3 APR 2004 | SPECI FI CATI ON nage Codi ng and Decodi ng Met hods Techn3 cAPR F08% d
The present invention relates to i mage coding and decodi ng net hods and
nore specifically, but not exclusively, to an inage coding process in
which a. variable coding of high versatility is perforned and an i mage
decodi ng process perforned to the result of this image coding. Background
Art Conpression coding is essential for efficiently storing or
transmtting a digital imge. As a nethod of conpressively coding a
digital image, used is discrete codine transformation (DCT) that is a

dom nant technology in typi f i ke JPEG (Joint Phot ographic
Experts G oup) and MPEG (%vﬁ?&éﬁ@?ﬁm erts Goup In addition, waveform
codi ng nmet hods such as subband coding, wavel et transformation, and fractal
are also used as 1HAgHE odimstapdsPEsofdng Metheddve redundant 1 3 APR
2004 2 signals between inmages, intra-frame coding is basically preforned
based on a spatial correlation within one still 1imge; in addition to
this, inter-image coding is also performed in which inter-inage prediction
usi ng Mii@hnical Field
The present invention relates to image coding and

decoding methods and more specificaily, but not

exclusively, 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 ldiscrete
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



conpensation is performed based on a tenporal correlation bet t
of adjacent still inmages, and a difference signal obtained is gﬁﬁﬁ%?ﬁggzﬁﬁf

wavef orm codi ng. Use the both nethods makes it possible to obtain coded
data with a high conpression ratio. the conventional inage coding process
according the MPEG standard or the like, after the DCT process or the

| i ke, quantization process is perfor2red, followed by variable I ength coding
process. More specifically, process such as DCT, subband, or wavelet is
performediadiagis dletwage dabgendinttheat faasforndinedflsikass cehitlay ned- by
the above process are quantized usin prescribed quantization scale to
gener at epgedintrinzed] ba s e sfromms padfifd I icent se I at whinc 1 variirmbhe kergtih codi ng
process is to be performed. The quantized transform coefficients obtained
by quaniinzatei;onrpragéssiamne @B rehged imth i WmdhEeRG DAy i8r kA% and each
coefficient indicates zero or non-zero. |In the variable Iength coding
process, per§oaghesr aimi wPichs iperd oF R gleo ghed coel binciant:sy (£8£Q ca3nd
non-zero) arranged in the two-dinensional array in a prescribed 3 APR 2004

3 scanncagpendelt iten HeapedTerhde Kol §idn ant S mph e cH FeNsk 9By, and
thereafter, events are generated fromthe one-dinensional array of

coef fi Cilgat fe eBACHCBVENE 0 FCOATTH 10 £ 1RUNNERALS | Qﬁidcgtcﬁsf@ePFHJB%r of

preceding zero coefficients.and a Level that i ndi cates the value
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, gquantization 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 quantized using a
prescribed quantization scale to generate quantized
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



of a non-zero coefficient. Then, coding is perfornmed by referri 193t 8PR ?Uﬂff
vari able |l ength code table prepared in advance in which a unique variable

| ength code is allocated each event consisting of a Run and a Level.
Moreover, in stead of this nmethod, an alternative nmethod nay be used, such
as a nethod of allocating another code which indicates coefficient is a
| ast one, or a nethod of perform ng coding with reference to a table where
variabl e | ength codes are allocated to events each consisting of a set
(Run, E&ANN1IRGsPYAEEt dihede dyraddiend e Lase fEadiicii nginoehfi cient is a
| ast one to a set Level. Run and Figure 18 is a flowchart illustrating the
pr oceddi& s ipn arane o age pfocass etve rers eventg ewasaseidng romsthe Run,
Level ). Hereinafter a description is given the conventional coding process
with reperéeideensionel falrowwfofi goed flicikolt owi nBathe dwddt ati on of the
process in step 1801, th event is input as an input event which is an
obj ectcpnédedsedef | a Buaep t1803, indhpatiesor irsupbetonted B APRiAQ bet ween
this input event and a reference event included in a variable | ength code
t abl e. z€Erguces Il ¢ hentigh.asitbva i hstabcesaal itrhei ¥atieablthe value

of a non-zero coefficient. Then, coding is performed by

referring to a variable length code table pPrepared 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 variable 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



.,,.

; e used for the prior art vériable length coding‘pqu§@szmM
rated, in the tables, events each consisting of (Last, Run,
Level ) correspond to codes. |In the figures, "s" in a "VLC CODE" cel

i ndi cates zero when Level is positive, whereas it indicates 1 when Level

I stnegative. Further, when Last the coefficient concerned is not the |ast
coefficient.betogersghbs Lngwte g erEr BRG o 9 8L 9BGAR P EnghRitERs
tabl e, conparison is performed between the input event and each reference
event includéd inudielabbee loonstbt cofoft#Past-, Run, Level) Run, Level) is
identical to that of the input event. Wien it is decided in step 1804 that
there is such refergnces éfenhraieh A805hey pastETRes AhickBasVehAER such
a reference event is not found, step 1806 is perfornmed. At this point, if
step 1805 i slpragfdr medie a alat pablsed dmpt theaeiei osr pasporai hgble LRagth
reference event is output, followed by step 1807 which will be described

| ater. deci deddwhet hexrothense | i iklesereet edentnoftiihi chblless stepnis8os,
according to the above conparison process, it is the other hand, in the
case where séephl8Ofisis Hiatd arhgd,adtbhatRurs, ligvehe caseewparred tthecPdast .,
Run, 1 3 APR 200 Level) identical to that of the event as an object
processed carmothbe ffigtnge when stheiwas i bbLe CaE'h cedd itrableatssrefkera ed
fixed length coding is performed in

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,




step 1806. Figures 23 are diagrans conceptually illustrating fixed | enath
coding. As shown in the figures, the codes shown in figure 23(a)iadeAPR 200
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
| engt h codi ng process, a control code for indicating that a result of the
coding is a fixed-length <code is agilded in such a way that it is
transmitted prior the result of the coding, so as to distinguish the code
obt ai nafbpy1 §i x@dnitangih woding: feomideecede abt annethjant vas ikadl e | engt h
coding. This control code is called "escape code (ECS)", and in this case,
a code 50000048y cehowt ive ffQuie WRehs tusedaasi dike chahyah catde Mre
specifically, when fixed length coding is performed, coded data is

obt ai ngd, 1cONPE 5SiRG A e di t £ ESCacadrid cbheneodes thwisfakmecntiad
subsequent .to the ESC code. Follow ng the performance of step 1805 or step

1806, siegeﬁhfsépbseﬂ&agﬁtre%%1§9@, ditagrsarflectdadephaideryan i nput  event
|

processed ‘is a | ast put event or not,” and if it is decided that the
event ;9 qf - ' A% o Pl REESSALSs 1EO0R116f ed el A1 ghers1808. On
t he otﬁéfL %%%?ﬁﬁpgn?%x%geﬁégggegu%hatgthe event ié not theglast one, j is

3 APR 2004 6, {heramanled, by 0 55 ¢R) 1809 2ndobhe RPYIARMNL LRidrns step
1802, eréby a next 1 nput event 1s processeg in the sane manner. Thus, the
process s CORLLNUGD S0 {05 5BSE BAFLr 21888k & - Levels,

respectively,andthesecodesaretheresultscxfthecoding.

In this fixed length coding process, a controi 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 “oogoo011

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. oOn the other hand, if

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



descri bed above, in the prior art inmage codi ng process, events are
generated for quantized transform coefficients and conparison i§ 3efRR 2004
bet ween the event and a reference event included in a variable | ength code
table; if the matching event is found, a variable length code derived
fromthe table is used, whereas, if no matching event is found, a result
of fixed length coding, to which agcontrol code (ESC code) is added, is
used. Cenerally, a variable length code table is formed by investigating
stati stijrRlrdhsitehubiyon Usi nepine8@d ahdagke apdrdtdeat rrgushorter codes
to the events occurring nost frequently, whereby the overall conpression

ratio i $4J RRIQYaboAs wieseebed abateinput codimg 1s mobcpersfeat nied using a
vari abl e length code table, fixed length coding is performed and the

Co”p.res%%%ﬂ JAtd GnahsethusTdeay adatk Jheeekeres idorsigestr ed ttharake a
setting i ch hardly causes fixed length coding. In the prior art inmge

codi ng, jag+ShAWML L 8rb gy s dBeikbheit I1s decided in step 1804 that there is
no reference event concerned, fixed length coding is inmediately perforned

in step 18065 whl.chqeans dbabed i3 Gid pBiber g dndglPRAMNdg 7 variabl e

| engt h codi ng”w etter coding efficiency is directly decided by a rate

at which a0 QUentc GOREET NG SnBLERRR {4y quankable | enghlseade table. In
1 Nng, (6]

inage_cBnpressﬂon co g, | ver, the statistical distribution of
coeffi CE:%rétfsfivcairéne safr?&)rcdérﬂga&(}storheis 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 codel table is formed by
investigating statistical distribution using numeral
images and allocating shorter codes to the events
occurring most freqﬁently, whereby the overall
compression ratio is improved. As described above, 1if
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



guanti zation scale, and it is understood that the distribution of
coefficients having high conpression ratio differs considerabl Br ARRt High
having | ow conpression ratio. Therefore, when an appropriate variable

| 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 | ength coding is increas
resulting in reduced coding efficiency. Generally, as the quantization
scal e i ¥airiGebe ebengthe cOSHIT R4l bh ga?ﬁéroﬁQﬂkﬂﬁiQ%ﬁlﬁﬂ§ﬁ§ﬂb@ﬁ
coefficients is increased, but the event derived from such quantized

t r ansf ofmresef ¥y cilenidededts 2 orhfiee af sil ¢Rr avaleyenfevebncEmaadiri abl e

| ength code table shown in figures 19 to 22 includes many events havi ng
smal | Légelpnedars hi eh wshorabtedésrgrtsh atddeattedleand is suitable for use
in the case where quantized transformcoefficients having relatively high
conpr essi on Tatima gar ecogatk &1 oprovdssgndobyeves., Thersefatestiftatihe

guanti zation scale is small and the conpression ratio of quantized

transf odinst r3iARR @n 004 ceeffffLciahs si 7dmve s manyoafditde tventhe deri ved
have | arge Level values. So, the rate at which an event concerned is not
pr esentgiantdcta thiosh abta lleengihd code itsahireie sstnereatad: @nd t he events
present in the table are often allocated relatively |ong codes, resulting
in i ncreased ibidt vwber ebe fifhiecf €aukt hefvimg Bodhngonpr©f bebnwor ds,

enploying a variable length code table forned for | ow conpression ratio
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 is decreased
and the rate of performing fixed length coding is increased,
resulting in reduced coding efficiency.

Generally, as the gquantization scale is increased,
the compression ratio of quantized transformcoefficients
is increased, but the event derived from such guantized
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 quantized transform coefficients
having relatively high compression ratioc are used as

processing objects. Therefore, if the quantization scale

is small and the compression ratio of quantized transform



in coding at high conpression ratio |eads to decrease in coding] 3 APR 2004
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 |ength coding cannot be
performed and fixed length coding is perforned nore frequently, and the
anount of bits is increased even when variable |ength coding is perfornmed,
the amount of code is increased and inprovenment of conpression ratio is
prevented, which is a problemof th& prior art inmge coding process.

Di scl osure of the Invention The present invention therefore provides an

i mge decoding nethod for extracting a variable Iength code from

conpr essicfodaad sdbt dowybinaimy g tine exneamt t 3 daPRv200h awerlesgendi ng to sai d
variable length code by using a variable |ength code table wherein a

ref erenqewephluc9nskel it ehtbast with d€\@lent Soddranaf iko each
reference variable iength code, and deriving an output transform

uhet her 3} &rs§?nsfbr2ﬁ§13t‘ha1‘ ol le 4L Ta R R bR st " o

variable length code is %ed to inc]ude no contro{ code, obtaining an
event @dHd RAiCA St Bl‘§§PH Vidt ithes eabbngms ebgn Q&ﬁl‘?ﬁﬁ said variable
l ength code table; and, if said variable | ength code is judged to include
sai d comti@tivmyiel,oﬁglrctdtbers,j nelgubigng whetnmresswidl bidrmabileet exfgt h code
i ncl udes a second node,
' 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 therefore provides an
image decoding method for extracting a variable length

code from compression-coded data, obtaining an event



and if said variable length code is judged to include said seconq gﬁR 0
code, obtaining an event corresponding said variable |Iength code bgD s.&@
said variable length code table and then a transforned event is obtained
by transform ng the Level value of said event corresponding to said

vari abl e I ength code using a predeterm ned function; and, if said variable
| ength code is judged to include no second node code, further Judgi ng,

whet her said. variable |ength code includes a third node code, and if said
variable | ength code is judged to i ®lude said third node code, obtaining
an event corresponding to said variable 3 APR 2004 10 | ength code by using
said variable length code table and then a transfornmed event is obtained
by transfarmdspphtiéengRio vsdide vhrsdhle eleargtltocodspobyi niping sai d vari abl e
| ength code using a predeterm ned function; and, if said variable length

code is judgefiet o diinide dife t hide MR eredde, af urdfdeenicedgengntwhet her
said variable length code includes a first node code, and if said variable

| engt h code . i.s_judged o jnc sqi irs . , taihipng an event
by subj eccc’[l?%’g“éra‘jﬁd d5r kst | 8ngth po eeflto l%i Q%ggléﬁﬁét hQ‘geg‘% %ﬁg. I'n
another faoarm the present invention provide an . Image decoding met hod for
ext r act if§deEENEET MR EAERgiRN L HIeC? 8n1§5%§r §SHOME 088d YdtBHobt ai ni ng

an event corresponding to said variable |length code by using a. variable

| engt h dode stfabhe ebeffecierat feber eseirl esregmt, the method further
including, 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,
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 oBtah&ed 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



consi sting of Last, Run, Level, is assigned to each reference vajijaldp® 2004
| ength code, and deriving an output transformcoefficient fromsaid event,
the nethod including judging whether said variable | ength code includes a
control code, a first node code, a second node code or a third node code;
obt ai ning an event corresponding to said variable | ength code by using
said variable length code table in the case when said variable | ength code
is judged 1 3 APR 2004 11 to include none of said control code, said first
mode co said second node code and shOd third node code; obtaining an event
corresponding to said variable I ength code using said variable | ength code
table and then obtaining a transfornmed event by transform ng the Level

val ue oflesaitth @¥EOtbyoueagoRaAidgvhoishle leardtdbl @dentibleodedusi ng a
predeterm ned function in the case when said variable Ilength code is

| udged t,9,d,nck Uge, s8f sk BRI E9kiOfle B saldl BecORthaRsianzagethebt aining an

event. corresponding said variab | ength code by using sard variable

| engt h ode table apnd then obtaining a transfornped evgnt I form ng the
Run val UsUgf EXUf eQEn?aﬁgr FE§ nﬁﬁqs@o%‘gf%gvéPi Sy IVeanItglfah%qgode using a

predeterm ned function in the case when said variable | ength cqode is

j udged tlengthclante susiingont poledesgsmaine g alwneriany e, cddéaldnd

obtai ning an event by subjecting said variable length code to fixed | ength
decodi ngdriatble tesgthWhendsaiid 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.

In another form, the present invention provides an
image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
corresponding to said variable length code by wusing 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 including
judging whether said variable length code includes a
control code, a first mode code, a second mode code or a
third mode 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



vari able length code is judged to include said control code and id first
node code. In both instances, it is preferred that. the control ci ARRs 2004
"0000011", the first node code is "411", the second node code is "0", and
the third node code is "10". 12 More preferably, the predeterm ned function
for transformng the Level value is defined as: the transfornmed Level
value = sign (the resultant Level value) x [abs(thc resultant Level val ue)
+ a predeterm ned O fset value]. The predeterm ned function for
transformng the Run value may be #dfined as: the transfornmed Run Val ue =
the resultant. Run Value + (a predetermned Ofset value + In a third form
the present invention provides an image for extracting a variable length
code fram inelpdessicate coidedidatantobl aiodmgsand efient modespoialing to
said variable | ength code by using a variable length code table wherein a

refer enc@aﬁi’%@coqp@%%ﬂé’%o@[fe h?ﬁf safdNthirekYebdel Soassidhgdntiageach

reference variabl e code, and deriving an out put transform coefficient from

said event, nmet hod further incl ng, g riable
length e SV H‘?&etua%%rraesé%)%gb]ilgcéae S%gﬁd 4}@%@ var %tt Os‘i%e h code is
judged to include no control code, obtaining an eyen orrespondlng to said
var i abl e1sEngtInichdugiblg ken ety 5q%0| q?lén@tnﬁi égdfél tOjﬂbl}@ém&rgda if said

variable length code is judged to include said control code, further
j udgi ng,trefiedfoemedi dveati byl erdesfo timioge thecLeded wahind ref segde code, and
if said variable length code is judged to
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 chode; and
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.
In both instances, it is preferred that the control code

is “0000011”, the first mode code is “11”, the second mode

code is “0”, and the third mode code is “10”.



i nclude said third node code, obtaining an event 3 APR 2004 13
corresponding to said variable I ength code by using said variabﬂeglﬁpgtmmg
code table and then obtaining a transforned event by transform ng the Run
val ue of said event corresponding to said. variable |length code using a
predeterm ned function. Preferably, the control code is "0000011", and the
third node code is "10". More preferably, the predeterm ned function for
transform ng the Run value is defined as the transformed Run Value = the
resultant Run Value + (a predeterm A& O fset value + 1). Advantageous,

t he met hod i ncludes judgi ng whether said variable |Iength code includes a
first node code, and if said variable length code is judged to include

said first Wnﬂﬂ'élogﬁsef@bhaﬂ?l nghen gverdetarmsibedct fwgcesain virr abl e
| ength code to fixed | ength decodi ng. Mdre advantageously, the inmage first

mode codg. %{)(Mg@ggfxl?éf@%vémmum% H%?ﬁfé‘&-a%}ﬁ‘(ﬁ@%%h@f%@%s an i mage

decodi ng e racting a variable [engt code from . .
R R N PR M R A R T S AL
event Cls)en:li.listtai;]tgL%fvelia\?ettfueﬁu-r:,aLpelyeeclléteir?n?ggllg(r)]?Pséto e\?gPué]P.R 21004 14
The predetermined function for transforming the Run
value may be defined as: the transformed Run Value = the
resultant Run Value + (a predetermined Offset value + 1).
In a third form, the present invention provides an

image 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

deriving an output transform coefficient from said event,

the method further including 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 third

mode code, and if said variable length code is judged to

include said third mode code, obtaining an event



reference variabl e code, and deriving an output transform coefficient from
said event, the method further including judging whether said Vagi ABReZi04
| ength code includes a control code and, if said variable |ength code is
judged to include no control code, obtaining an event corresponding to
said variable |l ength code by using said variable |ength code table; and,
if said variable length code is judged to include said control code,
further judging, whether said variable |Iength code includes a second node
code, and if said variable length d8de is judged to include said second
node code, obtaining an event corresponding to said variable |ength code
by using said variable length code table and then obtaining a transforned
event bycorensponding tbeshedelarddbbe diersaild @vdat bgolrséagosdiidg to said
vari abl e I ength code using a predeterm ned function. Preferably, the

control bfz}?/f,j&[thl% ) 01%3%{ ", c80¢ thepizecondqnode gpdegeaiPing Moge

prefera e pre erm ned function for transformng the Level val ue
evel, val ue) x

[ abs(t heTPILCARES COFEIt VAT JARnF 18T R Ui NBE R YaRGar. ‘There may
be included the step of judging whether said variable |ength code includes
a first enret cookrespending soappidovarinkly depdthamade eH§ingcade i s
judged to include said first

predetermined function.

Preferably, the control code is “0000011”, and the
third mode code is “10”.

More preferably, the predetermined function for
transforming the Run value is defined as the transformed
Run Value = the resultant Run Value + (a predetermined
Offset value + 1).

Advantageous, the metho.d includes 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. More
advantageously, the image first mode code is “117,

In yet another form, the present invention provides an
image decoding method for extracting a variable length
code from compression-coded data, obtaining an event
correspolnding 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



node code, obtaining an event by subjecting said variable I|ength code to
fixed | ength decoding. The first node code may be In a further floBniPRhZ)04
present invention provides an imge coding nmethod in which variable | ength
coding process is perforned to transformcoefficients by referring to a
vari able length code table conprising a plurality of reference events,
consisting of Last, Run, Level, paired wth reference variable | ength
codes, wherein the variable I|ength coding process includes obtaining an

i nput event consisting of Last, Rubk4 Level, corresponding to said
transform coefficients; conparing said input event wwth a reference event
in said table, and if said input event accords with said reference event,

out put t iRFeenlel aRlreablengsdecaded caerapgndimeptibpaadi traredfrreance event
obtaining a first transfornmed 1 nput event, If said input event does not.

accor d WiddbAnk J S PHENCEa RY B Ent N Y dn kBBl ribtnlranatpaaing the Level

val ue of " sai d i nput éeven using a predeterm ned function; conparing said
first tra sforngﬂ%igﬁut event with ate eregﬁe ev Qt.inlsgkd %able and,
i f sai d GRS r SREER ARG 94 ut VBT S ctTrEER \GIHC sdPE HEFE efice event
outputting a control code and a 1 3 APR 2BU -r 16 second node code foll owed
by a vardabtmll engeh asutle if sideyiganabhe leagid cads dseiadgedet?; and, if
said first transformed i nput event does not accord with any reference
events ijpclaidé treblconohdlachidey abseiwitlg 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.

Preferably, the control code is “0000011”, and the
second mode code is “0”.
More preferably, 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].

There may be included the step of judging whether

said variable length code includes a first mode code, and if



transforned i nput event, by transformng the Run value of said input event
using a predeternmined function; conparing said second transformefl 3 mRrR 200
event with a reference event in said table, and if said second
transforned i nput event accords with said reference event, outputting a
control code and a third node code followed by a variable |ength code
corresponding to said reference event; and, if said second transforned

i nput event does not accord with any reference events, outputting a
control code and a first node codeléollomed by a fixed | ength code
corresponding to said input event by referring to a fixed |ength code
table. In a yet further form the present invention provides an imge

codi ng neditbdariabhbe dengeth ablde [enjgtdzecbdong clprdeesssdi Srperfornmed to
transformcoefficients by referring to a variable |l ength code table

conpri si A fe Rl bbY¥adhing &l @ranGet %‘jzegh%fieé v diAgvakidsiet ., Run,
Level, paired wth reference variable’l ength codes, wherein the variable

Level , pal’ Fere bl "l ength cod
consi st g Eaefe TR R HaRe O P UGt LR e S ek, efler %

coefficients; conparing said input event with a reference event in said
t abl e, éﬁ@ﬂ'besayg”input event accords with said reference event,
outputting a variable |ength code corresponding to said reference event;
and, if saidn apfiuregventfodoesthetpecsont inivemtany pederdgg@revents in
said table, obtaining a second transfornmed input event,

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 procesé. includes 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;

obtaining a first transformed input event, if said input

event does not accord with any reference events in said

table, 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



by transform ng the Run value of said input event using a predetger,m,ned
function; conparing said second transforned input event with a rﬁﬁef@ﬁcgw’
event in said table, and if said second transforned i nput event accords
with said reference event, outputting a control code and a third node code
foll owed by a variable Iength code corresponding to said reference event;
and, if said second transforned input event does not accord with any
reference events in said table, obtaining a first transfornmed i nput event,
by transfornming the Level value d6said input event using a

predeterm ned function; conparing said first transfornmed input event with
a reference event in said table, and if said first transfornmed input.

event acgecdndvnhbdeatddeefdieweel &yeat vapistipet témgtla codat rol code and a
second node code followed by a variable |ength code corresponding to said

ref erenceogyenh ordfithg 16 dard ABRA01Lc 18 &8 chhiz st $amnshayimed input event

does not accord w any reference events, outputting a control code and a

first de cpde fo]lowed by a.fixed length ¢ .cor ponding to said

i nput ev nt”PIELFéir ?’i’%ﬂt%xﬁni‘:ii‘éﬁsl%‘i’] %‘ﬁc gig%*flggl é.ﬁiﬁ n both the
preceding forms, it is preferred that the control code is "0000011", the
first motelegedecs £vemnts ingaid table, obtaining a secon

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
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, 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.

In a yet further form, the present invention provides
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 includes obtaining an input event



second node code is "0" and the third node code is "10". Furthern?rF,Aprﬂm
both the predeterm ned function for transformng the Level value may be
defined as the transfornmed Level value = sign (the resultant Level val ue
[abs(the resultant Level value) --- a predetermined Ofset value] and the
predeterm ned function for transformng the Run value may be defined as:
the transformed Run Value the resultant Run Value - (a predeterm ned

O fset value -+ 1 In a penultimate form the present invention provides an
i mge coding nmethod in which variang'Iength coding process is perforned
to transformcoefficients by referring to a variable |ength code table
conprising a plurality of reference events, consisting of Last, Run,

Level , pepnedstimg lofrieset.eRem ydeivad| edrengple udides towkaidi n the vari abl e

| engt h codi ng process includes obtaining an input event consisting of

Last, Rufrah&Miim €6EfRERONE NGohopapie 'shid HFu20OvdRt twikskor m

coefficients; conparing said input event with a reference event in said

table, apdrif i d.l.opu vent o] ¢ s5ay f e event,
out putting ége\?chél glglegﬁ {%ngatqﬁ E%gg&’c%?lﬁie\é\%tgﬁé?ﬁfd‘p?%@segg reference event;

and, if said.input, event dpes not accord with any referen events in
cai d t abfECOBEPAVA A A BEHIE T @ fIeat redlt RESEILG énd AT1BH1G r ansf of i ng

the Run value of said input event using a predeterm ned function;
conpar i ngrgthl costo e rrespestdinredoi apid refenenact eventetarentle event in
el ¢ sald 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 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



table, and if said second transformed i nput event accords wth said
reference event, outputting a control code and a third node codef fplApped)
by a variable |l ength. code corresponding to said reference event.
Preferably, the control code is "0000 1 1 ", and the third node code is
"10". More preferably, the predetermined function for transform ng the Run
value is defined as the transfornmed Run Value = the resultant Run Val ue -
(a predeterm ned O fset value + 1)._ The nethod may include the further step
of outputting a control code and f18st node code fol | owed by a fixed

| engt h code corresponding to said input event by referring to a fixed

| ength code table if said input event and said second transforned input
event deaidt fiastorrch riSfoAPRe 2004p R0 avamt doe s afodr eapcerdvEiitls amhe fir st
node code may be In a final form the present invention provides an inage

codi ng mRitrhednics ik fbs Varitgheihengtdbeodiingodpr #adss fissperforned to
transformcoefficients by referring to a variable | ength code table

conpri sin | i e E}g&r}f SLShi ; Level,
pai red r%lgfir% ?é?gr @nlééa{/ea(% ?jz}!%%e eng?%ngggeés?a\%\hr}g?gen_ t _ed%/%i%é)bl e length
codi ng praocess includes obtai.nin gaQolarll%)t{egvlent t%orésoldset L{gglgf Last, Run,

Level , &&riFeSpBHAE fgeRt Ly referri cng

In both the preceding forms, it is preferred that the
control code is “0000011”, the first mode code is “117, the
second mode code is “0” and the third mode code is “10”.

Furthermore, for both the predetermined function for
transforming the Level value may be defined as the
transformed Level value = sign (the resultant Level value) x
[abs(the resultant Level value) — a predetermined Offset
value] and the predetermined function for transforming the
Run value may be defined as: the transfolrrned Run Value =
the resultant Run Value - (a predetermined Offset value +
1).

In a penultimate form, the present invention provides
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 includes obtaining an input event

consisting of Last, Run, Level, corresponding to said



d transform coefficients; conparing said input event with a reference
event in said table, and if said input event accords with said réfgr&PRe0]
event, outputting a variable |ength code corresponding to said reference
event; and, if said input event does not accord with any reference events
in said table, obtaining a first transforned input event, transformng the
Lcvel value of said input event using a predeterm ned function; and
conparing said first transfornmed i nput event with a reference event in said
table, and if said first transforne£9input event accords with said
reference event, outputting a control code and a second node code fol |l owed
by a variable length code corresponding to said reference event. 3 APR

2004 21 tPmefefivabh yo o d ffécieantsr; of o mqukeriing $60Q00Ip Ut e vamdt théh second node
code is "0". More preferably, the predeterm ned function for transformng

the Levaenathee évéﬁftllrﬁe@a%a tdwid, apsf oF SRE ikgMet evelite = sign (the
resul tant Level va ue) x [abs(the ’'resultant Levél value) - a predeterm ned

O f I b | ud
cont ol GO G0V AT PN HOSE R O Sty AT Seut IV h cod

correspondl tglto sald i nput event by referring to a fixed Ig}&gth code
tabl e i fleggtdh cag@ ceveptPandlisg 4o §3 Fef‘?%ﬁﬁ?%rﬁ%@dﬂimﬁﬂfi ent do not

accord with any reference events. The first node code may be "11".
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; 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,

Preferably, the control code is “000011”, and the
third mode code is “10”. More preferably, the
predetermined function for transforming the Run value is
defined as the transformed Run Value = the resultant Run
Value — (a predetermined Offset value + 1).

The method may include the further step of
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



Brief Description of the Drawings Figure 1 is a flowhart iIIustrfﬁaté %%Rtkzﬁ]l
procedure of a variable I ength coding nmethod according to a first

enbodi ment of the present invention. Figure 2 is a block diagram
illustrating the configuration of an inage codi ng apparatus according the
sanme enbodi ment. Figures 3 are explanatory diagrans illustrating exanples
of a code transforned by the variable length coding nethod according to
the sane enbodi ment. 3 APR 2001, 22 Figure 4 is a block diagram
illustrating the configuration of 2® i mage decodi ng apparatus according to
t he sanme enbodinent. Figure 5 is a. flowhart illustrating the procedure of
a variable length decodi ng nethod according to the sanme enbodi nent.

Fi gur e 6wiish aatiy ovefleaeh cdel bushtat | Tdnet hisr sprimeoethiceds maayviaei abl e | ength
codi ng met hod according to a second enbodi nent of the present invention.
Figure 7«{s$»a flowhart illustrating the procedure of a variable Iength
decodi ng nethod according to the same enbodi nent. Flgures 8 are flowcharts

illustrating h roc ﬁ(gl[%r arl név 1{?@%9 f)é)lqll)’l il agﬂaccordl ng to a.

third enbodi | gure owchart

illustratin the rocedure of, a .
1magge cod?ng 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 includes 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 first transformed input event, by
transforming the Level value of said input event using a
predetermined function; and 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.



vari abl e I ength decodi ng nmethod according to the same enbodinent. Figure

10 is a flowchart illustrating the procedure of a variable |ength gogpp@ggg[}!}
nmet hod according to a fourth enbodi ment of the present invention.
2U 23 Figure 11 is a flowhart illustrating the procedure of a varlable

| engt h decodi ng net hod according to the sane enbodinent. Figures 12 is a
fl owmchart show ng the procedure of a variable |ength coding nethod
according to a fifth enbodinment of the present invention. Figures 13 are
diagrans illustrating relations be@deen quantization scales and divisors
used for transformation process in the variable I ength coding nethod
according to the sane enbodinent. Figure 14 is a flowhart illustrating the
procedur e of Peefeardlslyl, et H engirit raé cookl ag sned @060 (e thr dinagthe t he sane
enbodi nent. Figure 15 is a flowhart illustrating the procedure of a

vari abl egd epghhnfdlt N detigody-according to a sixth enbodi nent of the
present invention. Figure 16 is a block diagramillustrating the inner

cont Sur ot ony YRRt OB PO GRIRL PELHSRS, Lo o coding
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].
There may be included the further step of 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 if said input event and said
first transformed input event do not accord with any

reference events. The first mode code may be “117.

Brief Description of the Drawings
Figure 1 is a flowchart illustrating the procedure of a
variable length coding method according to a first

embodiment of the present invention.

Figure 2 1is 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.



24 Figure 17 is a block diagramillustrating the inner configuf & ippR 2004
vari abl e | ength decoder included in the i nage decodi ng apparatus accordi ng
to the sanme enbodinent. Figure flowhart illustrating the procedure prior
art variable length coding nethod. Figures 19 through 22 are diagrans
show ng exanples variable |ength code table used for variable I ength
coding. Figures 23 are diagrans for explaining fixed |length coding
process. Best Mdes for Carrying Qut the Invention Enbodinent 1. An inmage
codi ng nethod according to a first df&bodi ment the present invention is
intended to increase chances wusing a variable |ength code table by
performng transformati on process to events which are objects to be coded,
t hereby i npr dvigwgreodéngisf f aci dlogk Higgram i sllastrewohgrt tkhowi ng t he
procedure variable I ength coding nethod according to the first enbodi nent

of the RIESAGLANYEAl b Thn Mﬁbger deEbalahg dpparau ededidaaa b
illustrating the configuration of i mage codi ng apparatus performng the

vari abl e[hleeg AR emdo&%rﬂ 0Gess accordl ng to the first enbodi nent, and

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

Figures 8 are flowcharts illustrating the procedure of
a variable length coding method according to a third
embodiment of the present invention.

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.



3 APR 2004 25 figures 3 are diagranms showi ng exanples of the rebd tARRF 2004
the variable length coding. Initially, a description is given of the inage
coding apparatus according to the first enmbodi nent, using figure shown in
the figure, the inage codi ng apparatus according to the first enbodi nent
conprises: a first adder 202, a coder 203, a second adder 210, a variable
| ength coder (VLC) 211, a franme nenory (FM 213, a notion extractor (ME)
214, and a notion conpensator (MC) 215, and it receives froman input
ternminal 201 digital image data whéh is an object of coding process and
outputs from an output term nal 206 the coded data which is the output of
the i nmage codi ng apparatus. The coder 203 contains a discrete cosine
transf or nat i ofigmire [ DAE a2l vaod aat idlrantizemg Qhe2@5pocantiitheoidecoder 207
al so contains an inverse quantizer (1Q 208 and an inverse discrete cosine

transf or e 4 o iKY qeh'g@ﬁTHe%Qﬁiirl‘Erlﬁieﬂﬁfd&ra@c@ﬁ&ﬁﬁ%plici hd sadheen of the
operation the inmage codi ng apparatus thus constructed. First of all, an

i mge to ich is digital inage data, 1is input to the input
term nale%&&%ﬁ%’q%ge to be coded is divided into a plurality of
adj acent small_ regions. the first_enbodjnment, an inmge cdoded i s divided

into a plural F18UBEs ab? aicest gy shegtps Bere ngh dhodrpgedure of a

variable length coding method according to a f{ifth
embodimen‘t of the present invention.

Figures 13 are diagrams illustrating relations
between quantization scales and divisors wused 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.



process is performed for each of the divided 3 APR 2004 26 bl ocks.y 3ARPR 70(
obj ect plock, which is a block as an object to be coded, is input to Pﬁe
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 mage, which will be described Later, and the notion
extractor 214 receives the stored ipgpge through a line 224 and perforns
notion extraction process to the obfet block coded using the imge as a
reference rimges 110 ahd ai nb Aokt daa gwent or 1 1 batiad ing itore &rneact i on
process, notion displacenment information which gives a prediction signal

of M NiEwhRiefdPittOnalt abjestibbbek lemdieh coeeddies dbtalweddbynbl ock
mat ching or other method, and the notion displacenment information is

treat ednas ;g dPd | @BcVRETRY -agperaehison cxd r@lhgr t214hout gmes the nmotion
vector to the notion conpensator 215. The notion vector is also output
through aoldigee@8 the variable length coder 211 where it is transforned
into a variable [ength code and added to a result of coding as a part of

si de inforfipl,en. 131q dof i PRoGOARERSANAdbadling uses phecedage stored in
the frame nenory 3 as a reference image, generates a predicted bl ock

from this ref.erence imge anth & Nee AR o ¥BEG OhedMbOUt puts it to the
first ggdgriﬁﬁfﬁﬁhggugh al iy ¢
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 coding method 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



line 226 as well as to the second adder 210 through a line 1 3 ApPRj 2064 274
227. The first adder 202 derives a difference between the input object

bl ock and the input predicted block generate a difference bl ock, and
outputs 203 through a line 217. the coder The difference block is
conpressi on-coded at the coder 203. In the first enbodi nent, the
difference block is input to the dpscrete cosine transformation unit 204
and transfornmed into coefficients in a frequency domain; the coefficients

in the Eﬁ?@mw dormidi & LatnBpshovhhoughkangléneo21Bhéoré belquamt i zer 205
whi ch perfornms quantization process using a prescribed quantization scale.

Wien thenti ralriagsies 202 qd0escow@ingerive a difference, that intra-inmage
coding is perfornmed, the object block is input to the coder 203 where it

i's processed{yihe1$ang JEORLE ptiiBnikCchilBe dicf f RE enkegbl OSKihg
processed. Quantized transformcoefficients and the quantization scale

used fo FHANLICZR O PrAS 83T 208 5 tOUEBWA Ot | Nes ONgNtd g8 205
throughégﬁﬁﬁﬁg 219 to the @variable Igngth codér 203 mherg cd%ins process

i's perforngd %Pf}gﬁﬂh% eéyétfszgu%d,i “tﬂaésiﬁ'étg@tcé@ﬂﬁ?hﬁb Wiy y g he side

information in ng the notion vector and the quanfization scale to an

cutput Let ok PR b AR AT AL Caed ) o BrLS gt e sare

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 thé 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



performed. In the first enbodi nent, inverse quantization 1 3 APR 2 W4 28

is performed using the above quantization scale in the inverse qudnapPRrelilh
208 and the result is input through a line 221 to the inverse discrete
cosine transformation wunit 209 where spatial domain data is derived by an
i nverse discrete cosine transformation process. The difference bl ock
obt ai ned by expansion in the decode& 207 is output through a line 221 to

t he second adder 210 where a predic?ed bl ock transmtted through a line
227 i s addedkgenerate a reconstructed block. This reconstructed block is
out put through a line 222 to the franme nenory 213 and stored therein used

as a referengg bﬁ?g%ti B 1t subseanens £asl dgkpeeceasobtactthad mage coding
apparatus of the first enbodinment, the variable Iength coder 211 receives,

as i NpukggedUand izgsh ¢ regsiivs e coet i ghent soandhsodgr af eamat ixane whi ch
i ncludes quanti zation scale, notion vector, and others, and transforns

themintq yanhahke:hengt hsedes eRErbiored bengthreadas = el nafder a

description is given the operation for the process to quantized transform

coef fi cianlendy, BReVaLlARl tbfBILN 200N 2dds Wi Prdwfasence to the flow

gure 1. As described in the explanation for the prior art, transform

coef fi cL.ant g, A £, 0PLR! I5d Jd! FHLEM@I18W8e described _ater, 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 erxror to an
object block to be coded is obtained by block matching
or other method, and the motion displacement information
is treated as a Iﬁotion 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 ;c:he 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



di rensi onal array which is conposed of zero coefficients and noT-gééﬁk 2004
coefficients; for this two-dinensional array I 1 3 APR 2004 29
Rearrangenent is perfornmed in a prescribed order (in zigzags obtain a
one-di nensi onal array, and events are made each consisting of a nunber of
proceedi ng zero coefficients (Run) and a value of non- zero coefficient
(Level). Further, Last is added whigh is the information indicating

whet her a transform coefficient represented by Level is the |ast

coef fi cizent _ i npRe b DEXt A BOE .2 AN RMENEe § hud iffaTgmsh cwhbsbweenst ses of
(Last, Run, Level) is treated as an input event which is an object to be

processed; Ayt t Bgjwartd abl 6ckenaldh wanderngdt. preldovtag bhedinitdation of the
process in step 101, a j-th input event 1is obtained in step 102. In step

103, compad 59pPcl § REEiRERMLe helyeRD éﬂ@_bﬂ@ﬁht@s"%’ﬁ @t e I&f @ gnce event
present in a variable |length code table in the variable | ength coder 211.

As for bhes vaylghhs a!?ﬂﬂ%@ 6qge table, the tables of figures 19 to 22 used
in the prior art “are used, and conparison is performed with each reference

event  inclidedy) Bebhe 4D AN 16088 Gl (LB8ka RN b RURddy |1 Step

104, it is deci de er a erence event having a matching (Last, Run,
et Ph U TP IR Mcess Rt gice MERpLd s
e O TESA TS SIS, 4 BRG LEU S580 200041 L] BB 164 40 5 oI
Corresp%ggdg%éghg eiﬁ%%?a%% f%gggtgsig%g%&eq&ghhgw@%main; the
' coefficients in the frequency domain are input through
aliné2181x>thequantizer205whichperformsquantization
process using a prescribed quantization scale. When the
first adder 202 doés 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
guantization scale used for the gquantization process are
output from the guantizer 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
guantization scale to an output terminal 206. The
guantized transform coefficients are, at the same time,

output to the decoder 207 where expansion process 1is

performed. In the first embodiment, inverse quantization



by step 111. the other hand, if step 106 is perfornmed, transfornt3ohPR 2004
process using a prescribed function is perfornmed to the Level inc

the i

nput event generate transformed input event. step 107 which

conparison is performed between a transformed input event and a

event

as in the case of step 103. In step 108 which follows, it

whet her a matching reference event, is found or not, and when a

event

is found, step 110 is perforﬁ@ﬁ, and when it is_not found,

is peﬁkp&ﬁggfoﬁmddﬂmsﬂngrmhesabpvﬁunwénbéﬁﬁéﬂmﬂLS%aiésmq Hec

output which is the variable I ength code corresponding to the

| uded in
foll ows,
ref erence
i s decided
ref erence
step 109
oding is

r ef erence

event ;b oW ENgaasedesk CI8 ratdcode urisqddl yis seRPRh A8FANE 18 added
followed by step 111. On the other hand, if step 109 is perfornmed
codi Ng ; JU 085S +&S IO ¥ éir 6 Egdiex 128t ¢ scpeiher otk R SIPABATIRA event to
generate a fixed length code. Then, a result coding is output whi
fixed Jangbhcade f0sphitsA1 aohhtst deeat i sldantteedilsy iatgénsteati@ from the
second control code is added. If either step 110 or step 109 is

in a

S a last input event or not, and if the event APR 2004
difference block obtained by expansion in the decodexr 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.

Intheimagecodingapparatusofthefirstembodiment,
the variable length coder 211 receives, as inputs,
gquantized transform coefficients and side information
which includes guantization scale, motion vector, and
others, and transforms them into variable length codes
or fixed length codes. Hereinaftera description is given
of the operation for the process to quantized transform
coefficients by the variable length coder 211, with
reference to the flow of figurell.

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

andnon—zerocoefficients;forthistwo—dimensionalarray,

, the
ch is the

per f or med,

%tfegiisléﬂ-e‘é’@i Hd1ld omBankk ormgeLodedroketsher dhhenput event
processed i



31 is the last one, the coding process is conpleted in step 1121 bnAft’Rlemm*
ot her hand, when the event is not the last one, j is increnented by 1 in
step 113, and the operation returns to step 102, whereby a next i nput
event is processed in the same manner.. Thus, the process is continued to
the | ast non-zero coefficient. the first enbodi ment, a process of deduction
of an O fset value having a prescribed value is used as a prescribed
function for obtaining a transfornmed input event fromthe input event.
More specifically, a transforned i nput event is derived by deduci ng an
Ofset fromthe value of Level of the input event. It is preferable to
deduct an O fset fromthe absolute |l ue of Level and then append a sign
code of Level (positive or negati vieéii The offset may be a single val ue,
or it may_ have a variable value corresponding to val ues of _Last and Run.
In the fiREBTEARERINGENt IS (HFrORERALE oBt RIGREAINGD RrdeRe (iNamigzags)t itgur es 19
to 22 in such a way that the nmaxi mum Level value for each set of (Last,
Run) i s uskethiasaamdtisensioahluarrayprarek avphts ack freatle 2ath tonsi{dtanp, Run)
_ (0,0, Ofset =6 for (Last, Run) = (0,1), and Ofset = 4 for (Last,

Run) _ (Cpf2d -nihtbetabf pobéed ARGt fero0sSe fighiitsSRAM) afdfd UGS ofnbh-

suitable for transform coefficients having relatively high conpression

ratio, ang many,Gficldift L(i\é%ﬁ 13 F%ﬁ%h%ao 4.3¢ 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 cher 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 1s not found, step 106 is performed. At

this poi_nt, if step 105 1s performed, a variable length code



included in the events within the table have small val ues. ThereﬁoreAPhOEN
an input event whose matching event is not present in the table, tHe
deduction process is perfornmed the Level value thereof to obtain a
transforned i nput event having a small Level value, thereby increasing the
rate of performng variable leng-h coding as well as the rate of using
short codes allocated small Level yplues in the table. the events having
Further, as a first control code, "3000011" is used which is identical to
t he ESC.eade sivdihg £bothe 28fusedce rviene [ird ontandt, asokleweshd contro
code, the ESC code repeated twice is used. Figures 3 are di agrans
iIIustrggiquﬁfappies of the result of the coding. Here the coding process
according the first enbodinment is conpared with the prior art coding

process, usigg {igUpehed WM ¥ @erg degedist patr fowrmwent having (Last,
Run, Level) _ (0, 0, 13) is an object to be coded. The variable length

code taple, £ 0ok QURS 49 £9132 dogrdwtrDp¥e tthifctsedn (@ 0, 13)
Thereforé, 1f the prior art coding process shown in figures 23 is perforned

descr i gégr%%‘?%rf‘edt@ ghéeiéxﬁ‘éwtbnémhegi PrOCEss Shpwt idvdhgures 23 is
as escri pe

perfor above, and ESC code is added to this output. Figure

3(a) shows the resull gt dNis Progess. «duhte 6 bidss803 and &wita 304 both

represeﬁFlngQievéfs are &%BI 6%4
follows, comparison is performed between a transformed
input event and a reference event as in the case of step
103. In 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 éerformed. 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 uniguely
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



33 out put subsequent to 7 bits 301 as ESC code and 1 bit 302 repraﬁgge[};!]:jn%m]li
Last. Therefore, Levels are represented by 303 show ng zero-run a 3
fixed Il ength code 304. Thus, 22 bits are required in total. On the other
hand, in the result of the process according to the first enbodi nent, when
the reference event concerned is not present in the variable | ength code
table in steps 103 through 104 of the flow of figure 1, fixed length
coding is not perfornmed innediatelylhnlike the case of the prior art, and
t ransf of pathenl psacess anche comgpangspnoaee spersf aramell agadniassskewn in
steps 106 through 108. In the transformation process, transformation is
perfornedaby dadiete rg ¥ f sSkands lderf ridme téreebhévels vadtuet18 Lasabtain a
Level value thereby obtaining a transforned i nput event, (0,0,1) shown in
figure shageithe exvepbmedthd)by 9 Anowitded 1ilrB ,t ma arieipetebgbh code
table, step 110 following step 108 is perfornmed. Therefore, as shown in

figure Beffi}ns the st€puUhb20Qf wWiherepdi agniextdeihyad eargut sisg a second
control code 806 and a variable |length code 807 corresponding to (0,0,1).

Theref QS focbBskld Sirfagke SAnkd Sa@h€r! €GULRLEJ tHe tpkakeswhiich means that
t he anmount of code is reduced in conmparison with the prior art case

reqm'ﬂéﬁhggnggﬁitéj%%é|9W§¥ AbUEerd, cehelr acieherence event concerned
is not present in the variable |ength code table
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
Ruﬁ. In the first embodiment, this can be obtained 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 having

relatively high compression ratio, and many of the Levels



APR 20B 34 in the conparison process using the transforned i npuy 3egpptqu
the process in step 109 is identical to that in the prior art. Therefore,
in the first enbodi ment, worst case, the coding identical to the prior art
one can be performed. Wen the length of code to which t e second control
code is added is longer than that of the code which the first control code
i s added, |ess nunber of bits can gﬁigbtained by coding with a fixed

| ength code. first control code an reinafter a description is given of a
decodi nginpleckss inothkeeveded dathiobthe ieab by hiee iﬁﬁx@ﬁl Gl wgS - process
according to the first enbodinent. Figure 4 is a block diagramillustrating
the confhegueddom dommn mage deswd hehappamsetush Begoe deéng i henkr st

enbodi ment. As shown in figure 4, the i mge decodi ng apparatus according to
the firspreskedi tenthecanprlissesha datwcthahypepcebAs) 140perdivamddr 406, a
vari abl e |l ength decoder (VLD) 408, a decoder 403, a frame nenory (FM 4009,
and a notébopheonpeasatal ueMEhetlds £ ana obhtaiecei vesneddethathtionwhitch i s an
obj ect of decoding process froman input term nal 401 and outputs decoded

data whighehs hBeiaRpar amad 10ueprsl afa X e, | tiegeedecodicngasaipparaheas «from an
output term nal 407. Further, the decoder 403 contains an inverse

?}J%gtT') ZeF 2 £ bQ £4P4r aBG midly vavel $816i 36hgtd ¢slingy AN DI ned i tieuni t
rate of using short codes allocated to the events having
small Level wvalues 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 is 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. FigureB(a)showstheresmh:ofthisprocess,andr

6 bits 303 and 8 bits 304 both representing Levels are



1 3 AIR2 00 35 405. for the inmage decoding apparatus the first {egbppip mEns
whi ch is constructed above, a description is given of the operation for
perform ng the decodi ng process to coded data which has been conpression
-coded by the imge codi ng apparatus shown in figure 2. Coded data as an
object to be processed is input the input termnal 401 , and then analyzed
by the data analyzer 402 to derive$? vari able |l ength code according to
guanti zed transform coefficients, and the codes of the side information

i ncl udi rptuants Zas egnesdalie® andinet B3O wecESC. cArengnichdmbitthg 02
guantization scale and the variable |Iength code of the quantized transform
coef fi ciraipirse s¢ et L ngnbaktt.ed The Hdeo vay i lab¥ el b enge hregeesdert 40% i hr ough a
line 412, and the notion vector the notion conpensator 410 through a line

418 t he 303 babha deneids -dagodard 468, rikedvaehakbhecbaegthscodenefs, the
guanti zed transformcoefficients is decoded into transformcoefficients by

referring tiddheavarirabhe rd@nghhteeda table, and then the coefficients are
rearranged to obtain conpressed difference blocks and the blocks are

output to thegiecoder o483 r ndecodermdOFesiiie seMphrsSeeodikker ence
bl ock is expanded to generate a difference block. In the

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). B&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
(6,0,1). Therefore, in this case, 17 bits are required
in total, which means that the amount of code ié 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



decoder 403 of the first enbodi nent, inverse quantization ,NPR 20?43i nggg
performed using a quantization scale in the inverse quantizer 404, the
i nverse discrete cosine transformation unit 405 perforns transfornmation to
the result so that a frequency-domain signal is transforned a spati al
domain signal. This signal is output as a difference bl ock an adder 406.
the other hand, in the notion conpefisator 410 receiving the notion vector
as an input, an address is generated based on the mption vector, for use
to accessn &hr SRNRARDS NADTOCHRE W E kT Fedpectt 1Nt hE TIfcyet SPBEed in the
frame menory 409, a predicted block is generated.  The predicted, bl ock
gener at esvéstoutyhet poochesadders /D L Oheis ddHREHR2Pr G Id3% pBrf or ned
between it and the difference block obtained by expansion to generate a
r econst rticé egrhloaclar The Thegefoles rigconter Géeed ignbodipen tr olt t he
output term nal 407 as the output of the inmage decodi ng apparatus, as well
409 to heosseredsthethiencofiiage idemiricFl gue 1t iBr ko f| dWENRRE SABW ng t he
procedure of the variable |ength decoding nmethod by the variable I ength
decoder Wd$eHes enoaf.t enhandeberiphpoh o godentofwhheh Wpersgd¢ondof the
coefficient variable | ength decoder 408 in the decoding process, wth
ref erences i orbhecbewief addegliries S onger 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 quantizer (IQ) 404 and

an inverse discrete cosine transformation unit (IDCT)



Initially, following the initiation of the process 1 3 APR 2K 37 {3 stm=p 200
501, a variable length code obtained based on quantized transform
coefficients, which is a j-th object to be processed, is input as an input
vari abl e Iength code . In step 503, it is decided whether the input
variable |ength code includes a control code or not, and if it does not

i nclude a control code, step 504 i% performed; if it includes the code,
step 505 is perfornmed. In the case““where step 504 is perforned, that is,
in the e where no control code is included, a set of (Last, Run, Level)

correspondi ng to the i nput variable I ength code is output by referring to

the variabl e g de tabl e, foll& wed by step 510 which w |l be
described | at F Pe Wi et REAFd CTTPIHBIC 202 aFRT &S s O BB £LTSferf or ned,

that included, the where a control code is deci ded whether the contro
code | §THPY JcIBﬁHtcHﬁ’terce}F todeCBrF LAGCtEd 3ROV S t AedS§SCTIP EBRTY IS code,
step 506 is perforned and if it is not that code, step 507 is perforned.
the cadé%Rfbrd SPEPBBE At Wk EOTH BET fioHaing the) dewodhBg RFREESBhe cont rol
code is a second control code, a set of (Last, Run, Level) corresponding
to thetPripRESFA% bBI"E1 ERGiS E6®N compression-coded by the image

coding apparatus shown in figure 2.

Coded data as an object to be processed is input to
the input terminal401 , and then analyzed by the data
analyzer 402 to derive a variable length code according
to gquantized transform ccefficients, and the codes of the
side information including quantization.scale and motion
vector. Among them, the quantization scale and the
variable length code of the quantized transform
coefficients are transmitted to the variable length
decoder'4p§_through a line 412, and the motion vector.to
the motion compensator 410 through a line 418. Iplthe
variable length decoder 408, the variable length code of
the guantized transform coefficients is decoded into
transform coefficients by referring to the wvariable

.length code table, and then the coefficients are
rearranged to obtain compressed difference blocks and the
blocks are output to the decoder 4903 .

In the decoder 403, the compressed difference block

is expanded to generate a difference block. In the

decoder 403 of the first embodiment, inverse guantization



obtai ned by using the variable I ength code table, and the Level, éaI§? 2004
thereof is transformed with a predeterm ned function and the res Iﬁ ‘s
output, followed by step 510 which will be described later. In the first
enbodi ment, 1 3 APR 2004 38 a process of adding a predeterm ned of fset
perfornmed, the value of This Ofset varies according to a set (Last, Run)
descri bed above. Here taken into account the code shown in figure 3 (b) .

If it is decided in step 505 that 3& is a second control code, step 506 is
perfornmed. Therefore, a set of (Last, Run, Level) corresponding a part of
the codels"REFEOTRA U NGhGWEWAN BDB 2L o gifele3imh)the AR VEF BBt ai ned
by referring to the variable | ength code table, and Ofset = 12 is added to
this Lev@pangégeserdld: t BBdoriRg nhhvesse disererAncas\®®)  (0,0,13). On
the other hand, if step 507 is executed, it is also decided whether the
control toresferaaftiier woatr A0Tderr fermsottransfermatirenfEpsttiont rol
code, step 508 is perforned, but if it not the first control code, it is
under st gk e hit sehthednta dir epdencyhdomaian figreland wevvnfioedad ol codes
has been added. Therefore, in step 509, the decoding process is stopped or
an errotorocgsathgl siwebs bégnadg t Rhiserigmal tilsatoutputeasdiang

process ,
difference block to an adder 406.

On the other hand, in the motion compensator 410
receiving the motion vector as an input, an address 1is
generated based on the motion vector, for use to access
a frame memory 4098, and with respect to the image stored
in the frame memory 409, a predicted block is generated.
The predicted block generated is.output Z0 the addexr 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



is stopped. On the other hand, in the case where step 508 is perial AR 200
that is, in the case where it is a first control code, it is decoded as a
fixed length code regenerate coefficients. If any of the steps 504, 506,
and 508 is perfornmed, 1 3 API? 2004 39 in step 510 which foll ows, decided
whet her the processed input variable length code is the |last one or not,
and if it is the |last one, the codigag process is conpleted in step 511. On
the other hand, if it is not the last one, the operation is returned to
step 502nafsttep $01s iEncragrierio e bpnythwireddyochtmened npasedadrabl e | ength
code is processed in the sane manner. Thus, the process is continued to

t he | asgueartissd @ 1 emys iocodecehs idestrt bedwhbobhel saschrthngbtiectthe fir st
coding nethod of the first enbodi nent, as shown in figure 1, if the

ref er ente lew entoomssedneds iisipot aisnghudepuinvd heabuar Labbehl engeh code
table in the conparison process in steps 103 through 104, the

transf oI makitep EO®EEsstt d st e cidpdt whednie f st per fiorpred varsabpel06, and in
steps 107 through 108, conparison process is performed with the resultant

t ransf or 8@ thnpotieey artl.udeezetontr dlne ddd @ perdtor \ny iffi Xeddbergt h codi ng
in step 109 can reduced, and the possibility that short codes are all ocated

in varigbteihengde eodidit 481 ideaeasetdebysos 1 gderdrasgh osmedti nput
event, resulting in inproved
includes the code, step 505 is perfo;med. 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)
corresponding 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 is
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. In the first embodiment,



conpression ratio of the result of coding as a whole. Further, si n;e@ﬂezw
i mage codi ng apparatus of the first . enbodi nent conprises the var1i bl !
| ength coder 211 perform ng the above-described coding nethod, a result
coding with a high conpression ratio can be obtained 1 3 APR 2004 40 by
using a single variable I ength code table whether the conpression ratio of
the conpression coding in the coder,_ 203 is high or Iow Furthernore, the

i mge decodi ng nmethod and i mage dédBodi ng apparatus according to the first

enbodi meNtp 12 € 36! &1 @@aiagﬂaﬁpéae&ie%tﬁrd@@@fﬁge@r 96es8 raeaefst g the
result of coding obtained i'n the above-described nmanner obtain

reconst rued edah fRIG s Al NOUGR fiste ¢ %ﬂ%&gigeeo,tﬂaaitn%i@ot € 5gqdifig process

depicted in the first enbodi ment, discrete cosine ransformation is

per formed, ¢ cgggr)e%scj qﬂ?gggggg aMauef orm codi ng such as wavel et codi ng
0

may be applieéd "I nstead It and enabl es perform ng the sanme coding

D ey AVES, PP oLOE G000 o ecase ety Bedeus e i
tranSfoE%%iéghénéﬁfgé iﬁrfEG%rE”%%%). If it is decided in step
505 that it is 2 second controll 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,



event, a Run value of the input event may be transforned instead. 3l PRhﬂm4
case, the maxi mnum Run val ue corresponding to the set of (Last, Levelg of
each reference event in the variable length code table of figures 19 22 is
used as an O fset value, and (O fset deducted fromthe Run value of an

i nput event to obtain a transfornmed input event. The transformati on process
may al so perforned by other nethod guch as multiplying a Level value 1 3
APR 2004 41, or a Run value, performng a process using a quadratic
functionp crtepabydnghd cdynfwl towangelt |isidealidsed pdsstibbe thdransforma
Level or a Run in a variable length code table with a prescribed function
and theprperdosand tappressirdraipl OCesagthncpldacd oftiperf 9581 Bgea gy escri bed
function to a Level or a Run of an input event. As described above, when a

Run val geti,s dr@nsfoifed s ithe€oUhBE PNRCEShé nebaat Pfprodeyel jwal ue,
(Offset + 1) is added to the Run value subjected to variable |length

decodi ngotnp 1geed af € 8Bepr sainal dunt val sehe kNhthics, coseit {Benehf set val ue
i s the maxi mum Run val ue correspondi ng a set of (Last, Level), as expl ai ned

above. tAkt hadghohB,t Rgef bpatr AL NP B H888T £ B PBpI S091 YeRef the
procedures of the coding and decoding processes with reference to the

1 owchay tiss o diditiPBed b1d Tneltid Padh g angb decad ngn PLoteRges are not

limted these procedures,” and the procedures enabling the sane
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



processes can also inprove coding efficiency and inplenment a suH;s

decodi ng process to the result the coding. Enbodinent 2. In an
nmet hod according to a second enbodiment of the present invention,

codi ng

transformation
APR 2004 42 as in the first enbodi nent,
by using node code.

b
obFR 2004

process is performed to an event as an object to be coded,
and the nunber of bits can reduced
Figure 6 is a flowhart showi ng the procedure vari abl e

| engt h codi ng net hod accordin the s#tond enbodi nent. The inmage codi ng

appar at g Qfs itthe SeGesh e efbpdhpest 1 8hg@nhasdehe Sare woathgur 8hieon as t hat
of the first embodinment, and thus figure 2 will be used for the _
descri ptioaipreld1ei bABEEt §0dbRIt REOE B/ raGEAdH Rbd Pnghen sSesendoqerbodi ment

differs fromthat of the first enbodi ment only

I?Obqu;hnggggerQ%w§homn in figure 2, and thus a description is
the operation by the variable length coder 211 in the coding

vari ab

given o

in the process by the

process bel%%wm%%fe%r eNGe iﬁafgieg'dfe%cﬁiiﬁeﬂét@% tIHQUYha6Q8 are

per f or
enbodi
bet wee

med in e same nmanner as Steps 101

rough 108 in the first

MERL o ANY Idbp S £Pud08c 886 HIPR J EnRRES RIS @ehrWY AnEREPAELSON

n
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 ccsine

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 wvalue
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
froem the Run value of an input event to obtain a transformed
input event. The transformation pfocess may also be

performed by other method such asmultiplying a Level value



a transfornmed i nput event and a reference event variable | ength cgdgpﬁthg.
If it is decided that there is a matching reference event, steg 10 Ts

performed; if such event is not found, step 609 is perforned. If step 610
is perforned, a result of coding is output which is a variable | ength code
corresponding to the reference event to which a control code set uniquely
in advance and a second node code g@re added, foll owed by step APR 2004 43
611. Here, "0000011", which is identical to the ESC code shown in figure
22, is Q%ed &Hum vohteel peodermhdgi @ psedddhe sedcomd arogeadpdeidn the
other hand, if step 609 is performed, the coding process shown in figures
23 i s pérhortieh t ooanchapgti ey emt dgepeviat e andé xedItengt micnse. Then, a
result of coding is output which is the fixed I ength code to which a

cont r ol possddlandoat fanstf ormde Ledelase aBtedin'dvdsiased Bengthfirst node
code. If either step 610 or step 609 is perforned, in a subsequent step
611, itcodedealdes mhehhar par dsapilbe @veEnhctiaressad them pastokbpput event
or not, and if the event is the |last one, the coding process is conpleted

in stepofip2es@idheddesshand,plickhereyeptormin® 4 bedddabp,enpe, the
operation returns to step 602 after j is increnented y 1 in step 613,

wher ebyf@n8etbn Rpta eNgfbli S PrPCREsEHr SnMilBddy. eTRYS . the process is
continued to the | ast
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 dececding
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

thercoding.

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,



non-zero coefficient. In the second enbodi nent, transformation is performned
using an Offset corresponding to a Level of an input event generatd &PR 2004
transforned input event. As in the first enbodinent, the Ofset may take a
fixed value or a variable value corresponding to a set of a Last and a
Run. In this enbodinent, used as an offset is the maxi nrum Level val ue
corresponding to each set of (Last,gRun) obtainable from1l 3 APR 20011 44
the variable length code table shown in figures 19 through in such a way
that O ésetin= tipe f B rftasmbRipent(0,20)d , tIck f Bumbe 15 dforb{tascarRun) =
(0,1), and Ofset = 4 for (Last, Run) _ (0,2). Hereinafter a description

i s gi veheofreglwexddbpguspngrassdeoclde .coded data obtained in the i mage
coding process illustrated in the second enbodi nent. The configuration of
the i mage deioging dppar at USl eecheditnghdwitdet hec @b cahode et a s
identical to that of the first enbodinent, and thus figure 4 will be used
for thevdesabilpet ildngthi gure ng i Be ahblkdownted td Showitrg tiHe peoeadur e

vari abl e I ength decodi ng nmethod according to the second enbodinent. The

i mge deaBEEAGeRIOCeSThacTREGeNEddihfeappacenthenbediments«tidhars from
that of the first enbodinment only in the process of the variable | ength
decoderefif8ds hRWt ial fd G the dRGhd R tNGupReriall @8 BMat 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 codexr 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 1is 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



the variable | ength decoder 408 in the decoding process is described bel ow
with reference to figure 7. Steps 701 though 704 are perforned ﬂn3tmqumn¢
manner as steps 501 through 504 according to the first enbodi nent (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 o bit subsequent to the control code is
1 3 APR 2004 45 Then, if the bit is "0", step 706 is perfornmed, and if the
bit is '611. stigre08 0G0petisy nwhicht &p Fdenkdcgdr tor b, E&Csepdef (Last,
Run, Level) corresponding to an input variable length code is obtained

usi ng ashawirabl®e fegytle ddbe iabheedand tar arsdor ot codie pramwass s
performed using a prescribed function corresponding to the Level value, and
then the¢sresdd #»§ the decadidignodeoubpt.. I n the transformati on process

t he second enbodi nent, a prescribed Ofset is added an obtained Level

val ue. The @i 2éle yahee hakds nf \sardé@blo® valper formesipondengodbng set of
(Last, Run), as described above. On the other hand, if step 708 is

perf or npdocand Bpdivn Yar Fabhe dsengt hs gosler bemeecodesn asnputiseentengt h code
to regenerate coefficients. If any of steps 704, 706, and 708 is

per forned,géNeatebserient séePrilfodel |IBhdagi detkesubetbercadi hgput
vari abl e I ength code processed is the
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 is 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 incremented
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. 2&s 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



| ast input variable | ength code or not, and if the code is thejl?%ﬁfr@’t
the coding process is conpleted in step 711. On the other hand; ¥f™i 'g
not the last one, the operation is returned to step 702 after j is
increnented by 1 in step 712, whereby a next input variable Iength code
is processed in the same manner. Thus, the process is continued to the

| ast variable I ength code. As desc&'bed above, in the imge codi ng net hod
13 APR 2004 46 according to the second enbodinent, if a matching reference
event isheotapralkéatlé¢ngbhvweedaldiabl emgjtéwpode fitabtes il tthe @oppar i son
process in steps 603 through 604, transformation process is perforned to
an i npuZ eventsuiah aswey 606L @hfilseh stEPSE@O7 UdwoududDs (@onpry i son
process is perforned using :a transformed input event obtained, as shown
in figoEefHett heweffare, (Rasaf eRoh)per f O ping Binxedffeagt b dodidy in step
609 is reduced, and a possibility that short codes are allocated in

vari abl{g.d =gt Ruagdi=ng( 0, B) i ncreased due to use of a transformed input
event, resulting in inproved total conpression ratio of a result of

codi ng. Moreeveinzitee & guechiipuimge Codgiverlisetl ai AeHRNHH9 or step
610 to make a distinction between fixed |ength coding and a Level

subj ecg&@d@sﬂfseth@rm datBebbltd snéyaihakhe thaiga Eekalngunber of
bits of the result of coding can be reduced in conparison with the case
of thepkideds enbodiaeHateherenf thst sards@condocamdrd . opdes are used.
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 ?erformed.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



Further, since the inmage coding apparatus according the secondielboeph rpamy
conprises the variable | ength coder 211 perform ng the above-described
coding nmethod, a result of coding with an inproved conpression ratio can
obtained using a single variable |Iength code table whether the conpression
ratio of the conpression coding the coder 203 is high or lTow. 1 3 APR 2004
47 Furthernore, the i mge decodi ng nethod and i nage decodi ng apparat us
according to the second enbodi nent 4 enabl e perform ng appropriate decodi ng
process worrespondi Dgeng ibecheduld ief codisgedatoed porebemed,
above-descri bed manner to obtain reconstructed i mage. Al though in the

second aerdbodf meak erlty ionerrodeseeqe 138 UsEdperWd rife dT0r € node codes may be
used to distinguish plural nodes. For exanple, a node in which a value run

of zerois magg@? "y be peldedrasdad hhied dPderLasA tRQHINLERMNe second
enbodi mrent a Level of an input event is transfornmed to obtain a'transforned

i nput  eveitte sP8nHAnNEo fdd $hp@bodirTRM L e hie gt PeSSP) & c%BtEELg%%I orm a Run

t hereof. Further, al'though transformation process is performed using an

Of fset yRergy _Qtvgfi%hféoqéw%tyﬁéedéu%ﬁ;e ,wgﬁhpkxia%%_%%g&onsubi ecting

to a quadrdtic function, and changing a dynam c range iment 3. In an

| mage £adidgs JBf Doge2¢eablid'%d fng LNigubs SPPAELMRIL Y dhe Present

invention, trans mat i on
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 ﬁariable 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 té the last variable length code.

As described above, in the image coding method



process is performed to an event which is an object to coded, qsgi@PRhHmﬁ
first and second enbodi nents, and coding efficiency can be inproved by
perform ng transformation process repetitively. Figures 8 are flowcharts
showi ng the procedure 3 APR ?004 48 variable | ength codi ng nethod accordi ng
to the third enbodi nent. A inmage coding apparatus of the third enbodi nent
has the same configuration as that 4,gf the first enmbodi nent, too, and thus
figure 2 wll be used for the description The inage codi ng process

accor di lccorthad Mo dteabedicnent enlhbfitnenftr,om £ hat maf cthigmd i r st

enbodi ment only in the process by the wvariable length coder 211 shown in
figure Zefeadehbus exedasdrd pidopissegtven afvaheadper atdmpbycbhe variabl e
| engt h coder 211 in the coding process below with reference to figures In

the flowabléipureh8(@mpst epsn8Plothrsaugh 82 sopeihedRsh éMat he sane
manner as steps 101 through 105 of the first enbodiment. In the fhird

embodi metan$ Ao the tiraN s d@é s 0Ds S OELEEmeld 3 @R 80 utd Sid§t pansformed
i nput event is obtained by transformation process using a prescri bed

funct i ok afelcne t Bad ERATEEAETBY Y O PERERSE0BS ASRDALIRA Bk same manner
as in the first enbodinment, and a first transforned I nput event Is

obt ai ned shipe dedifibln @A Y CoCLRad cldel 1hPILA it ¥BLUG ddigl uded in
an input évent. In this case, the maxi mum Level value corresponding to
iefr’]lCh sgls Sholhabh £ Fe @VAILHR e d Pe t he AT 89';?,3}%8%“'11{390%}{%35" e shown

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.



figures 19 to 22 is used as an Offset: for exanple, O fset = 121fbrAPR04
Run) =-(0, 0), Ofset =6 for (Last, run) = (0, 1), and Ofset 1 3 APR
2.904 50 second transforned i nput event and a reference event included in
the variable length code table, and in step 823, decision is nmade based on
the conparison. If it is decided that a matching reference event is found,
step 824 is performed; if it is noj,found, step 825 is performed. |f step
824 is perfornmed at this point, a result of coding is output which is a
variabl e | engtilr tdutemeoey espendingg ¢ hée retidnenare EX6AL ah@l Wh&LhHea control
code and a third node code are added, followed by step 811 shown in figure
8(a). ThedddidgmagpandeussasebriddndOfo Ohet B WAl hBBE i ddnstep 325 is
performed, the coding process shown Iin figures 23 is perforned to an input

event gemalale pekifvathirengéppeode: athiendedoliesy thAfc£odi ng is out put
which is the fixed | ength code to which a contrdl ° code and a first node

code ar ecaddetborfienly ity tweereedet it S€&bdifqg Hkriddgan IS
performed from anong step 810 and steps 824 agd 8§§'§%ommxi§%%$gure 9(b),

in a SUEBGW#HHe§&@Qbe%1%aﬂﬁefStge%H%%iﬂw¥ﬁegﬁs%%4$¥%ﬁ ?%g?é}wocessed
e las ne

is a last input event or not, and if the event is t t he

Che 1ast one Tho Greracron TectrEerbor Pt Bathr (1PEe Pockner anent ed

by 1 inistePedBlBwoENEDYe dndleX cd JOY LY U dsse@rtoocﬁssacdiﬁélgys%rl y-

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 tc 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

usedsuchasnmltiplyingalevel,subjectingtoeaquadratic

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



Thus, the process is continued to the last non-zero 1 3 APR 924§5- A
coefficient. Hereinafter a description is given of a decoding pr c%%% q%
the coded data obtained in the inage coding process shown in the third
enbodi nent. The configuration n image decodi ng apparatus-according to the
third enbodinment is identical to that of the inmage decodi ng apparatus of
the first enbodinent, and thus figure 4 will used for the description.
Figure 9 is a flowhart showi ng the procedure variable | ength decodi ng

met hod according to the third enbodinent. An inmage decodi ng process
according to the third enbodinent differs fromthat of the first

enbodi nent only in the process by the variable | ength decoder 408 shown
in figure 4, and thus a description4ds given of the operation by the

vari abl e |l ength decoder 406 in the decoding process with, reference to
figure 9. varmide déagthh codihg MSthard apeofdinged ihe tinedsambodimesrt. Asn st eps
701 through 706 of the second enbodi nent shown in figure 7. Wien decided in

step 905 iMalgea dodiggt abEﬁna.rh&ls" 161 tHeCRhIRY dmbRRNfRHTEhdd) tMy cdhfieci sion

process is perfornmedto ow whet her the subsequent one bit is step 908 is

per  or e aRlaElurhioh®ps Jhar bt Hst LoRBEAIRERT, tdd, ShERHRRD fghrlosf o e

a set of n,
will be used for the description.

The image coding process according to the third embodimeﬁt
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. 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



corresponding to an input variable length code is obtained 1 3 /1\P§ EIQFQM 52
using a variable length code table, and to a Run val ue thereof, X 2004

transformation process is perforned using a prescribed function, and then
the result of decoding is output. In the transformati on process according

third enbodi ment, a prescribed (Ofset +1) is added a resultant Run val ue.
the On the other hand, if step 909 is perforned, an input variable |length
code is decoded as a fixed length ctdle to regenerate coefficients. |If any
of steps SFANGoEragostformad 90Puts peehar mati & nrarsukseepiestesiep 910, it
is decided whether an input variable |length code is a last input variable
| engt h cé@«lordadt inj fthie varidbleadteroytesy céde cagirg m&&e§§ 'g%egjorml et ed
in step 911. On the other hand, if it is not the |last one, the operation
i's returféd,stdxcBPRoafl ter mades Hawe @neit €He by ohplat i &R, 912¢ Mheteby a
next input variable length code is perforned in Fhe same’ nanner. *Thus, the

process fscdaied nuedtt @ et dlashgvard @bt €nkength Go escrbed above,
t he i mage codi ng net hod according to the third enbog'f?reﬁ:té?m%f’ asi;gperence

Cuer; CondaraEhAsotaLiound 1 Lo LSO NEOYS DAL E )

transf ormfts o@p B DLESS pSr PEERRITEBY tRis 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 325 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 con*rol
code and a first mode code are added. The first mecde 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
B1ll, it is decided whether a= 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, VOn the
other hand, if it is not the last one, the operation is
returned to step 802 after j is incremented by 1 in step

813, whereby a next input eveat is processed similarly.

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



an input event in step 806, and conparison process is perforned1Q§i ?(M
resultant first transforned input event 'APR 2H4 in steps 807 throudﬂq% g,

‘53 a matching reference event is not found in the variable | ength code
table at this tine, the process shown in figure 8(b) is perforned in

whi ch transformation process is perfornmed to an input event in step 821,
and in steps 822 through 823, conpag son process is perforned using a
resultant second transformed input event; therefore, by perform ng step
825 , @COR&fd GFHEMorming fixed length coding is further reduced in
conparison wth the respective rates of the first and second enbodi nents,
and a possilfiT§iPafReL ShSteSEbARS 18" ¥ | BE4EBd 9 FafREBFEI%ngt h codi ng
is further increased, resulting in inproved total conpression ratio result
of codPhgceryr terthei fedechala tmgabEadingsfl abpakBfud M5tIe Heodhngd

enbodi nent conprises a variable length coder 211 performng the
above-rieecesisedhevsi hy e Had rd erdxedimeddi-ng They Cog fHg W ppE d0ad
~conpression ratio can obtained by using a single variable | ength code table
whet herf t B dogmeesdé ondiagi @pgfaatusomsrassdbngc b idie i phikd coder 203
is high or low. Furthernore, according to the inage decodi ng nethod and

i mage etdvodimgndppay atdsnbficele tdi thaénoddittent imaggprdmrd@isgdecodi ng
process can be perfornmed

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 variable 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 507 is performed in which decision process
is performed to know whether the subseéuent one bit is
“0” or “1”. Then, if it is “07”, step 208 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



corresponding to the result of coding derived in the above-described
manner, to obtain reconstructed inage. L' U 54 Enbodi nent 4. An1i&a@@R 2004
codi ng nmet hod according to a fourth enbodi nent o the present invention is
i ntended for increasing a chance using variable length code table by a
conparison process using plural variable |length code tables, thereby
improving coding efficiency. Figurg; 10 is a flowhart show ng the
procedure of a wvariable_length codin% met hod according to the fourth

enbodi WEARY An YaEtRPE8dILFG Hparatifs téP e 4B%r ER Frbdli Heédt®has t he
sanme configuration as that of the first _enbodinpent, and thus figure 2 wll
be usetheseotthe teass fPEMGTIOTAPTREGE Scddi REHEBEBSH 42ebPEIi Ay to the
fourth enmbodi nent differs fromthat of the first enbodiment only in the
pr ocesBrggcrifped fundt £onengiid ddRst tha seswAti @& idared2ndaidd t hus a
description is given of the operation by the variable |ength coder 211 in
t he coaithpuprocéss thel dwans horapdi@nc®necdsguaccomBiingreo £hest and
second variable length code tables are used in the coding process
accor dimjrdoerbodiown b, eabpdierartibed (DEfsefe f1tstisvadadietibengt.h code
table, the tables showmn in figures 19 through 22 are used as in the first
to thiadresbddiamEntfun Asaloe .t he second variable I ength code table, the
other hand, a table different fromthe first variable length 3 APR 2134 55
On the other hand, if step 909 is performed, an input

variable length code is decoded as a fixed length code

to regenerate coefficients. If anyof steps 204, 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



code table is used, and in this case, used is the one conpose Sf hhe sets
having Level values no less than ten. described above, in the flo rdnk 2004
enbodi ment, a first variable |length ,code table in which nost of Level
values are less than ten is used, whereas a second variable | ength code
table is used including the Level values equal or nore than ten; that is,
it is preferable to use a second variable |ength table conposed of the
reference events not included in tte first variable length table.

| o 05, 54008, O PLPPOToaL e 10 ohd e 1

derived"i conparison s per

. X ; | i fi i . h d
table T b vl ST v Ebar s RERe | Eofec P adont Hfi e S et ded
whet he .Level) is

.a reference event having.a natching t.ofég é :
found biRget F thECCERBar Lot procasir ] 1o (87} ¢3uaerhEhemstiag 100s 1 nat
such reference ev$nt i%.found%osteg 1005 is $erfo ned; 1f.it 1s not found,
step 18B8SFs FATHI AERA TP IRACT605 i RYFOP ARG at-Thid PR, a
variable |l ength cod orrespondipng to ége refere event is.output,
f ol | ovBYCBY S &f-eR0 13 MhPERL 0 P BBSRRArTREE 1Y 43 ef FUOBZAS Pbr f or med,
on the other han conparison is perfornmed between the input_event and a
r ef er GAERCEYENT S iRRET HAEH S US 1THE Gnkie § 3t te SEGRR t&&ﬁ“es’i%‘mﬁﬁhﬂ t abl e.
Then, in step 1007, 56 ,
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 toc the image decoding method
and image decoding apparatus. of the third embodiment,
appropriate decoding process can be performed

corresponding to the result c¢f coding derived in the

above-described manner, to obtain reconstructed image.



deci ded whet her a reference event having matching (Last, Run, Level) is
found or not in the conparison process. If it is decided in step3lf6y At
the reference event is found, step 1008 is perforned; and if it I's not
found, step 1009 is perfornmed. |If step 1008 is perfornmed at this point, a
vari able length code corresponding to the reference event is obtained, and
a control code set uniquely and a second node code are added to the code
and output, followed by step 1010 which will be described later. In this
case, "0000011", which is identical_jo the ESC code shown in figure is used
as a control code, and node code. ed as a second If step 1009 is

perfor r hand, the coding process shown in figures 23 is

, LONn.the othe
perforgggr‘l'boﬁ’rfnierﬂﬂug'event to generate a fixed length code. Then, a result
coding is output which is the fixed |ength code to which a control code
and a fiAstimeage codngmectiddddaccarding tasadoarrth embodimemtcofle. |f any
of steps 1005, 1008, and 1009 is perforned, in a subsequent step 1010,

deci ded teetgreseat imperitieveis piegabaedorsitct@ssindipltcleygse 6f not, and
if it is the last one, the coding process is conpleted in step 1011. on

1 B A B A0S0 o g B g 1
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 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’



57 by 1 in step 1012, whereby a next input event is perfornmed yn,t
manner. Thus, the process is continued to the |ast non-zero coéﬁf?c#@%ﬁﬁﬁf

'Hereinafter a description is given of a decoding process to the coded data
obt ai ned the inmage coding process shown in the fourth enbodi nent. The
configuration of an inmage decoding apparatus according the fourth
enbodi ment is identical to that of Gthe first enbodi nent, and thus figure 4
will be used for the description. Figure 11 is a flowchart showi ng the
pr ocedwo@evarbdlsl 6 $ engefl, dessdiimy et Rodageorti 7y £5 7 fOUFt h
enbodi ment. An inmage decoding process according to the fourth enbodi ment
di f f ercofipomechaf e tsret§ iratiegdRiVeRta bRe§ Bo 1hes griveessehBy t he
variable I ength decoder 408 shown in figure 4, and thus the operation by
the vaxs abbecheigich alecveer i00&hHa foertcedibngiipreBbssa Wil¥Sbe descri bed
with reference to figure 11. First of all, followi ng the initiation of the
processariabskepehtdh codeartizble ienghhchodessf ofuaRiieded aamsf or nmed
coefficients, which is ect processed, is input as an input variable |ength
code. stenelldBhaid ten veaistat, whetiwss tshe eicopgt vazdiadhl @ llegrgith code. .
includes a control code or not; if the control code is not included, step
1104 igoder fapmed,i fngséd ihcisding 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. In 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 (L.ast, 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 1is 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



1 3 APR 2004 58 included, step 1105 is perforned. In the case where step
1104 is performed, that the case where a control code is not indl GdaBR A
‘set of (Last, Run, Level) corresponding to the input variable | ength code
is output by using a first variable I ength code table, followed by step
1110 which will be described later. Wien it is decided in step 1103 t hat
the control code is included, decision process is performed in step 1105
know whet her a next one bit subsequent to the control code is Then, if it
is "Otabstep T, sipestepndd0heitad Sstderided Woe dtFbrited if it If
step 1106 is perforned, a set of (Last, Run, Level) corrﬁ ponding to the
i nput re@eirallce | enghtt dedeing watpiindy(kashg BHE sdeoNE 3ar’isdbl e length
code table, followed by step 1110 which will be described later. If step
1108 £b§nREbRORBRA: noBhtheomplheri semd r eleeddi nglfst et FoffEd Atk i nput

vari able length code as a fixed |l ength code regenerate the coefficients.

| f anypofspepsoyl0shatlie, refe rkiise iavert fos neenfin 8tsPbdddifent step
1110, it is decided whether an input variable |length code processed is a
last § ol r ¥3thabl eanbiengtit todeofomotd, ahepi 1009 ispavefea®edone, the
coding 'process is conpleted in step 1111. On the other hand, if it is not

the | asts006.16H8 PPYAEFOPmed aetthinedbobnsiep variable length
code corresponding to the reference event is obtgined,
and a control code set uniquely and a second mode code
are added to the code and output, followed by step 1010
lwhich will be described later. 1In this case, “Qoo00011"7,
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
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.

I1f 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



1102 after j is increnmented by 1 in step 1112, whereby 59 a nex% én ut
variable length code is processed sinilarly. Thus, the process iisd APR 2004
‘continued to the last variable | ength code. described above, in the inage
codi ng method in accordance with the fourth enbodi nent, first and second
variable length code tables are used, and if a reference event concerned
Is not found in the first variable ngth code table in a conparison
process in steps 1003 through 1004, a conparison grocess gan be, perforned

with theg SecordteamliGbl e Whawkghy oI ¥ aotRPUFHEYeR6r b5 BETEPE™SE f or mi ng
fixed length coding in step 1009 is reduced, _resulthqﬁ%ﬂ i nproved whol e
conpr essi time redme mEnaeresufhusedERg. PAEESSH A§ FBNLHE oh “&fbodi ment ,
plurality of variable length code tables have prepared, and by form ng
pl ural 1a8kl eorsez¢hat coled favaamBt . i ncl uded in one of the tables are
different fromthose in the other tables, coding efficiency can be inprove
Further, simneethefiteagea cbelayipppamatis ofveRe o t BeCERBEE ment
conprises a variable Iength coder 211 perform ng the above-described
codi ngpABEEed, tid the posisihidata obtaimed résubbeofl madh ngPRa®dng i nproved
conpression ratio whether the conpression ratio of the conpression coding
by thepgggggéugh@ﬁnhﬁghuweIﬁwurEhrEh@uﬂﬁm@naecowbﬁng to the i mage
decoding nethod and inmage decoding apparatus of the fourth enbodi nment,

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. In

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



1 3 APR 2 60 appropriate decodi ng process can be perfornmed corre pondiq%
to a result of coding deprived in the above-described manner to1o%t§PR 2004
reconstructed i nage. Although in the fourth enbodi nent two variable | ength
code tables are used, an arbitrary nunber of variable 1ength code tables
may be prepared, and a corresponding nunber of nobde codes may be used to
di stinguish the plural variable lenggh code tables. Further, it is possible
di stingui sh plural variable | ength code tabl scal es.

{ e b§ u%?lti zatj.on
Enbodiimeritudedans t emgkl @ddt figp et AGASSCcord ﬁg‘et 33 % ' ©erfbodi nent of t he
present invention, a transformation  process us%@g di vi si_.on rofess IS
per f OrUTED tios ame efemmedshitdtp ¥ sian 8Bj &8 & 3% WHHEY, 2afif™ el conpari son
is performed with a variable length code table. Figure iS is a flowhart
of thequecedunetofinzvededbl 8 sednqh EbaFkg Method®@¥Eording to the fifth
enbodi nent.  An image codi ng appar at us accordinq}to the fifth enmbodi ment
has t ke sesepenatingutatibe tspubavadiabie Lpngt EMSSItFe R ERINY ¢ hus
figure 2 will be used for the description. An inage _codi ng process
accor @yng stith g he ffifsh venbabileedendittf aradd rioablfat faddOME AP Yo the-first
APR T 61
step 1110 which will be described later.
When it is decided in step 1103 that the control code
is included, decision process is performed in step 1105
to know whether a next one bit subsequent to the control
code is “0” or “1”. Then, if it is ™07, step 1106 1is
performed, whereas step 1108 is performed if it is.“l”.
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



enbodi ment only in the process by the variable I ength coder 211 shown in
figure 2, and thus a description is given f the operation of the Y&} ig @
'l ength coder 211 in the coding process below with reference to figure
Followng the initiation of the process in step 1201, -th input event
consisting Last, Run, Level) is { obtained in step 1202. Then, in stet

1203, transformation process is perforned to the input event using
division process. In the transfor mition process, divisionis performed to
t he Lavekxvaiteuitnekudedlienlemgtiputods drt Prafgd TR a L4687 ldeci ded based
on a quantization scale, to derive a quotient of the Level. Figures 13 are
di agr @mms ,i lthespratieng iel abnbasusat weehhgubastzed F dbabdcallendaid di visor.
Figure 13(a) shows an exanple of setting with respect to the relation

bet wegpgiethem and indicates that a divisor is set to 2 when a quanti zation
scale ranges from1l to 7, and a divisor is 1 when a quantization scale is
identical 9 QesRi®ddiaibdhes deanshé¢ hanageamdding omesdaide iz equal to or
nore than 8, division is not carried out. Figure 13(b) shows anot her
exanph e $8idd A¥e Wri Bnr e6BEEbulra H hamis eliatean beftineren shénpeandids shown in

the figure, 1t is possible to classify quantization scales into three
cl assgg qnedec dggen EbdkSeable’s eIondiey, tan@arch £lesSerence
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,



Quanti zation process is basically a division process, 2 APR 62 _and

quanti zed transform coefficients tend to have a large value as & 3 APR 2004
guanti zati on scal e decreases; accordingly, when an event is generated, the
Level value included in the event is often |arge. The variable | ength code
table shown in figures 19 through 22 is fornmed so that it is suitable for
the coefficients having a relativeleg high conpression ratio, and includes
many events having small Level values; therefore, a patching rate for the
r ef er eppe opueinttse | ietodédd PAM@eEEbICAT ¢ BEEER arate performng
variable I ength coding is also reduced, resulting in degraded coding

ef fi ckepegspbatiaior ep Bnrasuiti@thﬂﬁkﬁﬁn@ﬁPF%ﬁﬂﬂ1%ﬁetaﬁantization
scale is small, division is performed to a Level to generate a transforned
i nput 2 g¥eBL-dwMd b adsmmahnedrevied vhtad mhiehons tEst§dr 1ma8gfpari son
process, thereby inproving a rate of perform ng variable |ength coding and
| ncr easi NGy 1 hPOgEI i ItiHey folatt s kattodimes tafeo & 4 bEabéd. L ARGED t he
quotient of the Level is derived, in step 1204, conparison is perforned
bet weghgtLasihl N requekidgntamfatbi¢lamf thsberanst ovagdaPAdgut event and
a reference event included in a variable Iength code table, and in a

SUbseﬂéﬁ?Ehsk%@el%E%lQ@Qﬁé%oﬂeppmapﬁrés,candiedcqnne%@@@aap@@ to the
result of the conparison. If it is decided in step 1205 that such reference
event, | fpEQUBE . 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

gquantization 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



step 1206 is perforned; if it is not found, step 1208 is 13 r 2D 63
performed. |f step 1207 is performed, the variable | ength code o} AP 2604
reference event concerned is output, and in a subsequent step 1208, théb
remai nder of the Level is subjected to fixed length coding and-the result
of the coding is output as an input auxiliary code. The code I|ength of
the renai nder of the Level is changgf depending on a divisor. For exanple
in the case of the setting shown in"Tigure 13(a), the bit length r emai nder
i s seteriodimbar enly dirsehei sr@ceasdoyhehdivia disigtt leng We Fnder is set
to O when the divisor In other words, when a divisor is ', a renmainder is
act ualdy nggowades. fildusd eps 4ad7 tthueoughd2208 igrtel per fisr Ed/em vari abl e
|l ength code and an input auxiliary code are output as the results coding.

O the Otha! dodea i bnsbepthad0fairs 1L éoremgthf crddr Rdrigtim ddwe ng process
Is perforned to an i nput event generate a fixed | ength code. Then, the

resul i ddign $OFiBgelss Bash whteh desré hentexed Ifingihecade to which a

control code Ts added After perform ng steps 1207 through 1208 or step

1206’Following the initiation of the process in step 1201, a
j-th input event consisting of (lLast, Run, Level) 1is
obtained in step 1202, Then, in step 2203, 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 guantization scale,
to derive a quotient of the Level. Figures 13 are diagrams
illustrating relations between quantization scale and
divisor. Figure 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 guantization scale
is identical to or more thaﬁ 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 a division process,



in a subsequent step 1209, it is decided whether an input event process ed
is the last input event or not, and if it is the last one, the dodi AGR 2004
process is conpleted in step 1210. On the other hand, if it is not the

| ast one, 64 the operation is returned to step 1202 after j is increnented
by 1 in step 1211, whereby a next input event 1is perfornmed in the sane
manner. Thus, the process is continued to the |ast non-zero coefficient.
Hereinafter a description is given % a decodlngﬁfrocess to the coded

dat a ghbaqnedthy ciche rampeo todowt fi odesy shewf HP hge B L7 Fhbodi ment .
The configuration of an inmage decoding apparatus according to the fifth
embody genk b%lékﬁﬁaﬁ&hﬂdﬁﬂonﬁsthéeh&&ﬂr@mﬁgéhmﬁﬂcoéﬁﬁngﬂu§ figure 4
will used for the description. Figure 14 is a flowhart show ng the

pr Oceﬁ'h'éﬁ Yar bakling: | #9005 éndeandid)g ttet Hoelvatcurdiur tncinded fith
enbodi nent. An i mage decodi ng process according to the fifth enbodi nent

d|ffe%$ f§ggh§h§g Sftbhel hrgst. emhedivarniabbalyengthheogeoteds ey t he
variabl'e T'ength decoder 408 shown in figure 4, and thus a description is

gi vensl% hh?m %ﬂ%@}:éen 1y ttl’ﬂ%fl/(?lhl abl a d ehgthedesaderh&08ikn itshe decodi ng
process e owwth reference to figure First of.all, follow ng the

initiat gquf tﬁﬁ PERECES e fiflk 6f @it $4Qbvimyasi ablladienglp bagh of

quantlze ransform coefficients, which is a j-th object to be processed,
of cd%&ﬁérg%s rygglgaréﬁglfn&gﬁgg@ &% |@%éﬁtﬁ)ﬂéﬁ£ng$5meéj.the result

ACTudi Ng” an | nput auxiliary co
Levelvalues,therefore,anmtchlngrateforthexeference
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



is obtained as described in the image coding process the fifth e?bodinent,
the input auxiliary code is also APRI1 f r',l, 65 input togethef QMARR t208:
vari able length code as an object to be processed at this point. In step
1403, it is decided whether the input variable | ength code includes a
control code or not; if it is included, step 1404 is performed, and if it
is not included, step 1405 performed. In the case where step 1404 is .
performed, that is, in the case whgge the control code is included, the

i nput variable length code is decoded as a fixed length code to regenerate
and oupputs sogpfficients, followed by a subsequent step 1408 which will be
described. the other hand, in the case where step 1405 is perforned, that

is, in the gasgruBerp,fha LYurobraeds tife npdriabledddngtlsecodie (Last,
Run, Level) corresponding the input variable I ength code is derived by

usi ng Eﬁl}i e VAL Fablee d €ngb bneode dadt feqand thebpatep aktDEinsa per for med

in which transformation process is performed by nultiplying the derived

Level yahue qidh asRegsciided thdl YemdhRdRnesss | brd vehia Ibsdeci ded based
on a quantization scale, and in this case, the value shown in figures 13

i S D R R e e P e PGP ictodi heFo obtai s r omai nder
of the Levely ;angdutpGt SI® el ni%2dded 89 A Progyet, denvebdeom the
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), thé bit length of a remainder is
set to 1 wﬁen a divisor 1is 2,.and the bit length of the
remainder is set to 0 when the divisor is1l. Inother words,
when a divisor is 1, a remainder is actually not coded.
IfstepleOjthrough1208areperformed,ava;iablelength
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 %2080:‘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,



transformation process in step 1406 to obtain a correct Level value, and
the set of (Last, Run, Level) in which 66 this Level value is ugeg APP 2004
output as the result decoding. After performance of step 1404 or stebs
1405 through 1407, in a subsequent step 1408, it is decided whether an
input variable I ength code processed is a |ast input variable |ength code
or not; if it is the last one, the odi ng process is conpleted in step
1409. On the other hand, if it is not the |ast one, the operation is

ret urtieel epepaldG afs erefuiradtcrenthedd 1HP2 ¢ht8fep L1410, whereby a next
i nput variable length code is processed in the same manner. Thus, the

pr oceissc i smearteicnbgd 1t bnt fieepl 281 lvawhaledy éngek tcaaPutd@tenbed above, in
the i mage codi ng net hod according to the fifth enbodi ment, as shown in step
;203isﬁpékgumméﬂliﬁransfsamﬁimﬂnmencesﬁhug,pmhﬁnmEGCEﬁ&Mﬁ%h di vi si on
is performed to the Level value included in an input event which is an

obj ecdort ©i haepr teesiked a sisimgn az emarber fdeci et basikereana ffuant i zat i on
scale, and in step 1204, conparison process is perforned using a

transf giemed: i pPPUL e¥eqivehi 6l Hase bedi ngupjrectests ttw tte troahsd or mat i on
process; therefore, a matching rate for reference events included in a

vari afie | spghhneeder abhe ifalgRcrasstlgapdoce ssatehoknpenf armeng fi xed
| ength coding in step 1206 is reduced, and a possibility that short codes
are gilocRtethodim¥aki.ablrael @98ih gttt hijoh o f Aer easee dscwelindy using
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 fhe 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



[1 3 AP 2i1 3 APR 67 a variable length code, r ' in i i
> ! _ , resulting in inprov, C
efficiency. Further, since the image coding apparatus gf then?iftf¥§ Aﬁ% B&M
-enbodi ment conprises a vari able length coder 211 performng the
ﬁbove-dESCf'bed coding method, it is possible to obtain a result of coding
having inmproved conpression ratio by using a single variable Iength code
tabl e whether the conpression ratiogof the conpression coding by the coder
203 is high or low Furthernore, according to the innge decoding method
and i papetdecodithe mppdrtattise @’ﬁrtlr?éﬂf‘?flt?f‘%%oﬂ?ﬁﬁn?? a%p‘ie)tﬂ)%?itate decodi ng
process can be performed corresponding to the result of coding derived in
the ebopeepdesssdbed amriers Poidtt-ai A EEERsL ARG red b Jrrﬁdjee.CNiFﬁough in the
fifth embodinent it is described that transformation process is perforned
to Leygbtheel tHedinpnteventiaktlte leraitdi Stk iiGiF proEasy Cr%‘i‘/tﬁgper f or med
Run in place of Leyel..n Enbodi ment 6. an inmage coding method according to
a si XtBaeeHpodionenti it hispinstntednverttepnl 4PA pBa®& oM Anput

and if it is not-.included, step 1405 is performed. 1In the

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

where the control code is included, the input variable

length code is decocded 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
isnotincluded,easetof(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
guantization 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
tofixedlengthdecodingtoobtah1aremainderofthelevel,
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, Rumn, Level) in which



event, transformation process is perfornmed to a reference event, and then
conparison is perforne Figure 15 is a flowhart show ng the proceﬁuBeAPR I
, APP" 1094 68 variable | ength coding nmethod according to the sixth

enbodi mrent. An i mage codi ng apparatus according to the sixth enbodi nent

al so has the sane configuration as that of the first enbodi nent, and thus
figure 2 will be used for the descrdgpti on. An i nage codi hg process
according to the sixth enbodi nent iffers fromthat of the first
enboditrent oekyli vd hee pLecess:dyi s heutpar abd ethengtes woder£211 shown in
figure 2, and thus a description 1is given of the operation by the variable
| engt ly&coslgingdll 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

i nput  evepl +@Npledts dEmahcelast stRen14bavel) sitepabtiaioecthAogyhant i zation
scal e used in quantization process Is also input. In step 1503, an I- th

referey evept o skefubhemsa aari b e kendgtd godedeablvhettindrin  step
1504, the reference event is subjected to transfornmation process to

Jener &k i%ﬁﬁ@%é?&%%‘iégf%%??ec%%n rddbdbeqsixt A arhadiimpht as the

transfor mati on process, an set, ich is set according to the

QuANt (231 9y SOSLE JeiPillodd SkeRot150% iitS Aelderot a8 oA, vahue | ncl uded

in a reference eve case, setting is perforned in such a way

Lhat okl PQRRRE (HAARLLRR SRS 1465.2 o e Strfephen
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 1'203
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
nunber decided based on a quantization scale, and in step
1204, comparison process is performed uéing 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



scale is 3 or 4, offset = 3 when quantization scale is O f set | § ﬁ@@ﬂﬂmq
quantization scale is 7 or 8, O f set 1 when quantization scal@ s"9 ol
10, and of fset when quantization scale is equal to or nore than 11- For
exanpl e, the case where an event as -an object coded is (Last, Run, Level)
6) , if transformation process to reference event is not perfornmed, this
means that a matching reference evéhit is found in the reference events
shown in figure 19; a code corresponding to it is used, and the result of
codi ng ki aedei 3 ekt tsode he retshelt hagd,ini dnfeocade cwlidmed quant i zat i on
scale is 4 and the sanme event is used as the object, a transformation
procegg ditWhep .4 is added to the Level value is performed all of the

ref erence events; a variable |length code .corresponding to the reference

event (0, fyrZhed0MAnce théduiegdtos: ngedbpadathesoy Wid $idten obt ai ned,
whi ch neans that 6 bits are saved in conparison with the case in which the

aboveg ﬁ%%ﬁiinb@ﬁt%%ﬂfpfﬂrsr@éi@nva&qm&i Sengith perder nedl Therefore, adding
an ostet to the Levél a reference event is identical to a nethod of

deducbkg&oﬁﬁ%f%ﬁfe fpd hgebevelhef apdewenmedasd, Runislevel)  which
is an object to”be coded and conparing it with each
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 oI the fifth embodimeﬁt,
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 perfcrmed 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



set of a variable Iength code table. As described in the fifth enbodin?ﬁﬁ,
since a value a quantized coefficient tends to increase as a 3 JABRARRPLY
70 a frequency at which an s , quantization scale decrease event having
a large Level value appears is also increased. On the other hand, the
vari able length code table shown in figures 19 through 22 is suitable for
coefficients having a high conpression ratio, and include many events
having smal| Level values. Therefore, adding an Ofset a Level val ue
included in a reference event can raise a rate of perform ng variable

| engt h codi ng using short codes, thereby inproving the conpression ratio.
step 1505, decision process is perfd ned based on the result of the
conparison in step 1504. If the decision in step 1505 shows a match, step

1507 is carrjed out. after th rformnce .of .ste 5 a variable

| engt h cvc?rféabléo%ﬁp@i]ﬂo?ﬂﬁﬁ’& F!F%Pﬁg peeiding do.the S&/%ng%%gé@ﬁe&', fol | owed
by step 1509 which will be described |ater. the other hand, if no match is
found, sArpnERFrcedingrapparaiat 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 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



step 1507, it is decided whether the i-th reference event i
ref erence event included in the variable Iength cod taglg'lffatlg TQEB 2004
reference event, step 1508 is performed. If it is not the |ast reference
event, the operation is returned to step 1503 after i is increnented by 1
in step 1512, and the followi ng steps ending with the decision in step
1507 are performed again. By the prg@cesses in steps 1503 through 1507, the
2@1 71 conparison between a j-th input event and a reference event ’
!ncluéaiﬂdli@eavamlam(Qﬁﬁmgth:céd@hﬁﬂﬂ%ﬁ@gtﬁﬁi%&%ﬂ SGARLY *%e deci sion
in step 1505 shows a match between them or it is decided in step 1507 that
the tmegtes, @mmiet s 2tdiechaptanhézati-cat reaords/ Pheé &S son is
continued wuntil variable Iength coding is perforned or the |ast one of the
varlaQ|q|wﬁEﬁhqﬁ@dtﬂzﬁﬂfbmssca&padﬁI91@hel@aséﬂwﬁe@éfﬁﬁti§=d%cided in
step 1507 that the treated event is the last one, that the case where the
conNpagk QN it 4 i babkealls denphetddtioprtnerie than ddut &R, it is
found that variable | ength coding cannot perforned and in step 1508, fi xed
| engt nggm%w, i snPehkordmek twhkie amputvevenast @mueblecthd &%l t of the

codin a control code, followed

B$g§2§§§§q téL% $LER t15RGngr Leken )15080?%11??g)pdigiéﬁéggpég%w&mwegvem
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 eode
.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 f£ifth embodiment, since a value

of a quantized coefficient tends to increase as a



a last input event or not; if it is the last one, the coding prpcessPR 2004
conpleted in step 1510. | f.it is not the last one, on the other hand, the
‘operation is returned to step 1502 after j is increnented in step 1511,
whereby a next input event is processed in the sane manner. Thus, the
process is continued to the |ast non-zero coefficient. Figure 16 is a bl ock
diagramillustrating the inner confjguration of the variable Iength coder
(211 in figure 2) used in an inage codi ng apparatus according to the sixth

13 APR,20Q4 72+ ; spbedismntyoEréhgepr,esenfrequentayoiat MhERSWRT n t he
figur e variable I ength coder conprises: a variable length code table

,
1601, vel, Lransf i1 diNivla 1480 pped ootisaa Atoringogased i xed | ength
codere?gh}}, ﬁgrﬁ@]svﬁ{:@é 1605, and receives an input event and a

guantization s i NPULS vand Kyt pul engthesidde ofabddi agpowrhe vari abl e
Iengthnc%é§ fggfégl%gﬁdfs shown in figures 19 through 22. The Level

transfornation_ uni ©CehVes a fugabi gafioan ceat £ianerd ¥ ef erence
event 155@'1%"%?? I%tr?dlt%%n% orms a Level value of the reference event

correspondi ng. 40 L. GUADLL g3L0B ;35 € dify GeNeT ke Aanyr apshursred .

r ef er BAVE & Cnparat or 1603 perforns conpari son process between an

i nput _event and he transf r[gag r £ReB reverid@ntgoshpottEsecont r ol
signapagééﬁfdpﬂ@lﬁoEFﬁgir§§g1 ot ?@géconpgrison. The fixed | ength coder

1604 %r Loigsvgi Xvea Llleenigftlglﬁggldn.g:.n 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



process to an input event when it is input, and outputs the result of the
codi ng. The switch 1605 performs switching according to an outpud ARFMhe
conmparator 1603 and outputs, as a result of coding, one of an output from
the variable I ength code table 1601 and an output from the fixed |ength
coder 1604. Hereinafter a description is given of the operation the

vari abl e | ength coder thus constructed, corresponding to the flow of figure
15. In step 1502 3 DIQA, the flowof figure 73 when a quantization scale
and adompjuti svebte e ¢ntahj ohb)impetiairnt aad A YHRFEBIGE PERG  coder
(211 in figure 2) , the quantization scale is input the Level

tr ansf gemaidean inmi th26602 titrlmlghl anbitie ckld tadlehd S npepeata@st is input
to the conparator 1603 through a line 1612. in step 1503 of the flow of
figurgnd5a the qkevelidrm anséoepal 506 shbwsl60@: dehilveswgeretdeahce event
(an i-th one) fromthe variable | ength code table through a line 1613,

per f of g5 ; k1 aRSTgrdmeié@Ni pr eeeps 5@ 1 hehdevehe vakaddacévded s t he

ref erence event using the input quantization scale, and outputs a

resul £ gaty 4 ans{or meth. ef £F anned ey eftie conigher Coopai atooni0Bedst ep 1505 of
the flow of figure 15, conparison process and deci sion process are
per f og g1 by the b IOMMH AR 8089 Thepepppamnatoor16hd pesfoome conmparison
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 1509 performed subsequent to sltep 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



process between the input event and the transfornmed reference event which

are input, and decides whether these events match or not. If the deapgi 4
-is "matching", the conparator 1603 sends a control signal to the variable
| ength 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
swtch 1605 through a Iine 1617 so that the output fromthe variable

| ength code table 1601 is output f¥mthe switch 1605. Therefore, if the

deci si,@f ddi S 6P g§0§ﬁﬁﬁ?§eggﬁtCMmuﬁhti@nstepslsmﬁmm.inetmawvof figure
15, a variable length code is output fromthe output |line 1620 of the

switch;160% Qhd heapthen hanthqgth d¢édes tompdilses heacoaparislen process
by the conparator 1603 that those events do not match, a next reference

event ) Ll g Al 0uely i il o 195e 1t he ariGhhetiongthicodeanbl e 1601 to
t he Léve ranstormation unit 1602, in response to a control signal

through.the L I the fd owWnefef ko 1504 harst epswitdaiting with
step sﬁﬁmBFéagg?%gkﬁEH %ga?neafteP%{i" is increnented in step 1512. Wen

it iséggg,c’ked 41 %r:n the degi ﬂt‘ﬁﬂti OvshePataly it Lhete@madaian process is

conpl f8F%Hh ast one e variable length code table, the conparator

1603 outputs the input .ev t jq i €oli9nkhe fixed length coder 1604
t hr oufi &ngﬁﬁl%ﬁg,qﬁ% é?%e%d?gahgkiéﬁ?ro? 2PQnal to the switch 1605

through a Line 1617,50 thalgthe il AldnEoTeole £4 xerolangtd coder 1604 is

figures 19 through 22. The Level transformation unit 1602
receives a quantization scale and a reference event as
inputs and transfcl:arms 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 ahd 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



fromthe switch 1605. 1508 of the flow of figure e fixed | ength coder 1604
pe_rform; codi ng process to the input event input and outputs an} O%tél?ﬁlggﬂ!*
result of coding to the switch 1605 through a line 1619. According to the
control signal fromthe conparator 1603, a fixed |length code is output
fromthe switch 1605 through the line 1620. Follow ng the output fromthe
line 1620, a next input 1 3 r\PR 04 11 3 AN 210104 75 event is input
through the line 1612, whereby the p3ocesses input event in the flow of
figurethd ifg Rxestitedgagai 05, Wherd ragpientingtdccorsdiage tandhensi xt h
enbodi ment the present invention is thus perforned, whereas a decoding

processnbitl BeGrdqd datd obieai aed Bynpaucitd tage vaaddimbe i sepethornmed in an
i mge decodi ng apparatus showmn in figure 4. An inage decodi ng process

accor di-ggeko (Phe i il erdorl meftie dih&fes Zardiod atabé 1deifpust
enbodi ment only -in the process by the variable | ength decoder 408 shown

infi gyae%f}e ?@geﬁ.hyfaﬁs@%fﬁdéﬁéﬁﬂlﬁﬁtgi@@ﬁ ohrbhigh derpdenygeplocess by
the variable Iength decoder 408 below, wth reference to figure 17 show ng

the i npgp 00ofi guratdyQh ¢ Rer eRbutSPEWNé R ik £ 7,1 60® ttaré@phe | ength
decoder conprises: a variable Iength code table 1701, a conparator
a line 1612. In 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. 1If the aecision is “matching”, the
.comparator 1603 sends a control signal to the variable
length code table 1601 through a line 1615 so that a code
correspondingtx)thei—threferenceeventisoutput,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, if the

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



1702, a Level inverse transformation unit 1703, a fixed Iength‘fﬁpgﬁﬁrzmm
1704, and a switch 1705, and it receives an input variable |eng ode and
“a ‘quanti zation scale as inputs and outputs a result of regeneration
derived fromthe decodi ng process. The variable |ength code table 1701 is
shown in figures 19 through 22. The conparator 1702 perforns conparison
process between an input variable |lepngth code and a reference variable

| engt h code and outputs a control signal_ corresponding to the result of
conpathsofil oFhe 3 fAgrureveh, i AvEadd ab kst oRaaRi 6RAfiktS 1998PHecei ves a
quanti zation scale and a reference event as inputs, transforns a val ue of
a Levetomi ndleudsttputt héneefldr2hceferdst sotrt@BpbdhRfiong to the quanti zation
scale to generate a transforned reference event. The fixed | ength decoder
1704 per f ammetHé xechéengehddedddiiny i dowgdt bnahheng@mpPa®kt $aBl e | engt h
code when it is input and outputs the result of the decoding. The swtch
1705 wes & esss bywithehicwgnpar aespodditiy that theosat pwerfydnal® heo&onpar at or
1702 and outputs, as a result of regeneration, one of the output fromthe
vari aid€chengtieode: f@bbrcel@®tnand it hel oubperie f riosnimpeuti kedm engt h
decoder 1704. Hereinafter a description is given of the operation of the
vari ale {argthidecosegthhusdwnsablet @60 1Wiem heudrtiedati on  scal e and an
i nput variable length code are input to the variable |ength decoder (408

in figes 4brmiahte srlantizatdom, sioalre sonseUto ocorterd el gnaler se
transformation unit 1703 through a line 1.711, and the input variable
| engtgh £OHE NI €hé NP e UEXE COMMA@fQowlB82figure 15, the steps
starting with step 1503 are performed again after “i” is
incremented in step 1312.
When it is checked from the decision in step 1507 that
the comparison process is completed for the last one of
the wvariable 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 g 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 line 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



through a line 1712. The conparator 1702 derives a reference vaTiBagle%%guq
| ength code fromthe variable |l ength code table 1701 through a 1li

and perforns conpari son between the input variable |length code and the
reference variable length code. If the result of the conparison is that

t hese codes 2004 77 match, the conparator 1702 sends a control signal to t
vari able |l ength code table 1701 th'rgg)ugh aline 1714 so that a reference
event corresponding to the referen vari able length code is output, while
sendi ngewenbrits ahpudi ghabugoh the $wnecht1205vHdrobyghtlae InmecdF$E S0 t hat
the code fromthe variable length code table 1701 is output fromthe

swi t ch tky Gmp W emerhe Martihablfd dwngt ficpdee tldblia, eacrmafteedrcgadvent i s
input to the Level inverse transformation unit 1703 through a line 1715 to
be subj ect ettheo iaansfosdhgor cgrodesg. ttha Heevel x thvemdbe d iraasftor mat i on
unit 1703 perforns the inverse of the transformation process perforned
for codifigth€optespartdiingréntibe: Levethubchedath rméd | heheafed enee event
based on a quantization scale. In the sixth enbodi nent, an O fset

predet dieli S ®h @G 8EBE Boatiast £dakidonas@abs tias ndted; Ismdiheihgyel val ue
included in a reference value. This is perforned in such a way that Ofset
= 5 whegdiuantiZ dledOfo shalieihSah 9made ddd®eing Lpphea iyl dahi on scal e
is 3 or 4, offset = 3 when quantization scale is or 6, offset = 2 when

quanti zat irQRuSCRl4e | A’ image decoding process according to the
sixth embodiment differs from that of the first embodiment
“? only -in the process by the variable léngth decoder 408
shown in figure 4, and thus a description is given of the
decodingprocessby1ﬂu&variableléngthdecoder'408below,
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 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



scale is Ofset = 1 when quanti zation and offset = 0 when quant323tkp@ 2004
scale is equal to or nore than 11. For exanple, when an input ari‘abl e

| ength code is "0101000", (Last, Run, Level) = 13[ R ?1 Q04 (0, 1, 2) is
derived as a reference event froma table 78 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 1705 through a line 1716.
Then, corresponding to the control signal fromthe conparator 1702, "the
switch 1705 outputs this result as a result of regeneration through the
line 1720. When the decision shows énatching", a variable length code is
output fromthe output Iline 1720 ofSthe switch 1705. On the ot her hand,
when no nathing vari abl e | engt.h code if %ound.in t he conparison process
by the cohpdiatibrersgotransiermefighataitby 119 2r gy & tq’réal?%o%ari abl e

| ength code to the fixed Iength decoder 1704 through a line 1718, while
sendi ng assadatardd a wifgreaicetayeniassiipats, trossiohmsug ratueof adeve¥17 so t hat
a code from the fixed | ength decoder 1704 is output fromthe switch 1705.

Ther eby, @acheged tinofhd iréReehed @vbndeeRdésishndinguidd the fuamtifeicut put | ine
1720 of the switch 1705. Thus, according to the imge codi ng net hod

S555" 0 by Siate Sl escg Rchagastocge! o Beasgalon L oo
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 ocutput 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



| ength code table; therefore, a rate of performng variable |ength codiw%
and a rate at which short codes are allocated are increased as in3t BeR 2004
*first enbodi nent where the sanme transformati on APR 2U0 79 process is
performed to input event, resulting in inproved coding efficiency.
~Further, since the imge coding apparatus according to the sixth

enbodi nent conprises a variable Ieng&? coder 211 having the inner
configuration shown in figure 16 and " i npl enenting the above-descri bed

codi ngafenhhodthea comsd tatodi hgO0Ravengs mpcovsdr ebnpi essgitofior &hico can
obtained using a single variable | ength code table whether the conpression
rati ovefithe cdmigshi andeodiaigl dyl7hé tdodmegR08 ild e gh’bé sew.
Furthernore, by the image decodi ng nethod and i mage decodi ng appar at us

accorghag 1o ddreséxth enbkodi nentresapprdprg ate déeodieepencess can be
performed corresponding to the result of coding derived in the

aboveg glesanilked srafifier cé@eObsabntputscontsi ecseddiimepe fdhhoogh in the
si xt h enbodi nent a nethod of adding O fset is used as a transfornmation

processgh il ehef RACEwiR RNt 7 oiNe iAteisSa ilsim@t1 Tim s edthatt bhe met hod only
and other functions may be applied. For exanple, the above-described

ef f ectpo§ansbenolhal Rad dyn el baghomicite nesbods 1 7ehang nenepl tiple to a
Level value according a quantization scale; subjecting to quadratic
functé ofy, apd Ghangkngiaodynani c range
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. In
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 quantization scale_is 3 or 4, Offset =
3 when quantization scale is 5 or 6, Offset = 2 when

guantization 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) is derived as a reference event from a table



Level. Further, as is illustrated in the description of the ”ﬁ‘?ﬁ;@h@ﬁfﬂm’n

process to input event in the first 1 3 APR 80 enbodi ment as we

ot her enbodi nents, it is possible performtransformation process to a val ue
of Run a reference event, in place a Level thereof. transformation process
As described in the enbodinents of the present invention, in any of the
enbodi nents, the procedure presented referring to the flowhart thereof 3

ust one exanpl e, and other procedure inplenenting the sane coding and

decodi ng nmet hods may be used. ' Furthernore, the imge codi ng apparatuses
and i mage decodi ng apparatuses of Mhe first through sixth enbodi ments of
the present invention are realized by recording, in recording nedia, an

heyvprisgfigwre il9p| Ehenkeve) inversertrpnodmagiorethotis 7633 tefdels

i mge codi

respective enbodinents and an i mage decodi ng programinplenmenting the

i mge dedodbntherdidvedsinetudéd iresheds irefereneedev@nt Snpudnid tle Nimgsaé he
recorded prograns on a conputer system including a personal conputer

K Stabh om e L ng; B '
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switch 1705 through a line 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 lcode is output t:rorn 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 1702, 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.
o Y Thereby, a resu‘lt 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 code table; therefore, a rate of performing variable length
coding and a rate at which short codes are allocated are‘incre;ased as

in the first embodiment where the same transformation

and a



such as CD-ROM Industrial Availability As described above, the i e
codi ng net hods and i nage codi ng apparatuses of the present inventﬁgg AR 200
‘able 1 3 APR 201 81 perform coding process at a high conpression ratio to
a wde range of objects having various conpression ratios, using a single
variable I'ength code table, when an object processed is the data
conpr essi on- coded by subjecting digydal image data to DCT or- waveform
coding. Further, the inage decoding methods and image decodi ng apparatuses
of the pnﬂgﬂmssunypnmﬁnrmﬂ@tabﬂépwé¥ﬁ@ﬁﬁﬁﬁpﬁﬁé&ﬁ?ﬁ%ﬂdébbmﬂﬁﬁﬁﬁ cess to a
result coding which has been subjected to the above-described efficient
codi ng plcatiass, efdiatiteaiay r econstructed i mages. Furthernore, a recording
medi um contai ning an inage coding program and a recording medi um contai ni ng
an imge decpdirifenr,0gyiam eccoe dimgg eocoHeé ngr Qi r 2 hvendFeM &bl e to

i npl enent an image codi ng” apparatus capabl e obtaining a result of coding
with a kicghheoRRKesSeabddment antnpni ErEge derddbAg dppartdt e dapabl e of
appropriately processing the result of coding, utilizing a device resource

{A:l L?/éi rbnxz 1T WARH iy thee rienns flesbpf bgeast iem ahaanput & myse ené aBd APP 200
implementing the above-described coding method, a result
of coding having improved compression ratio can be
obtainedusingasﬁnglevariablelengthcodetablewhether
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 multiple to a Level value according
to a quantization scale; subjecting to guadratic
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



1. An inmage decoding nethod for extracting a variable |length code, from
conpressi on coded data, conprising obtaining an event correspon&iagAW% 2004
sdid variable length code by using a variable | ength code table wherein a
ref erence event consisting of Last, Pun, and Level, is assigned to each

reference variable code, and deriving an output transform coefficient from

said event, the nethod further co i sing: obtaining an event
corresponding to said variable |ength code by using said variable | ength

code tabl e when said yaiiadsed ergidy et diorente} indsigessibbatrol
code, obtarnrng an event corresponding to said variable |ength code by

usi ng s;{gréggfgfynﬁéfm% ??ea%it@iplﬁraaasst hen @bt &l veng fa Ruanstor med

event b ristorniing e Level value of said event corresponding to
said variable  lLengt ugj NG; cRr edelerdnds drnation wesceasd
variabléalﬁ%g?ﬁego eQ?ﬁ%fﬁﬁegﬁgg}dccontrol code followed by a second node
code, and wherein tgﬁn§988E0| code is "0000011" and the second node code
is 0" 2*°Af 'ﬁgﬁg' ecodi ng ‘method for extracting a variable |ength code

from conpressi on, coded t risi . i NLAJ+AR M eg@r respond; ng
to said vari%ﬁléh?%ﬁﬁfﬂgacgab gy d??ﬁggénggﬁﬁig?g-- Ie%bth Code table

'Gnea { oUBUERE? BFor cHte Dar PEoRD e SRATCa i My BACGot put St ansf orm
Coefﬂ(jgigsgggghsgg é???ﬁg %gm%hém%fggchg&kh%5é¥gg¥if%r§hét 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
embodiments 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 implemeﬁting
the image decoding methods of the respective embodiments,
and running the recorded programs oOn 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 coding methods and image

coding apparatuses of the present invention are able to



1 3 APR 29 obtaining an event correponding to said variable Iengthmcggﬁ %ﬁ
using said variable length code table when said variable | ength ché S
'not include a control code, obtaining an event corresponding to said

vari able |l ength code by using said variable length code table and then
obtaining a transformed event by transform ng the 83 Level value of said
event corresponding to said variable |ength code using a predeLerm ned
function when said variable |engft8kode includes said control code

fol I owed  hy & 5eCoRnEDEe RAdes ANch WhBglei Bolipe epreden eratied td umcti on

for tranEFornlng the Lével value is defined as: the transforned Level =

si gn (th%ie%sglaégg Jevely o 8 avinbapsr{ bie cesiliessibavehtialue) -F a
pr edet er m ned set value]. ABSTRACT | MAGE CODI NG AND DECODI NG METHODS

In an inmage codi t f 318 WESERtcd¥ensbB, wakbheanaopreasss such
as DCT i¥%§5¥?%r%g g?éhgﬁﬁﬁiﬁ_ i&gge é%ta, guanti zati on process is

per f or med, %”d then, o k@ 1S UL ank 2 guapiingac § § aBsi-erda&@eb i ci ent s,
vari abl e*e di coding process Is performed with reference to a
subjecting digital image data to DCT or-waveform 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
efficientcodingprocess,toobtainreconstructedimages.
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 devicg

resource fully, by running the recorded programs on a

computer system.



vari able Il ength code table showi ng how vari able |l ength codes are 3 APR 200
“al | ocated, and in a conparison process between an event derived ?rom tﬁle
quantized transform coefficients and a reference event included in the
vari able length code table, transformation process is perforned to

I ncrease a possibility of performng variable length coding with
satisfactory coding efficiency. Fig. 1

82
We claim:

1. An image decoding method for extracting a variable
length code from compression coded data, comprising
obtaining an event corresponding to said variable length
code by using a variable length code table wherein a
reference event consisting of Last, Run, and Level, 1is
assigned to each reference variable code, and deriving
an output transform coefficient from said event, the
method further comprising:

obtaining an event corresponding to said variable
length code by using said variable length code table
when said wvariable length c¢ode does not include a
control 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 when said
variable length code includes said control code followed
by a second mode code, and wherein the control code is

“0000011” and the second mode code is “07.

2. An image decoding method for extracting a variable
length code from compression coded data, comprising
obtaining an event corresponding to said variable length
code by using a variable length code table wherein a
reference event consisting of Last, Run, and Level, is
assigned to each reference variable code, and deriving

an output transform coefficient from said event, the

method further comprising:



13 APR 2004

: 83
obtaining an event corresponding to said

variable length code by using said variable length code
table when said variable length code does not include a
control code,

obtaining an event corresponding to saild wvariable
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 wvariable
length code using a predetermined function when said
variable length code includes said control code followed
by a second mode code, and wherein the predetermined
function for transforming the Level value 1is defined as:
the transformed Level = sign (the resultant Level value)

x [abs(the resultant Level value) + a predetermined

Offset wvalue].
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ABSTRACT

IMAGE CODING AND DECODING METHODS

In an image coding method of the present invention,
after a process such as DCT 1is performed to digital
image data, guantization process is performed, and then,
to resultant quantized transform coefficients, variable
length coding process 1is 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 gquantized transform
coefficients and a reference event included in the
variable length code table, transformation process 1is
performed to increase a possibility of performing

variable length coding with satisfactory coding

efficiency.

Fig. 1





