prescribed function. Here, the
transformation process is performed in the same manner as in the
first embodiment, and a first transformed input event is obtained by
deducting a prescribed Offset from a Le§e1 value included in an input
event. In this case, the maximum Level value corresponding to each
set of (Last, Run) available in the variable length code table shown in
figures 19 to 22 is used as an Offset: for example, Offset = 12 for

(last, Run) = (0, 0), Offset = 6 for (Last, run) = (0, 1), and Offset



| engt h code corresponding to the reference event; a secon
codi ng process where, if the first result of conparison ¢
"mat ching"”, transformation process is performed to a speqg
quantized transform coefficient with a prescribed functio
guanti zed transform coefficient for conparison process, 4
of conparison is obtained by conparison process between t

REPRACEM ] BHOED
08 HOU " SHOW ™3 |
i fli edgpant .ofs the
n it o” Jener dt e aj

nd--a-second-+esul
he quanti zed

[

LU ms.(ég%{xI& C’&?Q{zﬁffg%gge%éeix{)“e%ﬂgetﬁﬁga%d i H

in’the vari e | eng and i second resu
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from
823, decision is made based on the comparison.

decided that a matching reference event is found,

Fregeh

conpari son

5 98 ngaphichabs g stingui shabl e

If it is

step

824 is.performed; ifit is not found, step 825 is performed.

If step 824 is performed at this point, a result

of coding

is output which is a variable length code corresponding

to the reference event to which a controel code and a third

mode code are added, followed by step 811 shown

8{a). The third mode code is set to “10”.

in figure

On the other hand, if step 825 is performed, the coding

process shown in figures 23 is performed to an input event

to generate a fixed length code. Then, a result
is output which is the fixed length code to which
code and a first mode code are added. The first
is set to “11”.

If any step is performed from among step 810

824 and 825 shown in figure 8(b),

of coding
a control

mode code

and steps

in a subsequent step

811, it is decided whether an input event processed is

a last input event or not, and if the event is

one, the coding process is completed in step 812.

other hand, if it is not the last one, the ope

returned to step 802 after j is incremented by

the last
On the
ration is

1 in step

813, whereby a next input event is processed similarly.

Thus, the process is continued to the last non-zero

%m rictuded



the first result of coding is obtained enploying a vari abl ej¢# g%%rqml e CURRT
corresponding to the reference event; and a particul ar codi [lg:;proEBes
where, if the second result of conpari48on does not shom/"na1cping-,HQOQing§
process is performed to-the quantized transform coefficient|usi fgsalul 998"
prescribed coding system to obtain a result of particular ¢oding which is.]
di stingui shable fromeach of the first and second results of coding. 8..

An i mage ¢odi ng apparatus as defined in claim7 wherein: inithe second—
vari abl e E8n§HeRodh Hrevesh, 8PRe {arraBRrEChéngt WedSdialy Srea8n er f or ns
the transformation process to a specified part of the quantized transform
coef fici eRtS, Tl $RYPY iRetheamEiied ke akeRoEm codef itabdst Ftortkebapari son

process, perforns conparison process with a reference event included in the
time, the process shown in figure 8(b) is performed in

ol

which transformation process is performed to an input
event in step 821, and in steps 822 through 823, comparison
process is performed using a resultant second transformed
input event; therefore, by performing step 825, a rate
of performing fixed length coding is further reduced in
comparison with the respective rates of the first and
second embodiments, and a possibility that short codes
are allocated in variable length coding is further
increased, resulting in improved total compression ratio
of a result of coding.

Further, since the image coding apparatus of the third
embodiment comprises a variable length coder 211
performing the above-described coding method, a result
of coding having an improved compression ratio can be
obtained by using a single variable length code table
whether the compression ratio of the compression coding
in the coder 203 is high or low.

Furthermore, according to the image decoding method
and image decoding apparatus of the third embodiment,
aﬁpropriate decoding process can be performed
corresponding to the result of coding derived in the

above-described manner, to obtain reconstructed image.



vari abl e ‘length code table to obtain a second resul t of corrpm:,f §p;rj° v O e
the second result of conparison shows "matching", the codi rb’” -,l.,‘,é)_?;;%;«}__gii
a variable length code corresponding to the reference event and adds a i'-
second control code set uniquely to obtain a second resultjof ¢b8ijiy; ¥gad ’
in the particular coding process, the variable | engt h CJdr g _means |

performs coding process to the quantized transformcoeffic ent UST" ngarTTT
prescribed coding system and adds a first control code whi¢h.is.._.

di stingui shabl e fromthe second controjgcode to obtain a result of

particul ar coding. 9. An i mage codi ng apparatus as defined in claim

Embodiment 4.

An image coding method according to a fourth embodiment of the
present invention is intended for increasing a chance of using variable
length code table by a comparison process using plural variable length
code tables, thereby improving coding efficiency.

Figure 10 is a flowchart showing the procedure of a variable
length coding method according to the fourth embodiment. An image
coding apparatus of the fourth embodiment has the same conﬁgtiration
as that of the first embodiment, and thus figure 2 will be used for the
description.

An image coding process according to the fourth embodiment differs
from that of the first embodiment only in the process by the variable
length coder 211 shown in figure 2, and thus a description is given of
the operation by the variable length coder 211 in the coding process |
below with reference to figure 10. Here, first and second variable length
code tables are used in the coding process according to the fourth
embodiment. As for the first variable length code table, the tables
shown in figures 19 through 22 are used as in the first to third
embodiments. As for the second variable length code table, on the

other hand, a table different from the first variable.

This Sheet Has Been Replaced

T




7 wherein, as the second variable length coding process, thezyatrable.-.

| engt h codi ng neans perforns: a nmain second variabl e Iengthiﬁbﬁi@@ﬁﬁﬁﬁ@@ﬁ%?f-
where the transformation process is pgsforned to a specified part—ofthe—
guanti zed transform coefficient, and using the quantized tr'n$f@g¢n¥”§q ne b
coefficient for conparison process, conparison process is p rfo?ﬁé&“ﬁﬂvﬁgai
reference event included in the variable |ength code table {otebtain..a.omin
second result of conparison, and if the nmain second result pf conparison
shows "mapehEBgheda vari able | ength code corresponding to the reference-
event is enployed and a second control code set uniquely is added to obtain
a mai n second I'fesitidp 0f 2060 N e BhirAedybthecoadivdiiealllendtemgiddeodi ng
process where, if the Tmaim~second result of conparison does not show

"mat chi ngtorathecaurd ransé osmahitoRopiceeassd | s output, and in a

subsequent step 1208, the remainder of the Level is

subjected to fixed length coding and.the result of the
coding is output as an input auxiliary code. The code
length of the remainder of the Level is changed depending
on a divisor. For example, in the case of the setting
shown in figure 13(a), the bit length of a remainder is
set to 1 when a divisor is 2, and the bit length of the
remainder is set to 0 when thedivisor is 1. In other words,

when a divisor is 1, a remainder is actually not coded.

If steps 1207 through 1208 are performed, a variable length

code and an input auxiliary code are output as the results
of coding.

On the other hand, if step 1206 is performed, fixed

length coding process is performed to an input event to
generate a fixed length code. Then, the result of the
coding is output which is the fixed length code to which
a control code is added.

After performing steps 1207 through 1208 or step 1206,
in a subsequent step 1209, it is decided whether an input
event processed is the last input event or not, and if
it is the last one, the coding process is completed in

step 1210. On the other hand, if it is not the last one,



perforned using a prescribed second function to a speC|f|edw -TA“@W Eﬁ‘\g';T
quanti zed transform coefficient, and using the result of Fh?”?@@ﬂﬁﬁ“
transfornation process, conparison process is perforned mnqh a (gfgreq Q
event included in the variable I ength code table to obtain: axsub séto
result of conparison, and if the sub second result of conp rhsnnwshom5MWWJ
"mat chi ng", a variable |length code corresponding to the reflerence event is
enpl oyed and a third control code which is distinguishabl e 4f-om-the-second—
control code is added to obtain a-sub sg&ond result of coding; and if the
sub second result of conparison does not¥Yshow "matching”, the second result
of conpari.son al so does

variable length coding method according to the sixth embodiment.

An image coding apparatus according to the sixth embodiment also

has the same configuration as that of the first embodiment, and
thus figure 2 will be used for the description.

An image coding process according to the sixth embodiment
differs from that of the first embodiment only in the process by the
variable length coder 211 shown in figure 2, and thus a description
is given of the operation by the variable length coder 211 in the
coding process below with reference to figure 15. Following the
initiation of the process in step 1501, in step 1502, a j-th input
event consisting of (Last, Run, level} is obtained. A quantization
scale used in quantization process is also input. In step 1503, an I-
th reference event is taken from a variable length code table, and in
step 1504, the reference event is subjected to transformation
process to generate a transformed reference event.

In the sixth embodiment, as the transformation process, an
Offset, which is set according to the quantization scale input iﬂ step
1502, is added to a Level value included in a reference event. In this
case, setting is performed in such a way that Offset = 5 when

quantization scale is 1 or 2, Offset = 4 when quantization



w‘:}n ooomrr e

: 1 Wi
not show "matching'; and in the particular codi ng process, th&ivgﬁlabf%my
| ength codi ng neans perforns codi ng pyocess to the quantized Lransfgr »
coefficient using a prescribed coding system and adds a fi rist Oft ¢l ﬁ@ﬁe*
whi ch is distinguishable fromeach of the second and third coﬁLroI codes toi
obtain a result of particular coding. 10. An i mage dodi ng apparatus
as defined in claim7 wherein: in the second vari abl e |.engt h~cedi-Rg
process, dvenvars dhpat! engdhgkati¥ifeansl PEHRYED Y BB elp POSEBERRL i i on
process to a specified Rart of. the quantized transformcoefficient, and

using theguaiphitzedent in the flow of figure 15 is executed again.

bt \H“

The image coding according to the sixth embodiment
of the present invention is thus performed, whereas a
decoding process to the coded data obtained by.such image
coding is performed in an image decoding apparatus shown
in figure 4. An image decoding process according to the
sixth embodiment differs from that of the first embodiment
only in the process -by the variable length decoder 408
shown in figure 4, and thus a description is given of the
decoding process by the variable length decoder 408 below,
with reference to figure 17 showing the inner
configuration thereof.

As shown in figure 17, the variable length decoder
comprises: a variable length code table 1701, a comparator
1702, a Level inverse transformation unit 1703, a fixed
length decoder 1704, and a switch 1705, and it receives
an input variable length code and a gquantization scale
as inputs and outputé a result of regeneration derived
from the decoding process.

The variable length code table 1701 is shown in

figures 19 through 22. The comparator 1702 performs

comparison process between an input variable length code
and a reference variable length code and outputs a control

signal corresponding to the result of comparison. The
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85 transformcoefficient for conparison process, perforns CeAPaEi-SOR-m e
process with a reference event included in the variable Ien?ﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁlfﬁﬁﬂ
to obtain a second result of conparison, and if the second itesuft-of "]
conpari son shows "mat chi ng# the codi ng neans enpl oys a variabEeflgqﬁghg&gd%
corresponding to the reference event and then adds a controll ¢ode¥aht a’> |
second node code to obtain a second result of coding; and i@ ﬁhewpaLLlnuLaﬂ
codi ng process, the variable | ength coding neans perfornms cedi ng process to

the quantized transform coefficient usi a prescribed codi ag-system—and-—
adds a control code and a first node code which is distinguishable fromthe
second node code to obtain a result of particular coding. 11. An

i rage codi ng apparatus obt ai ni ng
Level inverse transformation unit 1703 receives a quantization

scale and a reference event as inputs, transforms a value of a Level
included in the reference event corresponding to the quantization
scale to generate a transformed reference event. The fixed length
decoder 1704 performs fixed length decoding process to an input
variable length code when it is input and outputs the result of the
decoding. The switch 1705 performs switching corresponding to
the output from the comparator 1702 and outputs, as a result of
regeneration, one of the output from the variable length code table
1701 and the output from the fixed length decoder 1704.
Hereinafter a description is given of the operation of the
variable length decoder thus constructed. When a quantization
scale and an input variable length code are input to the variable
length decoder (408 in figure 4), the quantization scale is input to
the Level inverse transformation unit 1703 through a line 1711,
and the input variable length code is input to the comparator 1702
through a line 1712. The comparator 1702 derives a reference
variable length code from the variable length code table 1701
through a line 1713 and performs comparison between the input
variable length code and the reference variable length code.

If the result of the comparison is that these codes
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transformation nethod, perforning quantization process to theREHAY i
coefficients using a prescribed quantization scale to obtain‘dﬁﬂ%%#%ed#@m :
transformcoefficients, and perfornming variable Iength C. coflipg p ocess o
the quantized transformcoefficients referring to a variabl efl pengt JEbdEs |
table conprising a plurality of reference events paired w thjvariable. ...}
| engt h codes, said apparatus conprising a variable |ength coding 86

means for performng the steps of: perform ng division process—t-e~a————ew—I
specified 70

© 8
transformcoefficients for an image to be coded by a prescri ped-
TR SHERT

shown in figure 19. The Level inverse transformation unit 1703 adds

4 to the Level included in th is reference event input if the input
quantization scale is 4, the outputs the obtained result (0, 1, 6) to the
switch 170S through a line 1716. Then, corresponding to the control
signal from the comparator 1702, the switch 1705 outputs this resuit
as a result of regeneration through the line 1720. When the decision
shows “matching”, a variable length code is output from the output
line 1720 of the switch 1705.

On the other hand, when no matching variable length code is
found in the comparison process by the comparator _1'_79& the
comparator 1702 outputs the input variable length code to the fixed
length decoder 1704 through a line 1718, while sending a control
signal to the switch 1705 through the line 1717 so that a code from
the fixed length decoder 1704 is output from the switch 1705.
Thereby, a result of fixed length decoding is output from the output
line 1720 of the switch 1705.

Thus, according to the image coding method according to the
sixth embodiment, the transformation process shown in step 1502 of
figure 15 is performed to a reference event include din a variable
length _g)_d_g table; therefore, a rate of performing variable length
coding and a rate af which short codes are allocated are increased as

in the first embodiment where the same transformation



on t he quanti zation scale, to obtain a quotient and a rennl_'nﬂEPLAszEqrrngmf

akresult of conparison with quotient by conparison process{w
e¢ent included in the variable length code table, using the d
if the result of conparison with quotient shows "matching",§ €
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variabl e | ength code corresponding to thgereference event gnd
auxiliary code obtained by perform ng coding process to the¢ r
a prescribed coding -system to obtain a result of coding. 2
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emai nder using
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I mage codi ng apparatus obtaining transformcoefficients for an image to be

coded by a pr@ﬂb?gé@ﬁﬁﬁﬂsfornatlon nmet hod, perform ng quant
process to the transform coefficients using

| zation

An image coding method according to a fourth embodiment of
the present invention is intended for increasing a chance of
using variable length code table by a comparison process using
plural variable length code tables, thereby improving coding
efficiency.

Figure 10 is a flowchart showing the procedure of a
variable length coding method according to the fourth
embodiment. An image coding apparatus of the fourth
embodiment has the same configuration as that of the first
embodiment, and thus figure 2 will be used for the description.
An image coding process according to the fourth embodiment
differs from that of the first embodiment only in the process by
the variable length coder 211 shown in figure 2, and thus a
description is given of the operation by the variable length
coder 211 in the coding process below with reference to figure
10. Here, first and second variable length code tables are used
in the coding process according to the fourth embodi‘ment. As
for the first variable length code table, the tables‘shown in
figures 19 through 22 are used as in the first to third
embodiments. As for the second variable length code table, on

the other hand, a table different from the first variable length

AFch2LFo — ¥



a prescribed quantization scale to obtal'n quantized transform coefficients,

and perforimng variable | ength coding process to the quantized transform
coefficients referring to a variable | ength code table conpégggﬂgng;NT SHEET
S Sard.

plarality of refe1ﬂ 'n Hul syweaped with variable length c

apparatus conpri silf “nmmﬂmﬂﬂmngth codi ng means whi c )erfor,@wt,{@?

steps of: perform g frahsftorrat Fon proc with a prescrib f @nétTon ®¥ g
engt h_code

specified part of a reference event included in the variab
tabl e, based on the quantization scale, to generate a transiorned event;
n.process

obtaining a result of transfor e AMENDERDPELAIMSE by conparis

d
I

bet ween the quant.i zed transform

1. An image coding method in which transform

coefficients are obtained by a prescribed transformation

method, quantization process is performed to the
transform coefficients using a prescribed quantization
scale to obtain quantized transform coefficients, and
variable length coding process is performed to the
guantized transform coefficients referring to a variable
length code table comprising a plurality of reference
events paired with variable length codes, said method
comprising:

a first variable length coding step of
.obtaining a first result of comparison from comparison
process between the quantized transform coefficient and
a reference event included in the variable length code
table, and if the first result of comparison shows
“matching”, obtaining a first result of coding using a
variable length code corresponding to the reference
event;

a second variable leng_th_t_:oding step of, if the
first result of comparisqp:does not show “matching”,

performing transformation process to a specified part of

the quantized transform coefficient using a Q;escribed

ﬁgpction to generate a quantized transform coefficient




coeffjcient

conpari son shows anaLgnLﬂg~__gg_aln|ng a result of coding us
| ength code corresponding to t he reference event based on mh Gh-
%Mﬂ'ﬂ"ﬁ'mzt ed. 13. An inmage decofl g Jethod Jy

ressi on- coded data as an objedt oﬁ“

t ransf ormed referen ﬂ
ad-Lse.the

whi ch extraction is
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code as an input variable |length code, and an out put transfarn1coefficient
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transform coefficient fpr comparison process and a

reference event included in the variable length code table,

and if the second result of comparison shows “matching”,

.obtaining a second result of coding which is

distinguishable from the first result of coding using a

variable length code corresponding to the reference

event; and

a pérticular coding step of, if the second
result of cbding does not show “matching”, performing
coding process to the quantized traﬁsform coefficient
using a prescribed coding system to obtain a result of

coding which is distinguishable from each of the first

and second results of coding.

2. An image coding method as defined in claim

1 wherein:

in the second variable length coding step, the

transformation process is performed to a specified part

of the guantized transform coefficient, and using

the quantized transform coefficient for comparison

process, comparison process is performed with a
reference evént included in the variable length code table

to obtain a second result of comparison, and if the second
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coefficient using a reference event

code corresponding to the re ference event is employed and
a second control code set uniquely is added to obtain a
second result of coding; and

in the particular coding step, coéiifxg process
is performed to the gquantized transform coefficient using
a prescribed coding system and a first control code which
is distinguishable from the second control code is added

to obta.in a result of particular coding.

3. An image coding method as defined in c¢laim

1 wherein the second variable length coding step

includes:
a main second variable length coding process
where' the transformation process is performed to_a _

_specified part of the quantized transform coefficient,

and using the quantized transform coefficient for

comparison process, comparison process is performed with

a reference event included in the variable length code
table to obtain a main second result of comparisoh, and
if the main second result of comparison shows “matching®,
a variable length code corresponding to the reference
event is employed anld a second control code set uniquely
is added to obtain a main second result of coding;

and a sub second variable length coding process
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corresponditng to the reference variabl e, IAength code; a seconvg_u.aﬂ_nhl e
| engt h decodi ng step of, if the reguft¥: G)fﬁ de@,sl on in the co[iREPLACEIERE SHEET
deci si on step shows "second result of codi ng", perform ng cojip (o NO
pr 6cess between The |nput vari abl e length code and a referenge|var] apl,vemﬁ‘,

£

Iength m the variabl e Ie th codetable by th_feference:
and, if ﬂ m nlﬂl HWrrparl son shows 'natthing", perform np —
ransf or mat konc priocess *whi ch is an inverse of the transf ormaf i on process

hl A

for coding, with a referencé&ievent corresponding to 't he ref ererce—vari-abre

| engt h codewHereent atRet fid 1nUisadord ane$aLw eFeiiomparisonndces aot
particul ar decoding step of, if the result of"-

show “matching”, a .-"ec.cmd. traasformation procese*- is
-perfo,.mea using a n“escr::.ned sacoend function to *1

q.u---

specﬁ,:fia,..i zrax: oﬁ t“ra qz.sm ized %r fo::m c:oeff... J.em.,

and un“ ig *“w “»"v Ly a‘ the seco'm__ ';"’tsmx._n?“‘l":'_“‘ﬁa p::"icess,

compa‘ ioon :::scpss ey oerfcrmed'_,m:t'r 2 ':eference,.evem:-

:.ncluded in rhe vars, 3ble A.enatn code tab]e to ca... »a:.p

sub second result o'--*‘ co'npa*'ls'cn,‘ and if. \mﬂ *ab xsec.f?rwﬁ _

result of compar:-.son slmws “mat”hing y & vanax.w . en., Th
code corresponding to the reference event is employ:—ad and
a third control code _w.hit:h is disfinguishable £l the
second control code :T' _added to obtain a sub second cesaly

of coding:;

and in thé variable length coding step, if the

‘sub second result of comparison does not show “matching”,
the second result of comparison als'ddoes not show
“matching”:; and
in the particulér coding step, coding process
is perfermed to the quantized transform coefficient using
a prescribed coding system, 'and a first control code which
. is distinguishable from each of the second and third

control codes is added to obtain a result of particular

coding.

. An image coding method as defined in claim
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“*:?a wre : pon din§ to tha 'rﬂ;erenca eve‘xt I8 employed-and &
cantrol' c;;:-de _a.nd a sscond node cc_»de’ a=» added to obtai
a second :p_eéult of éoding;- and

in the nart~ cular éod' | step, cad_. % processg
is performed tc the quantized _transfofm .‘oefficient using
a prescribed coding system, and 2 control code and a first

mode code which is distinguishable from the second mode

code are added to obtain a result of particular coding.

5. . A:_i image coding method J.n which transform
coefficients are obtained for an inraéé to be coded by a

. prescribed traﬁsformation method, qdantization process
is performed to the transform coéffiCientS using a
prescribed quantization scale to obtain quantized

transform coefficients, and variable length coding

process is performed to the quantized transform
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the first variable | engt h decodlln'g;”step 'S pertormed, if i ;
BEREA a*“@”

the second control code is kncluded;

step-is performed, and if it i s deci demlmﬁmm“ﬂmnmﬂﬁontr “Code is.

i n&l uded, the particular decoding step i$ perforfred 15. Al ijmege éf‘é“codwgl
met hod as defined in claim13 90 mherein, in the coding jprpces:s
decision step, it is decided whether=ar: n(i9the i nput variable | ength code

i ncl udes one of a.second corg#ol code i ndi cating tHat the input code is

obtained by a variable,lenath codin ocess Wi for rocess
and a first c%(ﬁﬁ’b‘?l §5 teht i t t“@ri"ﬁbgf’ 38 ga ﬁ@&’ﬁ? a
codi ng e . _ s . .
comprising a- plurallty of refereuce events paired with
vai;ia_h?{@. length codes, said method including a variable

o -3-;esagt:h"-codint,‘.-- step wh':i_k:h“a:oiilprises the steps of:

-performing :Il ision process to a specified part

*. of the guantized transform coefficient using a divisor:

re

"decided based on the ‘gquaniization scale, to obtain a
quotiert and a remaizder:
i obtaining a resirit of comparison with quotient

by comparison process with a reference event included in

(74

the variable length code table, using the guotient; aad
if the result of comparison with quotient s.b.ows
“matching”, employing a variable length code
corresponding to the reference event, and adding an
auxiliary code obtaiﬁed by performiﬁg.coding process to
the remainder using é prescribed coding system, to obtain

a result of coding.

6. An image coding method in which transform
coefficients are obtairied for an image to be coded by a
prescribed transformation method, quantization process
is performed to the transform coefficients using a
prescribed quantization scale to obtain quantized
transform coefficients, and variable length coding

process is performed to the quantized transform



procgss acgcording to a particular coding system and if it is decided thatu
neither of the control codes is included, the first vari -
decoding step is preforned, sand if it is decided that the b‘%ﬁ“ 5‘%@%’[ %?EET
cede- i s—retuded,—the parti cul ar decoding step is perforfred; and if Lt i

deci ded t : m'm % ntrol code. i s included, a secopd!{c@ntrol? el

deci si on erfornmed for de%?dlng mhether he_second cont riol
code is a ode indicating that the input fode is obt ai ned
a variable length codlng-process with a first transformed]

third contr gloseadtd ot 6akka sttt 106 LR CAdEe SRl RaidVeanyarl abl e

| ength codlng process wth a second transformation process; and In

second vari g@ﬁ,&]&%g ?eﬁiﬁk%’lisffpof belfe dehdECLdeH s 3aided Swibh

second cont
variable length codes, said method including a variable

length coding step which comprises the steps of :
pe*formlng transformation orocess with a

prescribed function to a specified- part of a reference

event included in the variable length code table, based
on the quantization scale, to generate a transformed
event;

obtainiﬁg a result of transformation
comparison by cémparison process between the quantized
transform coefficient and the transformed event; and

if the result of transformation comparison
shows “matching”, obtaining a result of coding using a
variable length code correspondi;xg to the reference event

based on which the transformed reference event is

A generated.

7. An image coding apparatus obtaining
transfprm coefficients for an image to be coded by a
prescribed transformation method, performing
.q{:antization process to the transform coefficients using
a prescribed quantization scale to obtain quantized
transform coefficients, and performing variable léngth

coding process to the quantized transform coefficients



i nrver se tr,ansformation process which is an inverse of the -
transformation process in coding process is perforned, a-dRElPLAUEI\:’h'??}Td.?H!fﬁe

that it is the thirdcontrol— code;—a second inverse t arFf-e-r-mt-»L...an~.
process which is an i nygg, e, ond transformation proqgegsmjhp ,{:;Q‘ﬂ: g
process is perforned. Hﬁmﬂﬂﬂs“ EB] odi ng net hod as defi ned’in cl&bm a3
wherein: in the coding proc i fkp, it is deci e!t‘vvlﬁet-hepuan_ ot
the input variable | ength code includes one of a set of gontrol code and
second node code indicating that the input code is obtaine '
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plurality of reference e\}ex‘xfs paired with variable length

cddes, said apparatus including a variable length coding

means for performing:

a first variable length coding process where

transformation process is performed to a specified part

of the quantized transform coefficient using a pt;escrihed

function to generate a quantized transform coefficient

for comparison process, and a first result of comparison .

is obtained by comparison process between the quantized

transform coefficient for comparison process and a

reference event included in the variable length code table,

and if the first result of comparison shows “matching”,

a first result of coding is obtained using a variable

length code corresponding to the reference event;

a second variable length coding process where,
if the first result of comparison does not show “matching”,

transformation process is performed to a specified part

of ’the quantized transform coefficient with a prescribed

function to generate a quantized transform coefficient

e

for comparison process, and a second result of comparison
is obtained by comparison process between the guantized
transform coefficient for comparison process and a

réference event included in the variable lenqth code table,

and if the second result of comparison shows “matching”,




control cqde and second node code i ndieat+ng—that—the—+nput code is

obt ai ned by a codi ng process accordi ng G odgn AN TaGe e
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if it is decided that neither of the S¢
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| engt h decoding step is perforned, if

code and second node code is included, the second vari abl e}

step is perforned, and if it is deC|ded1§%ﬂ the set of corjtrig

first node code is included, the particul ar decoding step ijs performed. 17.

An i mage decoding nmethod in which extraction is perfornmed tQ
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code inclu

the first result of coding is obtained employing a variable

length code corresponding to the reference event; and

a particular coding process where, if the
second result of comparison does not show “matchihg”,
coding process is performed to::-.#-.t«he‘qua_ntized transform
coefficient using a prescribe\t_iijﬂcloc'ling system, to obtain
a result of particular coding which is distinguishable

from each of the first and second results of coding.

8. - An imag'e coding apparatus as defined in claim

7 wherein:

in the second variable length coding process,

the variable length coding means performs the

transformation process to a specified part of the

quantized transform coefficient, and using the quantized

transform coefficient for comparison process, performs

comparison process with a reference event included in the
variable length code table to obtéin a second result of
comparison, and, if the second rgsult of comparison shows
. *matching”, the coding means employs a variable length
code corrgspor_xding to the reference event and adds a second
control code set uniquely to obtain a second result of

coding; and

in the particular coding process, the variable
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vari abl e | engt e variab ngth code table by the
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reference correspon
system and adds a first control code which is

distinguishable from the second control code to obtain

a result of particular coding.

9. \ An image coding apparatus és defined in claim
7 wherein, as the second variable lehgth coding process,
the variable length coding means performs:

a main second variable length coding process
where the transformation process is performed to a

specified part of the quantized transform coefficient,

and using the quantized transform coefficient for

comparison process, comparison process is performed with

a reference event included in the variable length code
table to obtain a main second result of comparison, and
if the main second result of comparison shows “matching”,
a variable length code corresponding to the reference
event is employed and a second control code set uniquely
is added to obtain a main second result of coding; and
a sub second variable l_e'ngth coding process
where, if the main second result of comparison does not
show ™matching”, a second transformation process is
perfomed.using a prescribed second function to a

specified part of the quantized transform coefficient,
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By which the code is obta in an inverse auxiliary goeffigienhsn
and perform ng addlt w ner € an output transfprm™ ~ '
coefficient. 18. An tho In which extraction I'S

performed to corrpre55| on-coded data .as an object of decoding to obtain a

variable I'ength code included in the data and use the code as an Tnput
vari abl e | sR@s ogdechei resalit o the seebaditedntdormatiion protedas, i n the

conpressi on-coded data is obtained by extraction, and an

comparison process is performed with a reference event
included in the variable length code tabl-e to obtéin a
sub second result of comparison, and if the sub second
result of comparison shows “matching”, a variable length
code corresponding to the reference event is employed and
a third control code which is distinguishable from the
second control code is added to obtain a sub second result
of coding; and

if the sub second result of comparison does not
show “matching';, the second result of comparison also does
not show “matching”; and

in the particular coding process, the variable
length coding means performs coding process to the
quantized transform coefficient using a prescribed coding
system, and adds a first control.code which is
distinguishable from each of the se_cond and third control

codes to obtain a result of partig&ular coding.

1o0. An image coding apparatus as defined in claim

. 7 wherein:

in the second variable length coding process,

the variable length coding means performs the

transformation process to a specified part of the

quantized transform coefficient, and using the quantized




out put ,vari able length coefficient is _ge-nem i nput variabl e
| ength ‘code referring to a variable Ien npr pl ural
reference events paired with reference “ “g ﬂm od SRE

S

i tclrudi ng: a variable | ength decodi ng st l'eh <onpar
performed between the input variable I ength code and a ref
| ength code obtained fromthe variable | #fyth code table b

and if the result of conparison shows 'matching", a refer

E LZ“ZLQL?H%&@E% ST MG ek CE6E %ﬁé‘f‘f&bﬁ”gtéc&%@.
19.  An i ;gfgfgya% é&étﬂitﬂeéfﬂéf’éﬂﬁn%’&t E9EhOInEuBURP I T EHY coded

data as an |ng
variable length code table to obtain a second result of

comparison, and if the second result of comparison shows
“matching”, the coding means employs a variable length
code corresponding to the reference event and then adds
a control code and a second mode code to obtain a second
result of coding; and

in the particular coding process, the variable
length coding meahs performs coding process to the
quantized transform coefficient using a prescribed coding
system, and adds a control code and 2 £first mode code which
is distinguishable from the second mode code to obtain

a result of particular coding.

.11. an image coding apparatus obtaining
transform coefficients for an image to be coded by a
prescribed transformation method, performing
quantization process to the transform coefficients using
a prescribed quantization scale to obtain quantized
transform coefficients, and performing variable length
coding process to the quantized transform coefficients
referring to a variable length code table comprising a
plurality of reference events paired with variable length

codes, sald apparatus comprising a variable length coding



obtatn.a variable Ier_lgLﬁ_ggdg_l_ncludedA n the data and use t he code as an
i nput variable |l ength code, .and gene ing an output tr4

fromthe input vari em‘mmﬂ&mﬁmt&ig"referrl ng to a v rﬁaﬁf@ﬁiﬂqﬁg“t&!bﬁﬂgl
tabl‘e conprising a plur ce events pairedjwrirrefer cm,c
variabl e | ength codes, said apparatus including a varialyl e

means which perforns: a coding process dd&# sion process_wﬂere it
which is the input variable I ength code fromanong a fi st"T“éSTII‘r"‘Uf"‘"CUH g

obtained by a variable | ength coding process, a second fesult of coding
obt ai ned by meamnsi fur penfiormind thersteps wfi:h a transtornati on process,

and

performing division process to a specified

part of the quantized transform coefficient using a
divisor decided based on the quantization scale, to obtain
a quotient and a remainder:

obtaining a result of cbmparison with quotient
by comparison process with a reference event included in
the variable length code tablé, using_ the quotient; and

if the result of comparison with quotient
shows “matching”, employing a variable length code
corresponding to the reference event ;nd adding an
auxiliary code obtained by performing coding process to
the remainder using a prescribed coding system, t;o obtair.z

a result of coding.

12.° ~ An image coding apparatus obtaining
transform coefficients for an image to be coded by. a
prescribed transformation method, performing
gquantization process to the transform coefficients using
a prescribed quantization scale to obtain quantized
transform coefficients, and performing variable length
.coding process to the quantized transform coefficients
referring to a variable length code table comprising a
plurality of reférence events paired wit:l'; variable length

codes, said apparatus comprising a variable length coding



a result of particular coding obtained by a coding process according to a

particul ar coding system a first variable | ength decogt pT e
if the result of decision in the coding process deci si ME@EQ‘@%‘%

"first

result of coding' , conparison process is perfor g'—bﬁt"\'ﬁé'e"ﬁ t he | nput

MR 2 7 o e o

he

corrparl sén Shohs s matchl ng", the output transform coeffli ctent 1s generated
using a reference event correspondi ng to the reference fvari abl e code; .a..l

second vari akheahn®gtHicle pr{ogmps Qhesstemeroi I f the result of decision
the coding process decision process shows 'second result of codingf,

conpari son proces%éﬁopﬁ{ rPémﬁjaﬂ%tﬂﬁFﬁ{hﬁBﬁ 'ﬁPH&e¥§r iwithe hengréscribed

function to a specified part of a reference event included in

the variable length code table, based on the quantizatioh
scale, to generate a transformed event;

obtaining a result of transformation comparison by
comparison process between the quantized transform
coefficient and the transformed event; and

if the result of transformation comparison shows
“matching”, obtaining a result of coding using a variable
length code corresponding to the reference event based on

which the transformed reference event is generated.

13. An image decoding method in which extraction is
performed to compression-coded data as an object of decoding
to obtain a variable length code included in the data and use
the code as an input variable length code, and an output
transform coefficient is generated from the’input variable
length code referring to a variable length code table
comprising a plurality of reference events paired with
reference variable length codes, said method comprising:

a coding process decision step of deciding which is the

input variable length code from among a first result

in



cede and a reference variable length code obtained from thepger AciNiEyT SREED
code trabke by-the reéférence, and if the result of conparisjon_shows.

"“mat chi ng”, an inver HYRNORE AR Process which is an jnverse of, the
t ransfprmation proceqmmlaﬂﬂ"ﬂaié l]'”l performed using a ref ef eick uieArtt
corresponding to the refarencesvari abl e Iﬁgth code to genger Lhe.out.puti
transformcoefficient; and a particular di ng process ere, if the

result of deqsic¥dingt HBtaqdew By A£ovarianie Qenitaf " :
result of coding', a decoding process which is an inverse of the codi ng

Process accordligybildr 88LAC UAlcdPthJoR¥aliHBd il h va£H1 0L eTRELRY ' S

performed to the 1nput variable | ength®code to gen
coding process with a transformation process, and a result

of particular coding obtained by a coding process
according to a particular coding system;

a first vafiahle length decoding step of, if the
result of decision in the coding process decision step
shows “first result of coding”, performing comparison .

—\) process between the input variable length code and a.
reference variable length code obtained from the variable
length code table by the reference, and if the result of
comparison shows “matching”, generating the output
transform coefficient using a reference event
corresponding to the reference variable length code;

a second variable length decoding step of, if the
résult of decision in the éoding process decision step
shows "“second result of coding”, performing comparison

) process between the input variable ler;gth code and a
reference variable length code obtained from the variable
léngth code table by the reference, and, if the result
of comparison shows “matching”, performing an inverse
transformation process which is an inverse of the
transformation process for coding, with a reference event
correéponding to the reference variable length code, to

generate the output transform coefficient; and




the output transformcoefficient. 20. An i mage decodi ng appa

REALRMENT SHEET |

definetl ifrcraim I9 wherein: in the coding process decision _
vari abl e | taldy 10hE QP ns deci des whether or not the ingut] variable,_..

| eéngt h COdalmmoﬂma“M‘““mFa second control code indicating|tHat? ¢ha™™ 2l

| nput. code 1's tai n&d by a variable |leng Q codi ng process Wijth_a . .ol

transformati on process and a first contr ode indicating that the input
. ﬂ@~mqw-

code is obtained b i . 0 r 0 a.pard,d cu
system and if it %%3@%@@%&%@@%@ %#Qghégéor%troéﬁ%o% $71's il uded,
the first varjahl esbind Bndeadiing Braceus bR RYH K Tlp 380us ~Lhshile

of particular coding”, performing a decoding process to

the input variable length code, which process is an inverse
of the coding process according to a particular coding
system which is used for coding, to generate the output

transform coefficient.

! 14. 2An image decoding method as defined in claim 13
wherein:
in the coding process decision step, it is decided
whether or not the input wvariable lepgth code includes
one of a se.cond co;ltrol code indicating that .the input
‘code is obtained by a variable length coding process with
a transformation process and a first control code
indicating that the input code is obtained by a coding
- process a{ccording to a particular coding system, and if
) it is decided that neither of the control .f:_odes is included,
the first variable length decoding step is performed, if
it is decided that the second control céde is included,
the second variable length decoding step is pexformed,
and if it is decided that the first control code is included,

the particular decoding step is performed.

15. An image decoding method as defined in claim 13



a.second control cade is included, the first variable -|ergth—deTs '
process is perforned, and if |t\|—ﬁémded that the firs g‘" eyl g‘g"ﬁpg

i ncl uded, the parti cHlmmmmﬂ cess is perfornmed. 21. AT TE
decodi ng apparatus a ”"ﬂmm 19 wherein: in thd oq AgA PR od

deci si on process, the vatidbl & | &n eg gdi ng neans decijdgs ‘whet her or
not-the i nput variable | ength code |ncI one of a secqnd-tontrol code
i ndicating that the input code is obtained by a variable |l ength coding

process W'thwﬁe&"eﬁrﬁfQ%hb%@iﬁ&eﬁ%é@ﬂsadééiﬂoﬁ%éﬁ 33088 adélierld N9

that the input code is obtained by a coding process accordlng to a

par i cul arcoHERey SeThotdnd [ hput Svdealdietk LghqRR! Bt AnéiGapat "ol

codes is include the first varia codln process 1s perfornmed
and If it is,fec 4% '108kond control code indicating that the input

O

code is obtained by a variable length coding process with
2 transformation process and a first control code
indicating that the input code is obtained by a coding
process according to a particular coding system, and if
it is decided that neither of the control codes is included,
the first variable length decodiné step is preformed, and
if it is decided that. the first control code is included,
the particular decoding step is performed; and

if it is decided that the second control code is
included, a second control code decision step is further
performed for deciding whether the second control code
is a second control code indicating that the input code
is obtained by a variable length coding process with a
first transformation process or a third control code
indicating that the ihput code is obtained by a variable
length coding process with a second transformation
process; and |

in the second variable length decision step, if it
is deci&ed that it is the second control code, a first
inverse transformation process which is an inverse of the
first transformation process in.cod.ing process ‘is

performed, and if it is decided that it is the third control



the first control code is included, the particular decodi Rﬁﬁpw !5 h,.;
performed; if it’is, decided that the second control code if clitded mfﬁ_
vari abl e Ieniuh decotTng means further perforims a second c nFoI code '“i

deci sio ﬂw 97 deci di ng whether the second con | 3chde g |
second mﬂiﬂ""‘m’catl ng that the ggcond control cod

s _obt ai ned bﬁ

a varlable fen t ' cddi hg process with a=Frrst transformatipn process or a
third control code i ndicating that the second control codelis o by a

vari b1 | engg g cog Qg “Eavikbh & EEFUrsPESH PESUETs RALER 14

an inverse of the second transformation process in coding

process is performed.

16. An image decoding method as defined in claim 13
wherein:

in the coding process decision step, it is decided
whether or not the input variable length code includes
one of a set of control code and second mode code indicating
that the input code is obtained by a variable length coding
process with a transformation process and a set of
control code and second mode code indicating that the input
code is obtained by a coding process according to a
particular coding system; and

if it is decided that neither of the sets is included,
the first variable length decodingl step is performed, if
it is decided that the set of control code and second mode
code is included, the second variable length decoding step
is performed, and if it is decided that the set of control

code and first mode code is included, the particular

decoding step is performed.

17. An image decoding method in which extraction is
performed to compression-coded data as an object of

decoding to obtain a variable length code included in the



in the second variable length decoding process, if it is decided that it is

the second controf~——cede—a-first inverse transformation prpecess—whrch-s~am
bdﬁmgba@mmﬁm

i nverse of the fi rsMHﬂ‘form&ltlon process in coding proc

arid if it is decid '.,"ﬂ mthlrd control code, a:e sE
transformation proc l ” l'ﬂ nver of the second tfa sgonmm (o331
process in coding process is pesrfd‘r med. » An i mage decod}n bifaf us as
defined in claim19 wherein, in the coding process decisioh

vari abl e | ength _decodin C|des whet her _or t,the .l npu vari bl e
| engt h code ﬁﬁ&@udﬂ% d%%eSEE Eg S Gt %ﬁpﬂﬁdgaﬁgﬁbg &ﬁﬁﬁﬁ%5§°85§@“‘““””
indicating that the input code is obtained Jabl.e length codi
process wit haR% mm%%wmee@s 335 Bor’ it e fdeg SR tAE o
node code indicating that the input code is optained by

compression-coded data and an input auxiliary code

obtained based on a remainder derived from a division
process for coding are obtained by extraction, and ap
output transfdrm coefficient is generated from the input
variable length code referring to a variable len.gth code
table comprising a plurality of reference events paired
with reference variable length codes, said method
comprising a variable length decoding step which includes
the steps of:

- performing comparison process between the input
variable length code and a reference variable length code
obtained from the variable length code table by the
reference, and if the result of comparison showus
“matching”, obtaining a reference event corresponding t'o
the reference variable length code and multiplying it with
the divisor obtained based on the quantization scale; and

performing to the input auxiliary code a decor.iing
proce.ss which is an inverse of the coding process by which
the code is obtained, to obtain an inverse auxiliary
. coefficient, and performing addition process to generate

an output transform coefficient.

18. An image decoding method in which extraction is



LS

a coding process according to a particular coding system e — -t
deci ded that neither of the sets is included, the first VaRERBAGEMERGSHEET
decodi ng Wp’e‘ﬁr’n/ed, if it is decided that the|s of—coftre
code and second Qs M\“% i ncluded, the second vari ablje |l engt i ~degrdi ng
st
C

t
l

process is i it is decidgd that the-set df [coht’'ro’codé an
first-node €@ L I ncl ddel, the particotar decodi ng prodess TS performred.
23. An inmge decodi ng apparatus perform ng extraction t¢ conpression-code
data as an obj-ect of decoding to obfain_ a.,variahle |ength Mg uded—t
the data ancP%E%"Fﬁ‘@dcdb% ‘&QggﬁqsrﬁiﬂnT/ﬁ?Pﬁal gaﬁ:@ngﬁi dgﬁ%%ﬁ:&: o%# ai ni ng,
by extraction, a quantization scale ys fQr .

Y decodgng to obtain a varliaebcie (iength code included in the

e

data and use the code as an input variable length code,
a quantization scale used for coding included in the
compression-coded data is obtained by extraction, and an
output variable length coefficient is generated from the
input variable length code referring to a variable length
code table comprising plural reference events paired with
reference variable length codes, said method including:
a variable iength decoding step in which comparison
process is performed between the input variable length
code and a reference variable length code obtained from
the variable length code table bf(.the reference, and if
the result of comparison shows “matching”, a reference
event corresponding to the reference variable length code
is obtained and a transformation process using a
prescribed function is performed based on the

quantization scale to generate an output variable length

coefficient.

19. An image decoding apparatus performing extraction
to compression~coded data as an object of decoding to
obtain a variable length code included in the data and
use the code as an input variable length code, and

generating an output transform coefficient from the input



codl ng _L.D_CJ__ud.e_d__l_D_IJle._QQn’pI‘ESSI on coded data and an input auxiliary code
ned based on a renai nder ived froma division process for coding,

and gene ﬂmﬂ Ir" ;W' ylLr ansf or m coefficient fromthe input.variable

l ength ¢ vari abl e Iengt h code table conpri le’E’)Lﬂ EMENT aH*FT
plurality of re erence events paired withyg eference variabl e _E ,m,
sai d apparatus conprising a variable le decodi ng neans f or perfog %g ,
the steps of: perform ng conpari son process between the inpu ari hotfe! &8

l ength code and the reference variable |ength code obtajned {ram.the e
vari abl e | engtarioaebet hengtidy aade ref’%‘f’é*'éacﬁo akariabpe l?&‘éﬂtth @ode

T

conpari son shows
table comprising a plurality of reference events paired

with reference variable length codes, said apparatus

including a variable length decoding means which

performs:

a coding process decision process where it is decided
which is the input variable length code from among a first
result of coding obtained by a variable length coding
process, a second result of codin§ obtained by a variable
length coding process with a transformation process, and
a result of particular coding obtained by a coding process
ac;co'rding to a particular coding system;

a first variable length decoding process where, if
the result of decision in the coding process decision
process shows “first result of coding”, comparison
process is performed between the input variable lehgth
code and a reference variable length code obtained from -
the variable length code table by the reference, and, if
the result of comparison shows “matching”, the output
transform coefficient is generated using a reference
event corresponding to the refe;:ence variable code;

) a second variable length decoding process where, if
the result of decisic;n in the coding process decision
process shows “"second result of coding”, comparison

process is performed between the input variable length



"mat chi ng",

variabl e | ength_code _and multiplying it with the divisor ob.qﬂy@ﬂC@mﬁﬁﬂSﬂEETi
the quantization sg el mng to.the input auxiliafy
decodi ng. process mmwmmgﬁlse of the coding process by
code i s obtained, 0 a1 erse aygiliary code, and per

addi tion process to generate an output transform coefficieng.
decodi ng apparatus perform ng extraction to conpressi on-code¢d

obtaining a reference event corresponding to the reference

code-a

[I= W 3 =

gt

data as an

bj f degodi bt aj i abl.e | h incl J-R—thre—dat
and use the CoHE AL A ekeraaFR: KR LR ol dnRER ards BPE AR Eyom

extraction,
conpr essi on-

j ncluded in the
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fromthe input variable length code referring-to a variable | ength code

the result of comparison shows “matching”, an inverse
transformation process which is an inverse of the

transformation process_fof coding is performed using a

- refexence event corresponding to the reference variable

length code to generate the output transform coefficient;
and

a particular decoding process where, if the result
of decision in the coding process decision process shows
“particular result of coding”, a decoding process which
is an inverse of the coding process according to a
particular coding system which is used for coding is
performed to the input variable length code to generate

the output transform coefficient.

20. An image decoding apparatus as defined in claim 19
wherein:

in the coding process decision process, the variable
length decoding means decides whether or not the input
va_.riable‘length code includes one of a second control code

indicating that the input code is obtained by a variable

- length coding process with a transformation process and

a first contrxol code indicating that the input code is

obtained by a coding process according to a particular



par =

J""'i

table conprising a plurality of reference events paired wl
variable | ength codes, said apparatus conprising a vari abl} Ed’dT”ﬁg i

nmeans for—peﬁ-or-mﬁg—ceﬁpar—r son process between the input ° hmi.
code and a le Iength code obtained fromthi aq Qb{;efl tb
code tabl elml@ miaﬂ\ﬁ and I f the 5%sult of conpari sén {shows

it dall 100 “mat chi ng__obtai ning a refgrente event

corresponding to the reference vari abl e I ength code, and pdrform ng
transformation process using a particular function, on the *tasTs of the

quanti zati on Rg s¥s§emy AR FEoltpls desisiest hhajemeither of the

control codes is included, the first variable length .

decoding process is performed, and if it is decided that
a second control cocde'is included, the first variable

. ;length decoding process is performed, and if it is decided
that the first control code is included, the particular

decoding process is performed.

21. An image decoding apparatus as defined in claim 19
' wherein:
in the coding process decision process, the variable

length decoding means decides whether or not.the input
variable length code includes one of a second control code
indicating that the input code is obtained by a variable
length coding process with a transformation process and
a first control .code indicating that the input code is
obtained by a coding process according to a particular
coding system, and, if it is decided that neither of the
control codes is included, the first variable length
decoding process is performed, and if it is decided that
the first control code is included, the particﬁlar
decoding process is performed; |

| if it is decided that the second control code is
included, the variable length deceding means further

performs a second control code decision process for



25. A recordimg mediumin Whi ch recorded is an i mage codi n§ [ -

obtains tra ts for an inage to be coded by aﬁ[r:?gg ?‘g"’i‘i r‘“"%‘-
transformt”ﬁ’"“&l]mﬁ““lﬁl rms quantization process to thg {ranstorm
coef fici ents~usi ng amsprescfibed quantization scale to obta|n|qgaht@zedis
transform coefficients, and then perforrgs, variabl e I ength fodling process tjo

the quantized transformcoeff|C|ents referring to a variable | ength code
tabl e conprising a plurality of reference events paired with variable

11%

engt h Code;degﬁgggregquﬁeyes'g@co@u kbRt el icle Leng' Baadigo STep

of obtainin of “Conpartson rrparl son proce
quanti zed transfor coeffi.ci nd.a, reference event inc I n, the
variable | en%ff Ene ?ﬁ ﬁ‘aaﬁ'nghghﬁtr s’:?‘er @sﬁﬁ?néfcgﬁ 8 §(ﬂﬁi§h:b§vs
"mat chi ng', ta1n| aflrst iuli od| usm avarla le | en th code
rfa’ﬁ%l’t‘ﬁ y a var:.ab engt ng pr cess with a fJ.

correspondl

transformation process or a third control code indicating
that the second control code is obtained by a variable
length coding process with a second transformation
process; and

in the second variable length decoding process, if
it is decided that it is the second co;atrol code, a first
inverse transformation process which is an inverse of the
first transformation 'process in coding process is
performed, andif it is decided that it is the third control
code, a second inver.se transformation process which is

an inverse of the second transformation process in coding

process is performed.

22. An image decoding apparatus as defined in claim 19
wherein, in the coding process decision process, the
variable length decoding means decides whether or not the
input variable length code includes one of a set of control
mode and second mode code indicating that the input code
. is obtained by a variable length coding process with a
transformation process and a set of control code and first
mode code indicating that the input code is obtained by

a coding process according to a particular coding systemn,



ref erence event; a second vari able Iength codi ng step of, if the first

result of c Woes not show ' matching' perfor et rrr o
trans ormation with a particular speC|f|ed part ongﬁ’é 'Fgé%t“i?z%'({jeg
transfmm m) Wﬁmo obtain a quantized transform coeffi-m ent Tor
conpar i obtaining a se;ﬁ‘result of conpar |§asqn Dy GE Y B8

conparlson process bet ween the quantiz ansform coefficiéntj for
conpari son process and a reference event included in the vagi able Tength

code table, and if the second result of conparison shows matcnl_na'E
1 first

obtaining a sbnd¥i&is decided ghaki raitdes ofithgisets

result of codlng u3|ng a variable |length code corresponding to the
r ef er ence he first variable length decoding process is performed,

if it is decided that the set of contrbl code and second

o

mode code is included, the second variable length decoding
process is performed, and if it is decided that the.set
of control code and first mode code is included, the

particular decoding process is performed.

23. BAn image decoding apparatus performing extraction
to compression-coded data as an object of decoding to
obtain a variable length code -in.cluded in the data and
use the code as an input variable length code, anci
obtaininq, by extréction, a quantization scale used for
coding included in the compression~-coded data and an input
auxiliary code obtained based on a remainder derived from
a division process for coding, and generating an output
transform coefficient from the input variable length code
referring to a variable length code table comprising a
plurality of reference events paired with reference
variable length codes, said apparatus comprising a
variable length decoding means for performing the steps
of:

performing comparison process between the input
variable length code and the rgference variable length

code obtained from the variable length code table by the



event; and a particul ar coding step of, if the second result of conpari son
does not show 'matching'  perform ng COdI ng process to ~T'i§ L@: WA
transform coeffl CI ent prescri bed codi ng system ffofeb+t EREA T SHERT
of codi ng wh mﬁmiﬂlﬂbabl e fromeach of the firgt fand Second
results of c -di ng nedi for inmage codilnd pregnam HEH
defined in cIa|m25 wherein: In the sec_ﬁd variabl e | endgtH codi ng step bf

the image coding program the transformation process isfperforned 10 a
g the

specified part  of t q d a C f Halks
quantized tr’é?]ﬁﬁ?ﬁlé%de%‘%l%ﬁtt or%%p%lr:l ggn p?ng’cess conpari son process

's perfor med“vm {:ch%nrge'f,egg'%alnlng a reference event corresponding to

the reference variable length code and multiplying it with
the divisor obtained based on the guantization scale; and
.performing to the input auxiliary code a decoding
process which is an inverse of the coding process by which
the code is obtained, to obtain an inverse auxiliary code,
and performing addition process to generate an output

transform coefficient.

24. An image decoding apparatus performing extraction
to compression-coded data as an object of decoding to
obtain a vari:able length code- included in the data and
use the code as an input variable length co@e, and
obtaining, by extraction, a quantization scale used for
coding included in the compression-coded data, and then
generating an output transform coefficient from the input
variable length code referring to a variable length code
table comprising a plurality of reference events paired
with reference variable length codes,

said apparatus comprisinga vaiiable length decoding
means for performing comparison process between the
input variable length code and a reference variable length
code obtained from the variable length code table by the

reference, and if the result of comparison shows
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process using a particular function, on the basis of the

quantization scale, to generate an output transform
coefficient.

25. A recording medium in which recorded is an image
coding program which obtains transform coefficients for an
image to be coded by a particular transformation method,
performs quantization process to the transform coefficients
using a prescribed quantization scale to obtain quantized
transform coefficients, and then performs variable length
coding process to the quantized transform coefficients
referring to a variable length code table comprising a plurality
of reference events paired with variable length codes, said
program comprising:

a first variable length coding step of obtaining a first
result of comparison by comparison process between the
quantized transform coefficient and a reference event included
in the variable length code table, and if the first result of
comparison shows “matching”, obtaining a first result of
coding using a variable length code corresponding to the
reference event;

a second variable length coding step of, if the first result

of comparison does not show “matching”, _,performing
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of codi ng;

and a sub second vari able length coding process where, if the

mai n second spesiifiedfpanipdr tisegulaatizedt treémsformt coefficierst to obtain

a quantized transform coefficient for comparison process, and

obtaining a second result of comparison by comparison

process between the quantizéd transform coefficient for

comparison process and a reference event included in the

variable length code table, and if the second result of

comparison shows “matching”, -obtaining a second result of
coding which is distinguishable from the first result of coding
using a variable length code corresponding to the reference
event; and

a particular coding step of, if thel second result of
comparison does not show “matching”, performing coding
process to the ﬁuantized transform coefficient wusing a
prescribed coding system to obtain a result of coding which is
distinguishable from each of the first and second results of
coding.
26. A recording medium for image coding program as defined
in claim 25 wherein:

In the second variable length coding step of the image
coding program, the transformation process is p;erformed to a
specified part of the quantized transform coefficient, and

using the _guantized transform coefficient for comparison

process, comparison process is performed with a reference
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second transformation process is perfornmed to a specified pa,r*
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control code set uniquely is added to obtain a second result of
coding; and

In the particular coding step of the image coding
program, coding process is performed to the quantized
transform coefficient using a prescribed coding system, and a
first control code that is distinguishablé from the second
control code is added to obtain a result of particular coding.
27. A recording medium for image coding program as defined
in claim 25 wherein the second variable length coding step of
the image coding program includes:

a main second variable length coding process where the

transformation process is performed to a specified part of the

quantized transform coefficient, and wusing the quantized

transform coefficient for comparison process, comparison

process is performed with a reference event included in the
variable length code table to obtain a main second result of
comparison, and if the main second result of comparison
shows “matching”, a variable length code corresponding to the

reference event is employed and a second control code set
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codes is add sult of particular coding. 8. A;« rie¢qrdisig ?
medi um f or Wﬁﬁgj Hl am as defined in claim25 wherqgi in_the J
second vari abke step of thgoBmage codi ng progriam the -
transfornation process is perforrred to a specified part of the_guantized
transform coeffici ent and using the quantized transform coefficient for
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included in the variable length code table to obtain a second result of

conparison, gyl i f the second result of
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a sub second variable length coding process where, if the
main second result of comparison does not show “matching”, a

second transformation process is performed to a specified part

of the quantized transform coefficient with a prescribed
second function, and wusing the result of the second
transformation process, comparison process is performed with
a reference event included in the variable length code table to
obtain a sub second result of comparison, and if the sub
second result of comparison shows “matching”, a variable
length code corresponding to the reference event is employed
and a third control code which is distinguishable from the
second control code is added to obtain a sub second result of
coding; and

if the sub second result of comparison does not show
“matching”, the second result of comparison also does not
show “matching”; and

in the particular coding step of the image coding
program, coding process is performed to the quantized
transform coefficient using a prescribed coding system, and a

first control code which is distinguishable from each of the

second and third control codes is added to obtain a result of

particular coding.
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29. A

coding program, the transformation process is performed to a

specified part of the quantized transform coefficient, and

using the quantized transform coefficient for comparison

process, comparison process is performed with a reference
event included in the variable length code table to obtain a
second result of comparison, and if the second result of
comparison shows “matching”, a variable length code
corresponding to the reference event is employed and a confrol
code and a second mode code are added to obtain a second
result of coding; and

in the particular coding step of the image coding
program, coding process is performed to the quantized
transform coefficient using a prescribed coding system, and a
control code and a first mode code which is distinguishable
from the second mode code are added to obtain a result of
particular coding.
29. A recording medium in which recorded is an image
coding program which obtains transform coefficients for an
image to be coded by a prescribed transformation method,
performs quantization process to the transform coefficients

using a prescribed quantization scale to obtain quantized




transform coefficients, and the erforns variabl e | ength gedirg—process
to the quantize rm coefficients referring to a vari hiREPLAGHAENT CodET

-

t abl e conprising L ke Ik “M\eference events paired with yati
| engt h codes, sal\i! m ?““ (W ng a variable | ength codihgfstep {}/)gn; chag

. Lperform’hg divisj process to a spkctfFed p

conprises the ste
the quantized transform coefficient usi di vi sor deci ded
the quantization scale to obtain a quotient and a renai nder

W ) .
ofr-the—basis-of

obtaining a

result of c | Wi lheqt ' :Eh f
gpg%ﬂénf%?ﬂ% Vctgk;fg%qgh]% thgogﬁ@’nls RrP6AR_S Sy {HidbI€ TRIGETHCE

event inclu ehgt

if the result conpari son wth guoti ;
cocﬁng m1:)’1'ocess Mo" ¢ gtlgﬂtanst@e transform

referring to a variable length code table comprising

ode tablfe, using the quotient; and
coefficients

a plurality

of reference events paired with variable length codes, said

program including a variable length coding step which

comprises the steps of:

performing division process to a_ specified part of the

quantized transform coefficient using a divisor decided on the

basis of the quantization scale to obtain a quotient and a

remainder;

obtaining a result of comparison with quotient by

comparison process with a reference event included in the

variable length code table, using the quotient; and

if the result of comparison with quotient shows

“matching”, employing a variable length code corresponding

the reference event and adding an auxiliary code obtained by

performing coding process to the remainder using a prescribed

coding system to obtain a result of coding.

30. A recording medium in which recorded is

an image

coding program which obtains transform coefficients for an

image to be coded by a prescribed transformation method,

performs quantization process to the transform coefficients

using a prescribed quantization scale to obtain quantized

transform coefficients, and then performs variable length
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of reference events paired with variable length codes, said
program including a variable length coding step which .

comprises the steps of:
performing transformation process using a particular

function to a specified part of a reference event included in

the variable length code table, based on the quant_ization
scale, to generate a transformed event;

obtaining a result of transformation comparison by
comparison process between the quantized transform
coefficient and the transformed event; and

if the result of transformation comparison shows
“matching”, obtaining a result of coding using a variable
length code corresponding to the reference event based on
which the transformed reference event is generated.
31. A recording medium in which recorded is an image
decoding program which performs extraction to compression-
coded data as an object of decoding to obtain a variable length
code included in the data and use the code as an input
variable length code, and genefates an output transform
coefficient from the input variable length code referring to a

variable length code table comprising a plurality of reference



of reference events paired with variable | ength codes, said pr
i ncl udi-ng—a—vari-able—tength coding step which conprises the :
perfor | on process using a particular functi
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tabl e -

obtaining a result of transformation coTrp'aTl son by conpari son- _— '
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gener at ed. recordi‘ng rre iumin which recorded is an i mage decodi ng

program whi ch perfor r&%neg)(tggla&t:égsn Eeisioh § eS:'porc])f deciding which is the

input variable length code from among a first result of coding
obtained by a variable length coding process, a second result
of coding obtained by a variable length coding with a
transformation process, and a result of particular coding
obtained by a coding process according to a particular coding
system;

a first variable length decoding step of, if the result of
decision in the coding process decision step shows “first result
of coding”®, performing comparison process between the input
variable length code and a reference variable length code
obtained from the variable length code table by the reference,
and if the result of comparison shows “matching”®, generating
the output transform coefficient using a reference event
corresponding to the reference variable length code;

a second variable length decoding step of, if the result of
decision in the coding process decision step shows “second
result of coding®, performing comparison process between the
input variable length code and a reference variable length
code obtained from the variable length code table by the
reference, and if the result of comparison shows “matching®,

performing an inverse transformation process which is an
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a particular decoding step of, if the result of decision in
the coding process decision step shows “result of particular
coding®, performing a decoding process to the input variable
length code, which process is an inverse of the coding process
according to a particular coding system for coding, to generate
the output transform coefficient.

32. A recording medium for image decoding program as
defined in claim 31 wherein, in the coding process decision
step of the image decoding program, it is decided whether or
not the input variable length code includes one of a second
control code indicating that the input code is obtained by a
variable length coding process with a transformation process
and a first control code indicating that the input code is
obtained by coding process according to a particular coding
system, and if it is decided that none of the control codes is
included, the first variable length decoding step is performed,
if it is decided that the second control code is included, the
second variable length decoding step is performed, and if it is
decided that the first control code is included, the particular
decoding step is performed.

33. A recording medium for image decoding program as

defined in claim 31 wherein:
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code is obtained by a variable length coding process with a
transformation process and a first control code indicating that
the input code is obtained by a coding process according to a
particular coding system, and if it is decided that none of the
control codes is included, the first variable length decoding
step is performed, and if it is decided that the first control
code is included, the particular decoding step is performed;

if it is decided that the second control code is included, a
second control code decision step is further performed in
which it is decided whether the second control code is a
second control code indicating that the second control code is:
obtained by a variable length coding process with a first
transformation process or a third control code indicating that
the second control code is obtained by a variable length
coding process with a second transformation process; and

in the second variable length decoding step of the image
decoding program, if it is decided that it is the second control
code, a first inverse transformation process which is an
inverse of the first transformation process in coding process is
performed, and if it is decided that it is the third control code,

a second inverse transformation process which is an inverse of
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34. A recording medium for image decoding program as

defined in claim 31 wherein:

in the coding process decision step of the image decoding
program, it is decided whether or not the input variable length
code is a set of control code and second mode code indicating
that the input code is obtained by a variable length coding
process with a transformation process and a set of control
code and first mode code indicating that the input code is
obtained by a coding process according to a particular coding
system; and

if it is decided that none of the state is included, the
first variable length decoding step is performed, if it is decided
that the set of control code and second mode code is included,
the second variable length decoding step is performed, and if
it is decided that the set of control code and first mode code is
included, the particular decodin.g step is performed.
35. A recording medium in which recorded is an image
decoding program which performs extraction to compression-
coded data as an object of decoding to obtain a variable length
code included in the data and use the code as an input
variable length code, and obtains by extraction a quantization

scale used for coding which is included in the compression-
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generates an output transform coefficient from the input
variable length code referring to a variable length code table
comprising a plurality of reference events paired with
reference variable length codes, said program including a
variable length decoding step which includes the steps of:

performing comparison process between the input
variable length code and a reference variable length code
obtained from the variable length code table by the reference,
and if the result of comparison shows “matching”, obtaining a
reference event corresponding to the reference variable length
code and multiplying it with the remainder obtained based on
the quantization scale; and

performing to the input auxiliary code a decoding process
which is an inverse of the coding process by which the code is
acquired, to obtain an inverse auxiliary coefficient, and then
performing addition process to generate an output transform
coefficient.
36. A recording medium in which recorded is an image
decoding program which performs extraction to compression-
coded data as an object of decoding to obtain a variable length
code included in the data and use the code as an input

variable length code, and obtains by extraction a quantization
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length code table comprising a plurality of reference events
paired with reference variable length codes,

said program including a variable length decoding step in
which comparison process is performed between the input
variable length code and a reference variable length code
obtained from the variable length code table by the reference,
and if the result of comparison shows “matching”, a reference
event corresponding to the reference variable length code is
obtained, and then transformation process is performed using .
a prescribed function on the basis of the quantization scale to
generate an output transform coefficient.
37. An image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
corresponding to said variable length code by using a variable
length code table wherein a reference event consisting of Last,
Run, Level, is assigned to each reference variable lengtﬁ code,
and deriving an output transform coefficient from said event, the
method further comprising:

judging whether said variable length code includes a control

code, and if said variable length code is judged to include no
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the second control code is obtained by a variable | ength copdig—p
with a second transfyp ' uemaﬁms and in the second vafi able fegngtghr;q
decodi ng step of tm mmuam program if it is deciged t“‘h%t‘""i‘t g
the second control code, a first nverse transformation prpcess—whi-ch~is—an

inverse of the first transformation prockd® in coding prockss is performed,

and if it is decided that it is the t hitd control code, a secomd-tnverse
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medi um for| i rage decodi ng program as defined in claim31l wherein:
length code by using said variable length code table,

and, if said variable length code is judged to include said
control code, further judging, whether said variable length code
includes a second mode code, and if said variable length code is
judged to include said second mode code, obtaining an event
corresponding to said variable length code by using said variable
length code table and then a transformed event is obtained by
transforming the Level value of said event corresponding to said
variable length code using a predetermined function,

and, if said variable length code is judged to include no
second mode code, further judging, whether said variable length
code includes a third mode code, and if said variable length code
is judged to include said third mode code, obtaining an event
corresponding to said variable length code by using said variable
length code table and then a transformed event is obtained by
transforming the Run value of said event corresponding to said
variable length code using a predetermined function,

and, if said variable length code is judged to include no
third mode code, further judging, whether said variable length
code includes a first mode code, and if said variable length code

is judged to include said first mode code, obtaining an event by

subjecting said variable length code to fixed length decoding.

38. The image decoding method according to claim 37, wherein
- <
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medi um in which recorded i s‘ar‘l‘ i mage decodi ng program whi ch
xtract i B¢ tseconhmededpde is “0”, and

the third mode code is “10”.
39. The image decoding method according to claim 37, wherein
the predetermined function for transforming the Level value is
defined as:
the transformed Level value = sign (the resultant Level value)

X [abs(the resultant Level value) + a predetermined

Offset value].
40. The image decoding method according to claim 37, wherein
the predetermined function for transforming the Run value is
defined as:
the transformed Run Value = the resultant Run Value
+ (a predetermined Offset value + 1).

41. An image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
corresponding to said variable length code by using a variable
length code table wherein a reference event consisting of Last,
Run, Level, is assigned to each reference variable length code,
and deriving an output transform coefficient from said event, the

method comprising:
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i ncluded in the €onpressisons coded data and an i nput| auxXiTTary cod

obt ai ned based on a remai nder derived frd&bBa division
and generates an output transformcoefficrent fromthe I nput variapte

rocess for codingj
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sai d pr‘ogﬂ'

steps of:

code and | reference variable | ength code

code,

obtaining an event corresponding to said variable length
code by using said variable length code table in the case when
said variable length code is judged to include none of said
control code, said first mode code, sai& second mode code and
said third mode code,

obtaining an event corresponding to said variable length
code by using said variable length code table and then obtaining
a transformed event by transforming the Level value of said event
corresponding to said variable length code using a predetermined
function in the case when said variable length code is judged to
include said control code and said second mode code,

obtaining an event corresponding to said variable length
code by using said variable length code table and then obtaining
a transformed event by transforming the Run value of said event
corresponding to said variable length code using a predetermined
function in the case when said variable length code is judged to
include said control code and said third mode code.

obtaining an event by subjecting said variable length code
to fixed length decoding in the case when said variable length

code is judged to include said control code and said first mode

-

code.
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the first mode code is “117,

the second mode code is “0”, and

the third mode code is “10”.
43. The image decoding method according to claim 41, wherein
the predetermined function for transforming the Level value is
defined as:
the transformed Level value = sign (the resultant Level value)

x [abs(the resultant Level value) + a predetermined Offset

value].
44. The image decoding method according to claim 41, wherein
the predetermined function for transforming the Run value is
defined as:
the transformed Run Value = the resultant Run Value
+ {(a predetermined Offset value + 1).

45. An image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
corresponding to said variable length code by using a variable
length code table wherein a reference event tonsisting of Last,
Run, Level, is assigned to each reference variable code, and
deriving an output transform coefficient from said event, the

method further comprising: -
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control code, obtaining an event corresponding to said variable

[

length code by using said variable length code table,

and if said variable length code is judged to include said
control code, further judging, whether said variable length code
includes a third mode code, and if said variable length code is
judged to include said third mode code, obtaining an event
corresponding to said variable length code by using said variable:
# length code table and then obtaining a transformed event by
transforming the Run value of said event corresponding to said
variable length code using a predetermined function.
46. The image decoding method according to claim 45, wherein

the control code is “00000117, and

the third mode code is “10”.
47. The image decoding method according to claim 45, wherein:

the predetermined function for transforming the Run value
is defined as:
the transformed Run Value = the resultant Run Value

+ (a predetermined Offset value + 1).

48. The image decoding method according to claim 45, further
comprising judging whether said variable length code includes a

first mode code, and if said variable length code is judged to
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include said first mode code, obtaining an ever!rt-
said variable length code to fixed length decoding.
49. The image decoding method according to claim 48, wherein
the first mode code is “11”.
50. An image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
corresponding to said variable length code by using a variable
length code table wherein a reference event consisting of Last,
Run, Level, is assigned to each reference variable code, and
‘1 deriving an output transform coefficient from said event, the
method further comprising:

judging whether said variable length code includes a control
code, and if said variable length code is judged to include no
control code, obtaining an event corresponding to said variable
length code by using said variable length code table,

and if said variable length code is judged to include said
control code, further judging, whether said variable length code
includes a second mode code, and if said variable length code is
judged to include said second mode code, obtaining an event
corresponding to said variable length code by using said variable
length code table and then obtaining a transformed event by
transforming the Level value of said event corresponding to said

variable length code using a predetermined function.

51. The image decoding method according to claim 50, wherein
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the control code is “0000011”, and

the second mode code is “0”.
52. The image decoding method according to claim 50, wherein
the predetermined function for transforming the Level value is
defined as:
the transformed Level = sign (the resultant Level value)

X [abs(the resultant Level value) + a predetermined Offset

value].

53. The image decoding method according to claim 50, further
comprising judging whether said variable length code includes a first
mode code, and if said variable length code is judged to include said first
mode code, obtaining an event by subjecting said variable length code to
fixed length decoding.
54. The image decoding method according to claim 53, wherein the
first mode code is “11”.
55. An image coding method in which variable length coding process is
performed to transform coefficients by referring to a variable length code
table comprising a plurality of reference events, consisting of Last, Run,
Level, paired with reference variable length codes, wherein the variable
length coding process compﬁses: ,

obtaining an input event consisting of Last, Run, Level,

corresponding to said transform coefficients,

e
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comparing said input event with a reference event in said table,
and if said input event accords with said reference event, outputting a
variable length code corresponding to said reference event,

obtaining a first transformed input event, if said input event does
not accord with any reference events in said fable, by transforming the
Level value of said input event using a predetermined function,

comparing said first transformed input event with a reference
event in said table, and if said first transformed input event accords with
said reference event, outputting a control code and a second mode code
followed by a variable length code corresponding to.said reference event,

and if said first transformed input event does not accord with any
reference events in said table, obtaining a second transformed input
event, by transforming the Run value of said input event using a
predetermined function,

comparing said second transformed input event with a reference
event in said table, and if said second transfdrmed input event accords
with said reference event, outputting a control code and a third mode
code followed by a variable length code corresponding to said reference
event,

and if said second transformed input event does not accord with
any reference events, outputting a control code and a first mode code
followed by a fixed length code corresponding to said input event by
referring to a fixed length code table.

56. The image coding method according to claim 55, wherein
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the control code is “00000117,

the first mode code is “11”,

the second mode code is “0”, and

the third mode code is “10”,
57. The image coding method according to claim 55, wherein the
predetermined function for transforming the Level value is defined as:
the transformed Level value = sign(the resultant Level value)

b¢ [abs(the resultant Level value) — a predetermined Offset

value].
58. The image coding method according to claim 55, wherein the
predetermined function for transforming the Run value is defined as:
the transformed Run Value = the resultant Run Value
- (a predetermined Offset value + 1).

59. An image coding method in which variable length coding process is
performed to transform coefficients by referring to a variable length code
table comprising a plurality of reference events, consisting of Last, Run,
Level, paired with reference variable length codes, wherein the variable
length coding process comprises:

obtaining an input event consisting of Last, Run, Level,
corresponding to said transform coefficients,

comparing said input event with a reference event in said table,
and if said input event accords with said reference event, outputting a

variable length code corresponding to said reference event,
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‘transforming the Run value of said input event using a predétermined

function,

comparing said second transformed input event with a reference
event in said table, and if said second transformed input event accords
with said reference event, outputting a control code and a third mode
code followed by a variable length code corresponding to said reference
event,

and if said second transformed input event does not accord with
any reference events in said table, obtaining a first transformed input
event, by transforming the Level value of said input event using a |
predetermined function,

comparing said first transformed input event with a reference
event in said table, and if said first transformed input event accords with
said reference event, outputting a control code and a second mode code
followed by a variable length code corresponding to said reference event,

and if said first transformed input event does not accord with any
reference events, outputting a control code and a first mode code
followed by a fixed length code corresponding to said input event by
referring to a fixed length code table.
60. The image coding method according to claim 59, wherein

the control code is “0000011”

the first mode code is “117,

e

the second mode code is “0® and
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61. The image coding method according to claim 59, wheréirnthe

predetermined function for transforming the Level value is defined as:

the transformed Level value = sign (the resultant Level value)
X [abs(the resultant Level value) - a predetermined

value].

Offset

62. The image coding method according to claim 59, wherein the

predetermined function for transforming the Run value is defined as:

the transformed Run Value = the resultant Run Value

- (a predetermined Offset value + 1).

63. An image coding method in which variable length coding process is

performed to transform coefficients by referring to a variable length code

table comprising a plurality of reference events, consisting of Last, Run,

Level, paired with reference variable length codes, wherein the variable

length coding process comprises:

obtaining an input event consisting of Last, Run, Level,

corresponding to said transform coefficients,

comparing said input event with a reference event in said table,

and if said input event accords with said reference event, outputting a

variable length code corresponding to said reference event,

and if said input event does not accord with any reference events

in said table, obtaining a second transformed input event, by

transforming the Run value of said input event using a predetermined

function,

e
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comparing said second transformed input event with areferemce—————

event in said table, and if said second transformed input event accords

with said reference event, outputting a control code and a third mode
code followed by a variable length code corresponding to said reference
event.
64. The image coding method according to claim 63, wherein

the control code is “000011”, and

the third mode code is “10”.
65. The image coding method according to claim 63, wherein the
predetermined function for transforming the Run value is defined as:
the transformed Run Value = the resultant Run Value -

(a predetermined Offset value + 1}).

66. The image coding method according to claim 63, further
comprising outputting a control code and first mode code followed by a
fixed length code corresponding to said input event by referring to a fixed
length code table if said input event and said second transformed input
event do not accord with any reference events.
67. The image coding method according to claim 66, wherein

the first mode code is “11”.
68. An image coding method in which variable length coding process is
performed to transform coefficients by referring to a variable length code
table comprising a plurality of reference events, consisting of Last, Run,

Level, paired with reference variable length codes, wherein the variable

length coding process comprises:
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obtaining an input event consisting of Last, Run, Lev;al,
corresponding to said transform coefficients,

comparing said input event with a reference event in said table,
and if said input event accords with said reference event, outputting a
variable length code corresponding to said reference event,

and if said input event does not accord with any reference events
in said table, obtaining a first transformed input event, by transforming
the Level value of said input event using a predetermined function,

comparing said first transformed input event with a reference
event in said table, and if said first transformed input event accords with
said reference event, outputting a control code and a second mode code
followed by a variable length code corresponding t6 said reference event.
69. The image coding method according to claim 68, wherein

the control code is “0000011”, and

the second mode code is “0”.
70. The image coding method according to claim 68, wherein the
predetermined function for transforming the Level value is defined as:
the transformed Level value = sign (the resultant Level value)

X. [abs(the resultant Lével value) — a predetermined Offset

value].

71. The image coding method according to claim 68, further
comprising outputting a control code and a first mode code followed by a

fixed length code corresponding to said input event by referring to a fixed
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length code table if said input event and said first transformed-input
event do not accord with any reference events.
72. The image coding method according to claim 71, wherein

the first mode code is “11”.

———
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scale used for coding which is included in the compression-
coded data, and generates an output transform coefficient
from the input variable length code referring to a variable
length code table comprising a plurality of reference events
paired with reference variable length codes,

said program including a variable length decoding step in
which comparison. process is performe'd between the input
variable length code and a reference variable length code
obtained from the variable length code table by the reference,
and if the result of comparison shows “matching”, a reference
event corresponding to the reference variable length code is
obtained, and then transformation process is performed using
a prescribed function on the basis of the quantization scale to

generate an output transform coefficient,
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