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BACKGROUND OF THE | NVENTION Field of the Invention 5 . The presen}g AY
invention relates to an inmage processing apparatus, and nore particu arzw

to an i mage processi ng apparatus equi pped with i nage decodi ng neans which
has a function of expandi ng conpressed i mge data, for exanple. 10 Rel ated
Background Art Conventionally, there tslknown a techni que for tr o

i mge data after perform ng a frequency transform (transformati ommmmmmmm’m
data for each block to nake data conpression. In 15 particul ar, by 166166
separating frequency conponents into a high-frequency conponent and a
| ow- f requendy conponent and &M288i ROFRESENGorpEAEART ! Ssepar at el

ot her, conpression efficiency of inages is increased. 20 Howeveﬁ”mmmmmmm{m
prior art has had a disadvantage that if an error occurs during *Gpgpae
transm ssi on of_ encoded data, j i, gnal including fal se inmage data is
r epr oduced and %T.MUM ﬁ&lﬁﬁﬁ'rﬁmgrremr kably. In the case of using
a 25 vari abl e- 1 engt in_encadi ng the above hi ghfrequency conponent, it
may soneti nmes eqlénl e, Loy lmgrrber of data is not reproduced

accurately 2 a Mar 2 _plx.zesejnta q“pergyi'éne lg{}gazﬁﬁ\%%erégrg{"%gg of i mage

quality such as ni ssi ng o mage data occurs ife,1n field of

ransmtting | PSRN Gdidals UM AL phAvEeal ap gopyehi onal ly

been proposed vari ety “of
image processing apparatus equipped with image

decoding means which has a function of expanding
compressed image data, for example.

10 Related Background Art

Conventionally, there is known a technique
for transmitting image data after performing a
frequency transform (transformation) of image data
for each block to make data compression. In

15 particular, by separating frequency components into
a high-frequency component and a low-frequency
component and encoding those components separately
from each other, compression efficiency of images
is increased.

20 However, the above prior art has had a
disadvantage that if an error occurs during trans-
mission of encoded data, an image signal including
false image data is reproduced and image quality
deteriorates remarkably. In the case of using a

25 wvariable-length code in encoding the above high-
frequency compon;nt, it may sometimes happen that

even the number of data is not reproduced accurately



cutting down the quantity of information before transmtting i mages because
the quantity of information is very large. Anong them there is k&¢umzmu
met hod of carrying 10 out an orthogonal transform quantizing a coefficlent
after the transform and formng a variable-length code . Wth the
above-nentioned prior art including no error detecting nmeans. however, if
an error 15 occurs in a transm ssion path; such an error cannot be
corrected, leading to a gross deterioration of imge quality. Especially,
in the event of exceeding a dynam c range capabl e of decoding and

renroduci g 2 ghen Needed, 2t e al L of {a&mfsma%e qfggegsd. for

exanpl e, nmage qua eriora Yansmi ssi on

syst em of th d}c)fpeag h@{s&ﬁ@v&pgm edéé chigdigiti zed and i mage data

is transmtted via transm sSion pa suc as optical fibers or

comuni cation satelli ec C C an
error correcting codéh%%8@§g%%r'%g?gg?lﬂgggﬂdégo?fgﬁ?@%gegkb 1%@8%%Y 200Z -

3 1 transm sg OJh@rciPéltél Ufd ik Zthd fe QPATECAL $HECERPORTESARRAyerror in
the reception side (or t

5 been proposed a variety of encoding methods for
cutting down the quantity of information before
transmitting images because the quantity of
information is very large.

Among them, there is known a method of carrying

10 out an orthogonal transform, quantizing a coefficient
after the transform, and forming a variable-length |
code.

With the above-mentioned prior art including
no error detecting means, however, if an error

15 occurs in a transmission path, such an error cannot be
corrected, leading to a gross deterioration of image
quality.

Especially, in the event of exceeding a
dynamic range capable of decoding and reproducing

20 when encoded data after transmission is decoded, for
example, image quality deteriorates.

Moreover, in an image transmission system of
the type that a moving image signal is digitized and
image data is transmitted via transmission paths such

25 ag optical fibers or communication satellites and
recording media such as magnetic tapes, an error

correcting code (ECC) for detecting and correcting a



reproduction side) based on the error correcting code. That error which
cannot be corrected by using 5 the error correcting code is subjqupﬂAyﬂmz
interpol ation processing to forman approxi mate val ue from surround ing
pixels . In order to avoid a deterioration of inmage quality caused by the
interpolation processing, it 10 is required that the surroundi ng pixels
utilized for the interpolation are free3¥romerrors. when adopting highly
ef ficient encoding (inmage conpression) which has been widely used in recent
years, the surrounding pixels capable of being utilized for the
interpolation 15 are restricted. In a DPCM (di fference pul se code
modul ati o) nErASEMELBALONesETOrs ivnd ifldzeghdle |darsedbrtlexanple, if a
correction inpossible error occurs, the original data cannot be reproduced
by using the TFABSMASEASNYETEPTLHE dPeorecapdoidl jide o ytheéose 20 pi xel s
whi ch are included _in the upper and |lower |lines can be utilized for

i nter pol ati on*PRTPANE téQBe S1AGt REFLY RPathénadHaTy GRATRRIEIMAL uses an

or t hogonal transforn1such as a discrete cosine transform (DCT), if a
correction i nfi89&i-bl P8 EFX8EcHPCharANIRE B¢ ﬁQGﬁ%FWQQﬂQKk%F+?Ba
transm ssi on xel s verti.cal x |xels hori zont al ), cannot

ock (e.
be used t& reg SdﬁE °Fh8°5FFEtﬁ89 §PgRalts E§t§ 69 tto 1 %F$ﬂ$a - 4

1l a deteriorat}on s .l mage guallt cannot b tprev ntegvgven Qé

i nt er pol ati onPESFRGSERE GBp&PTEng™ SREF Fﬁn? S i ?P%RQenpt of
perform ng th? g Eg%gigolatlon in the sane frane no effect may be expected
dependi ng on h I'ng net hods.

In order to avoid a deterioration of image

quality caused by the interpolation processing, it

10 is required that the surrounding pixels utilized for
the interpolation are free from errors. When adopting
highly efficient encoding (image compression) which
has been widely used in recent years, the surrounding
pixels capable of being utilized for the interpolation

15 are restricted. In a DPCM (difference pulse code
modulation) method that reset is made for each line,
for example, if a correction impossible error occurs,
the original data cannot be reproduced by using the
line inclusive of the error. Accordingly, only those

20 pixels which are included in the upper and lower
lines can be utilized for interpolation in this case.
Further, in an encoding method that uses an orthogonal
transform such as a discrete cosine transform (DCT),
if a correction impossible error occurs, all the

25 pixels included in a transmission block (e.g., 8
pixels vertical x 8 pixels horizontal) cannot be

used to reproduce the original signal. As a result,



Additionally, in the field of transmtting information such as imges and
voices in the digital form there have been proposed vari ous enc%m 10
nmet hods for cutting down the amount of data trans mtted. One kn Y 2002
run-1length coding nethod is to encode data by conbining the nunber of
successive Gs and a value other than O into a set. On the other hand, a
forecast difference encoding nmethod or & 15 difference pul se code

nodul ation (hereinafter referred to as DPCM encoding nmethod is al so known
whi ch conpresses information by utilizing correlation between sanpl e val ues
close to each other. There is further known an encodi ng nethod that the
above two R0 AefR56%1gra tdgrbirAedMAideh dadH tot kamnay e prevent¢d ock

di agram showi ng t he encoding nethod in a conbination of the two nethods.

| rage data of €8eBi P¥ itﬁﬁutlt“gﬁrtl’ﬁrlé&d-l‘?“ah‘silr%tthteer"rﬁﬂﬁaﬁ %19 levemplied to a
DPCM encoder 313 for DPCM encoding into 4 bits. 25 Specifically, the DPCM
encoder 613 asdl'§fis DPCM codes of 4 bits to respective difference val ues as

shown in Table 1 belOWhus,2e§e¥A!n2%%ZaEéZmp% %fl%é¥%orming the

5 interpolation in the same frame, no effect may be
expected depending on the coding methods.
Additionally, in the field of transmitting
information such as images and voices in the digital
form, there have been proposed various encoding
10 methods for cutting down the amount of data trans-
mitted. One known run-length coding method is to
encode data by combining the number of successive 0s
and a value other than 0 into a set. On the other
hand, a forecast difference encoding method or a
15 difference pulse code modulation (hereinafter referred
to as DPCM) encoding method is also known which
compresses information by utilizing correlation
between sample values close to each other. There is
further known an encoding method that the above two
20 methods are combined with each other. Fig. 14 is
a block diagram showing the encoding method in a
combination of the two methods. 1Image data of 8
bits inputted through an input terminal 611 is applied
i to a DPCM encoder 613 for DPCM encoding into 4 bits.
25 Specifically, the DPCM encoder 613 assigns DPCM codes
of 4 bits to respective difference values as shown

in Table 1 below.



Table 1 Range of Differ- ence Values ppCM C odeRepresentative Val ue of

Differ- ence- 255 ~- - 9415- 140- 93 ~- - 7013- 80- 69 ~- - 5011- 2 MAY 1007
-349-40 ~ .... _ ~7-21 "A- -135-17-12 ~- -63-8-5 A~ -21-3- 1 A~ 1002 -
5236 -r 114812 -r 2061521 ~- 3582736 -r 53104454 ~- 9312?7094 ~- 25514150 An

i mage generally has correl ati on between sanpl e val ues cl ose to each ot her
such that many 20 difference signals occdr "as 0 and many DPCM codes occur

as 0. The DPCM codes encoded into 4 bits are outputted to a run-length
the run-length encoder 615 conbi nes the

encoder 615. As shown in Fig.
DPCM code other than O and the nunber o

15A,

hadhd

cessive 25 OGs (hereinafter

referred tolas a 0 run-length) before Tg CM code into a set for each
DPCM code of 4 bits—At this time by liniting the O run-length 2 8 MAY
2002 - 6 1 to 16 EtRaﬁ@.&&ideUIﬁEf'fehe r@n& Igg{gth c@desescﬁana{bie'eeacﬁ expressed in
8 bits. The 8-bit rwackengtbs codes|thirs iToddd3kye rhePiifert engt h encoder
615 are added with[a reset synch biit Tn a trarlsm sston tornat {5 unit 617 as
shown in Fig. 15B and-t3%&n~deti%er ¢d t olan out|put ¥4&r m nal . TWe reset synch
bit is added, for exanpl , aftgb ploces§5ng off each,Jine. Figl 13 is a
bl ock di agr n1shomnng a conflgurat on of "a deqoder device in gooperation
with 10 the’ encodi ng se®8i-on eBOFlg. 1411The rjun-+e8gth code 4nd the reset
synch bit both transnlttgd thr atra sn133|on th are ap%Lied to an
i nput termnal 621 and run-| ngih decvoder 623 Hé odes t he DPCM code by
inserting OGs in the nunAidgr~correspondi ng7to 1% the o9 run-1engtth before each
DPCM code until arnival of the reset synch bit]. The data decoded to the
DPCM code is outpufted £b & DP&¥Y decoder®625 flor dddoding to i|mage data of
8 bits, which are fhen-dglivereg tp an ogtput {termigal 627. 20 Wth the
above conventional |nmet hod, however
-5~ =2 1 -3
10 -1 ~ 1 0 0
2 ~ 5 2 3
6 ~ 11 4 8
12 ~ 20 6 15
21 ~ 35 8 27
36 ~ 53 10 44
15 54 ~ 93 12 70
94 ~ 255 14 150
An image generally has correlation between
sample values close to each other such that many
20 difference signals occur as 0 and many DPCM codes
occur as 0. The DPCM codes encoded into 4 bits
are outputted to a run-length encoder 615. As shown
in Fig. 15A, the run-length encoder 615 combines the
DPCM code other than 0 and the number of successive
25 Os (hereinafter referred to as a 0 run-length) before

the DPCM code into a set for each DPCM code of 4 bits.

At this time

by limiting the 0 run-length



if an error occurs in a transm ssion path, such an error cannot be
corrected and image quality deteriorates renmarkably because of inc|2.8iW82.QQ2
error detecting neans. 25 As nentioned before, in the field of transmtting
information such as inmages and voices in the digital form there have been
proposed various encodi ng 2 8 MAY 2002 1 nethods for cutting down the
amount of data transmitted. One known Tuh-tength coding nethod is to encode
data by conbi ning the nunber of successive Gs and a value other than 0 into
a set. On the other 5 hand, a transform encoding nmethod is also known which
perfornms an ortholgécl)_nal transformof pixels to be transmtited and quanti zes

transmtted dat®. Torifer LTI ¢ ndre e hcR $Y FREhBE BRASE the above
two met hods are conbi ned. vviglljeach Qlther 210 Wth ihe bovedconventi onal
met hods, homev‘%?f?r‘?"?seacﬁ WO ur st SR aE sEeR9tRat A4S uch an error
cannot be corrected and, i e alit eteriorates re kably because of

i ncl udi ng no e&f‘bsf ed’eﬁoe%(;t% t zl;e.nsll..m{_spﬁ%gaw:m‘?rf%?gﬁf S‘?E—"a?’éﬁ%/ No. g 023, 919
has been proposed g fhan inte 'sQ}}bérf QC]PE rE&Ct, Of - AYOL g 24 et gL LQLAL T on on
the side decodi ng conpresse ata,” bu as not yelf succeeded 1n

suf 1 cfentl.y Sgl e N Righherl 28 SUMIRG OF Bt |AVENTLEAD The pr esent

i nvention ﬁas een nmade I1n view of the situations 1n the prior art as set

forth above, ?A}ga\h?plppi%«_rmin%lt.o PR e 0 dYREE L OCESSad@ed NY apparat us
whi ch can satisftfactorily control the anmount of conpressed data. To achieve

the above obj efdr dibnifIdf B proceMing WS ederl YMA&. the present

i nvention, there is disclosed an i nage processi ng apparatus conpri sing,
recei ving means for recie}Vily &NCOALKb KRR sMdwindg Saencoded by using
orthogonal transformin a predeterm ned block unit, error detecting neans
for detecting corffiansmtsiiron fera alecafddh el eaniomsl eth | amgee tat don ceitlect i ng
means for correcting the transm ssion error in the predeterm ned bl ock
uni t, andidecodie@nmeahing creddsicodiafy Rie. eitodethe mage- Hen @t Ocadel
outputting i mage data for reproduci ng an i mage.
and the reset synch bit both transmitted through a
transmission path are applied to an input terminal
621, and a run-length decoder 623 decodes the DPCM
code by inserting Os in the number corresponding to
15 the 0 run-length before each DPCM code until arrival
of the reset synch bit. The data decoded to the
DPCM code is outputted to a DPCM decoder 625 for
decoding to image data of 8 bits, which are then
delivered to an output terminal 627,
20 With the above conventional method, however,
if an error occurs in a transmission path, such an
error cannot be corrected and image quality deterio-
rates remarkably because of including no error
detecting means.
25 As mentioned before, in the field of trans-

mitting information such as images and voices in the

digital form, there have been proposed various encoding



Anot her object of the present invention is to output a noving picturge m
hi gh quality. To achieve the above object) in accordance with the prze% Y 2002
invention, there is disclosed a 15 noving picture processing apparatus
conprising receiving neans for receiving a plurality of pictures of encoded
i mge data sequentially which is encoded_by using orthogonal transformin a
predeterm ned bl ock unit, error det ectTn_é freans for detecting a 20
transm ssion error of one of the plurality of pictures, correcting neans
for correcting the transm ssion error by using encoded i nage data of
anot her picture, and decodi ng neans for decodi ng the encoded i nage data and
out putti ngla Fafh@dst Fost oyitdtimgesionn | theyeammintataf séatential |y for
reproducing an i mage. Still another object of the present invention is to
i nprove a decdddEMidttesd ofnendo@ath datne Mgngth cadimapmetood isg9 1 in
encoded by run-1ength encoding. To achjieve the above object, in accordance
with the presd® SNeeds idgta iecoMyinging | Bredurbeferfe PHOCRISIYRY
apparatus conprising receiving nmeans fox receiving an encoded orthogonal
transform coef S @¢ne XRilER PIhedcddad B It I/t erfdt RS et hod.
decodi ng an f“??‘rg deg:fc%di ng the encoded ort‘{hocgjgnal tyansform coefficient,
error detecti RgWeads FEPSEOFE ENTEHS i ith 2r59r*%¥? he encoded
or t hogonal tralplsf rme}_,q_. coefficie based‘lr on_t he. ort hogonal iransform

r

coefficient, dnd Cofr ectoirﬁ"és fEafE 6)rg°_cn_ e%’falmr?gf?% Ur LTS |%‘?1 error of
the decoded orlnaganalfyias LAMCEAG i LM rardd L ANUIEL . OBhEEL, Of the
[ O inpro iI'ng et hod.

present invention St an ‘enco 0 achieve The above

obj ect, 1 n_2cqar 4Gl WolC oir eaelia dily G ba Lliek el dhard osed an

i mage processing apparatus conprising I nput neans for inputting inmage data,

transform ng RANmeltfbdBCRIer Fof ided NP UL 2DridAansform on the input
i mage data, extracting neans for extracting DC conponent and AC conponent

fromthe tpoansforned wirge téat abov@didshvERtodr mékh s datswdwer error
detection to at | east one of the DC conmponent and the AC conponent, and
encodi ng neandff ah emeed Bgcurs in a transmission path, such an
error cannot be corrected and image quality deterio-
rates remarkably because of including no error
detecting means.
15 Meanwhile, U.S. Patent No. 5,023,919 has been
proposed with an intention to correct or avoid a
deterioration on the side decoding compressed data,
but has not yet succeeded in sufficiently solving the
problem.

20

SUMMARY OF THE INVENTION

The present invention has been made in view
of the situations in the prior art as set forth
above, and its object is to provide an image process-

25 ing apparatus which can satisfactorily control the
amount of compressed data.

To achieve the above object, in accordance



25 the DC conponent and the AC conponent. Qher objects and forns ofzgmy 2002
present invention will be apparent fromthe follow ng Z 8 MAY 2002 -
1 explanati'on with reference to the drawi ngs and the description in the
clainms. BRI EF DESCRI PTION OF THE DRAWNGS 5 , Fig. 1 is a block diagram
showi ng a configuration of a first enbodi nent of the present invention.
Fig. 2 is a diagram show ng one exanple df a data transnission format. Fig.
3 is a block diagram showi ng a configuralO tion of a second enbodi nent of
the present invention. Fig. 4 is a block di agram showi ng a configuration of
a third enbodi ma\n&l }‘the present invention . Fig, 5 is a block diagram
showing a 15 c&ifgdh §t|p5ﬁs(9f‘tald‘é((,eé‘cﬁlr?d’ de‘iﬂec%elWad’f%ﬁWﬁe%nﬁ%dl ment of
the present invention. ek is a blaock dia ram showi ng an encodi ng devi ce
in the fourth éff?ﬁ'(?&l %ﬁtce I§|l(j‘g ?ppgrgtdﬁsagcr F61 L %pl B AT MG A9 zi g- zag 20
scanner 57 in F| £ r g_ec e for aj nlvrv}g %?scan recovery
unit 21 in Fig" F|8 § é( t5'|goc‘:aIE1 Sira‘rﬂ%% BrtiYtirati on of a
fifth enbodi ”E%%c%‘iie%h%yph%si%ﬁt o%%no@é%’l\t tansform in a
5 predetermined block unit, error detecting means for
detecting a transmission error of the encoded image
data, correcting means for correcting the trans-
mission error in the predetermined block unit, and
decoding means for decoding the encoded image data
10 2and outputting image data for reproducing an image.
Another object of the present invention is
to output a moving picture of high quality.
To achieve the above object, in accordance
with the present invention, there is disclosed a
15 Mmoving picture processing apparatus comprising
receiving means for receiving a plurality of pictures
of encoded image data sequentially which is encoded
by using orthogonal transform in a predetermined
block unit, error detecting means for detecting a
709 transmission error of one of the plurality of pictures,
correcting means for correcting the transmission
error by using encoded image data of another picture,
and decoding means for decoding the encoded image
data and ocutputting a plurality of pictures of image
75 data sequentially for reproducing an image.

Still another object of the present invention

is to improve a decoding method of encoded data which



Fig. 10 is a circuit diagramof each of correlation detecting circuits 230,
232. '2 8 MAY 20~~ - 11 1 Fig. 11 is a block diagram showi ng a ZBMAYZUUZ
configuration of a sixth enbodi nent of the present invention. Fig. 12 Is a

bl ock di agram showing a 5 configuration of a seventh enbodi nent of the
present invention. Fig. 13 is a bl ock di égram of a conventional decoding
device. Fig. 14 is a block diagramof & conventional 10 encodi ng device.

Figs. 15A and 15B are diagranms for explaining operation of Fig. 14. Fig. 16
is a block diagramshowi ng a configuration of an ei ghth enbodi nent of the

present 15 invention. .Fi,g. 17 is.a block di agram of_  an encodi devi ce.
Figs. 18A ahd eé‘rcé)d&fiaé’yar%nf &re“@%gﬂ §i“%°2‘§“§p'er a9 SFTHFE gqq“fw. 20

0% LD oEacaeth B it R0 AL T e
i mage dECOdingfﬂ%%%CQSaﬁngQB@thQnaihhbﬁtprocessing apparatus
comprising receiving means for receiving an encoded
5 orthogonal transform coefficient which is encoded
by using run-length encoding method, decoding means
for decoding the encoded orthogonal transform co-
efficient, error detecting means for detecting a
transmission error of the encoded orthogonal transform
10 coefficient based on the orthogonal transform
coefficient, and correcting means for correcting the
transmission error of the decoded orthogonal transform
coefficient.
Still another object of the present invention
15 1is to improve an encoding method. To achieve the
above object, in accordance with the present invention,
there is disclosed an image processing apparatus
comprising input means for inputting image gdata,
transforming means for performing an orthogonal
20 transform on the input image data, extracting means
for extracting DC component and AC component from the
transformed image data, adding means for adding data
for error detection to at least one of the DC component
and the AC component, and encoding means for encoding
25 the DC component and the AC component.
Other objects and forms of the present

invention will be apparent from the following



enbodi nent of the present invention, described below, is featured ir§ MAY 2002
conprising neans for detecting and 2 8 MALI 201 - Iz 1 correcting an
error caused during transmission or in reproduction froma recording

medi um and neans for replacing decoded data in the rel evant block by a
predeterm ned setting value based on error information 5 produced fromthe
detecting and correcting neans. After deﬂ@cfing an error caused on a
transm ssion path and carrying out correction processing, if it is found
that the relevant bl ock has a DC conponent free froman error and an AC
conponent still_including 10 correction, i sizbl e .error, the data in
t he rel evant bF%BEag?gl?gpVéEgdr8§e569SFuéogggghggﬁgﬁﬂgﬁpgﬁgﬁﬁ%ﬁhsed on
such informati : C i .yalue in the rel evant bl ock can be
repl aced by a §§Fﬁ§98ﬁg§é ?g gh régg§é de. 15 Fig. 1 illustrates a bl ock

di agram showi ng a configuration of an inmage decodi ng device and a
correspondi ng i mage encodi ng device of this enbodi nent. Denoted at
reference nunepghpdObp58r2PTeBROEFNGHECYRARIRGS 402 is a decoding device,
both 20 the devrces—berng ctonmected to eachottrer via a transm ssion path
403. The transmission path #03si 8 blobReahiagFafl sholidRsH Lo gmd um for
abovegroundelectric-wave or |ight spaces, Such as an optical fiber,
satellite or mghpVEYEagdidet ERMbbAEmEAtEoel tRe prelsanitanedsh tilc\sm ssi on,
and in the formof a storage nmediumincluding a tape-like nmedium such as a
digital VIR or DAT, a digk-bi ke sedibframcBhawiag ohed MAMMPARIDE al3 1

fl oppy disk or optical disk, and a solid state nedi um such as a

sem conduct or aabar yrahtmsssianvEdemasi.gnal i nputted from an i nage reader
conprising CCD sensors, TV canmera, video 5 recorder, hostconputer or the
like is applied to an Faput 3t @snanklod4B4dobarhe shoodingg adewindd 9 -and
divided in a block formation circuit 406 into bl ocks each of which
conprises popl biahi 0§ of sdaead empodipeotkofedble EFesestedroferd 10M8 pi xel s.
The data thus 10 divided in units of block is transformed in an orthogonal
transformcircuit 407 Fage frégudnkjock diagram showing a

configuration of a third embodiment of the present

invention.
Fig. 5 is a block diagram showing a
15 configuration of a decoding device in a fourth
embodiment of the present invention.
Fig. 6 is a block diagram showing an encoding
device in the fourth embodiment.
Fig. 7 is a diagram for explaining a zig-zag
20 scanner 57 in Fig. 5.
Fig. 8 is a diagram for explaining a scan
recovery unit 21 in Fig. 5.
Fig. 9 is a block diagram showing a
configuration of a fifth embodiment of the present
25 invention.
Fig. 10 is a circuit diagram of each of

correlation detecting circuits 230, 232.



conponents for each block through, for exanple, a DCT (discrete cosi g
transfornm). The transforned data is outputted as a | ow frequency con% rI‘M’MUﬂZ
and a 15 hi gh-frequency conponent, for exanple, a DC (direct current)
conponent and an AC (alternating current) conmponent other than the forner,
in separate fashion. These conponents are_separately encoded by encodi ng
circuits 408, 409 for conpressing the afrolht “of 20 information. As exanpl es
of the encodi ng) the DC conponent nay be encoded by a PCM (pul se code

nodul ati on) encodi ng net hod and the AC conponent may be encoded by a

run-1 ength Huffman encaogdi ng t hod. spective encoded.data outputted from
the encodi ng 25 circui ?€1%08§P430?) %r%Rf?‘glft%é‘?g’éﬂ@oﬁ%ﬂwngﬁc encodi ng
circuits 410, 4 0 . err e in .correcti c a nmeasure
for coping wt hé%nﬂhg%@@ Og]%[)oaisj éf{éﬁ %m%l&?(l)rrggrbésél%bpgecggggagguri ng
transm ssion, aj,d synthesized by a synthesis circuit 412 together in a
time-serial manner. After that, the synthesized data is added in a synch

signal addition circuitpdl3 Hp Wdh afyehashoPah £REwERGNaPr edet er mi ned
nunber of bl ocks for theﬂ%ur pose of transﬁss?on or r‘éc@‘?d?ng, fol |l oned by

delivery into tdhfiANSR &5 Yk RAtde?dBen NeROYBiLhEn+ 35£ T Phet PRedahR
transmtted and recelved by the i mage decodi ng device 402, the 10 synch

signal is detectfdddich synch signal detecting circuit 101 and the

foll owi ng signal processing is carried out on the basis of the detected
synch signal. The transmidi e dad aa i51d¢¥ Sd iS@pan ad £da byorvespasaaion
circuit 102 into encoded data corresponding 15 to the DC conponent and
encoded data cateashiorglideyiaethe AC conponent. At this tine, the format of
the encoded data is selected such that the DC conponents and the AC
conponents are positivdlig sdpariat el YIork edtdgovamert i m opeveghihndlock, for

10 encoding device.
Figs. 15A and 15B are diagrams for explaining
operation of Fig. 14.
Fig. 16 is a block diagram showing a
configuration of an eighth embodiment of the present
15 invention.
Fig. 17 is a block diagram of an encoding
device.
Figs. 18A and 18B are diagrams for explaining
operation of Fig. 17.
20 Figs. 19, 20 and 21 are diagrams for explaining

operation of Fig. 17.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

(First Embodiment)
25 An image decoding device according to a first
embodiment of the present invention, described below,

is featured in comprising means for detecting and



20 exanple, as shown in Fig. 2. The respective separated data are é@qﬂwgg
inputted to ECC decoding circuits 103, 104 for detection and correttion o
the error caused during transm ssion. The ECC decoding circuits 103, 104 25
deliver the corrected data to decoding circuits 105, 106 and,

si mul t aneously, deliver error i nf ormafi 68 to a DC repl acenent circuit 108
dependi ng on the 2 8 MAY 2002 - 15 1 respective correction results. The
respective encoded data corresponding to the DC conponent and the AC
conponent aft%r th rocessi nputted tq the decoding 5

circuits 1b5,_fﬁéegﬁggbLgﬁté%gfgcfgﬁsfgngggggﬂhﬁgﬁpggéffﬁﬁﬁ £8r West orati on
Into '”forﬁatkgﬁrgﬁuE@ﬁoPCE§8QP§”§Q%R%HQn h%eﬁgu%Q”Bgﬁe%%anEff%@y error
still remains’i e encode af a,

e correct I nformati on canndt be of

cour se rest or o 1Ak LIE,R8Ca8 oIk G UaLEAR SR SRG0d a) Tor

exanpl e, as an encodi t or t onent, Tt may happen that the

decoded Va'Uep?EdE@Eﬁ@EhQHPEg@%@BngSquOEaQQEO r % € ihab¥aadidn

. @
besi des, even the nunber o ata i's not restored. 15 e respective decoded

data OUtpq%teQrBHQHth?rQECQQEDQeEEE@Eh%Sa$@5co¥9@c%ﬁﬁgth%@%%qr”Ed by an
i nverse orthogonal transformcircuit 107 fromval ues indicating the

frequency conpegment 8ekBt@iflgt ani Bdi6at cAlsadPbieh thHemiBsliba Baeek.
However, if 20 the error cannot be conpletely corrected by the ECC decoding
circuits 103, ah@4casryenyi oaedcbereceiohhprbepebinagl,uaft att he i nverse
orthogonal transformcircuit 107 is not in itself correct information and
t hus an out pufouaiuehat the rav¥evsstoblboBjohak A5DCr anspbonendi rcuit 107
will be data quite different fromthe correct pixel data. Therefore, when
the error inféreat Eoompaodecedr afdaaihXCzgomponent still including
10 @& correction impossible error, all the data in the
relevant block are replaced by a value of the DC
component based on such information, so that each
pixel value in the relevant block can be replaced by
a value close to a true value.
15 Fig. 1 illustrates a block diagram showing
a configuration of an image decoding device and a
corresponding image encoding device of this embodiment.
Denoted at reference numeral 401 is an
encoding device and 402 is a decoding device, both
20 the devices being connected to each other via a
transmission path 403. The transmission path 403
is in the form of a transmission medium for aboveground
electric-wave or light spaces, such as an optical
fiber, satellite or microwave guide, in the case of
25 instantaneous transmission, and in the form of a

storage medium including a tape-like medium such as a

digital VTR or DAT, a disk-like medium such as a



- 16 1 fromthe ECC decoding circuit 103 indicates that no error is

present in the DC conponents for the rel evant bl ock, and the error 2 8 MAY 2002
i nformati on produced fromthe ECC decoding circuit 104 indicates that the
.correction inpossible error is present in the AC conponents for the

rel evant block, a DC replacenent circuit 108 replaces all the pixel values
in the relevant block by the respective ¥dl ges given by the DC conponents.
10 Wth the above replacing operation, even if the correction inpossible
error still remains as nentioned above, each pixel value in the block is

gi ven by the val ue of _the DC conmponent which i.s representative qof an

aver age vaﬂue,PL%%BYn%l?ha?rtﬂ@gggaga?ég@anaﬁg PeSPdiddstats PgAIEM ¢ hough
not exactly the sane as the.tru vglue rel atively close to the true val ue.
The respectiveHat aare PERFFRRGRGTBY B°FPMR¥ -base transformcircuit 109 to
line up on the same Zp.ti base. for the vide ignal _inputted to the
encodi ng devi ce, folloaéﬁs % %eY%@é?yg%?%ﬁiaﬁngﬁgﬁég ?5PWiﬁ§IlTT§? The
output termn i ct ed L-LOr my,PLL oy, | i ke for

form ng an ingg%. %cg?@ﬁﬁgggégtﬁgsi%%gggﬁéé08¥n85@%3?¢e5%§§§ 25 arranged,
even if the c i i i r u n;th L.ssLan path, a
deteriorat%oﬁ%#é§%%§g'q€§€?§§ﬁkgtﬁ¥ngﬁiggg.i§k§ égwagbggggnkglég 1 (Second

Enbodi ment ) Fi ﬂ'\ap@t SHOMWRi da $£0Rdo £TRRE EEEBdQBgthf@vE!ESSQOE sﬂaention- In

[
t he second enbodi nent of Fig. 3, the 5 function effected by the DC

replacement cidpidedOBnia bifeklebsmaedbhzedrbii® QoseRhaseBRBEKE M CUit
308. The other circuit blocks are the sane as those in Fig. 1 and,

therefore, aredlgnatedeiaich heonpiesesf &r pnaeantiepr aksaatd, Veeg.t he
respective error information out putted fromthe ECC decoding circuits 103,
104 indi cate thaicksd esclorcosspseséndfi 8 khé Ptxedspon®hesdbaa thesrel evant
bl ock and the correction inpossible error is present in the AC conponents
for the raloevahtvided| brkyniaks wf hbldekabsverénsformaBodnment,.the 0

repl acenent circuit 308 replaces all the values of the AC conponents. Wth
t hat repl aci nPoP@IRIdh, trersfesPeeciroeidatf’i Aptiot Edeguvenk® i nver se
orthogonal transformcircuit 107 have their AC conponents set 20 equal to
0. Consequent |SemRIRER S cfQE BREROBLREK tRAEAYEBr nfeFrr 8¥PPP167 Butputs the

transforned data . .
DCT (discrete cosine transform). The transformed

data is outputted as a low-frequency component and a

15 high-frequency component, for example, a DC (direct
current) component and an AC (alternating current)
component other than the former, in separate fashion.
These components are separately encoded by encoding
circuits 408, 409 for compressing the amount of

20 information. As examples of the encoding, the DC
component may be encoded by a PCM (pulse code
modulation) encoding method and the AC component may
be encoded by a run-length Huffman encoding method.
Respective encoded data outputted from the encoding

25 circuits 408, 409 are further encoded by ECC encoding
circuits 410, 411 to have error detecting and

correcting codes as a measure for coping with an



such that all the pixel values in the relevant block are given by the
respective values of the DC conponent, with the result of the simlajpg MAX 2002
advantage to 25 the foregoing first enbodi nent. (Third Enbodi nent) Fig.
shows an exanpl e indicating the fact 2 8 MAY 20Q2 - 18 1 that the
present invention is also applicable to a different nethod of arranging the
error detecting and correcting codes. 414 his enbodi ment, the ECC decodi ng
circuit 5 104 in the decoding device of Fig. 1 and the ECC encoding circuit
411 in the encoding device of Fig. 1 are |ocated upstream of the separation
circuit 102 and downstream of the synthesis circuit 412, respectively, as
an ECC decodi ff X6 96 B3y sl POEOQ dFedd e iqruiandlahemhe error
detecting and correcting codes are fornmed for the data resulted from

synt hesi zi ng & tHESIERFo RN HYA tifs L&C ddhimbidertl2 1FPItetalie @the error
information outputted 15 fromthe E%C decoding circuit 304, indicates that
an error is preféntSticthdaigtsni AldG a2t ardd e RYBMT13%% or mat i on

tputted f t he .ECC di ' it .103 .i ndj cat. t hat ny i
present it hEE dBmIOHER: o PPy bR it AT B | HEL AC 20
component by L18nD¢ GURRANENL o GLLeGtie.n Tl LG LPR| ARSI oan be

perfornmed By the sane reﬁ1acenent circui S In

According 10 6cH046.] L8l bl & semdallaiBte Al (1e ALESEIL, 4 nvent{on,

as descri bed above, by usi'ng-neans for detecti'ng and cori g_an error
caused during dnaRsels thyORcdli viely GRIAAUEH Al B PN gipdi um - and

means for replacing all z00z - 19 1 the decoded data in the

rel evant bl ock by respeehiwke1¢al W8S Birvehddua¥a cagentcedasgyl on error
i nformati on produced fromthe detecting and correcting nmeans, or other

neans i denti calecle@viele blyatther ifages delcbdihgP@eviides 402 itdn ze a
deterioration of image quality even if a correction inpossible error
occurs, apg alsyachealignelansi degectedotiyn@ @sincte siyrodll réeiddeing he smal
anount of hardware to be added. Especially, in the above enbodi nents, a 10
frequency tramsfroumtc d8flf aodenthed fe lilowting erilgnagonatodassaigfpris i s encoded
using the DC conponent and the AC conponent in separate fashion. Therefore,
when an error cagriled agtconpdhentasdsnof Wdecdeatmatafl snectDG icmmpbnent can
be used for error correction. 15 According to the above enbodi ment of the
present invention, deffBei sranissdtérdafatings fidst ypamaxaked mife? decodi ng
devi ce can be reduced. . ) ) )
separation circuit 102 into encoded data corresponding
15 to the DC component and encoded data corresponding
to the AC component. At this time, the format of
the encoded data is selected such that the DC
components and the AC components are positively
separated from each other in one synch block, for
29 €example, as shown in Fig. 2.
The respective separated data are then
inputted to ECC decoding circuits 103, 104 for
detection and correction of the error caused during
transmission. The ECC decoding circuits 103, 104
75 deliver the corrected data to decoding circuits 105,

106 and, simultaneously, deliver error information

to a DC replacement circuit 108 depending on the



(Fourth Enbodi nent) An inmage processing apparatus according to a 2p f

enbodi nent  of the present invention, described bel ow, includes neans
generating error detected informati on when a predeterm ned dynam ¢ range of
conversion coefficients is exceeded and nmeans for correcting the data

fal sely decoded, therey solving 25 the problemas set forth above. Fig. 6
is a block diagram show ng this enbodi reab. - 2 8 MAY 200Z - 20 1 In Fig.

6, image data applied to an input term nal

cosine transform( referred to as a DCT ) unit 43 and subjected to a

t wo- di nensi onal DCT for each block of 8 x 8 pixels. In this case, for

exanpl e,

transform coefficient TRe|FPRREFYivRaRRFS

PHMAY 2002

41 is delivered to a discrete

ity i sTeEppetEvet erractiansFesmlédefficient of 12 bits is obtai ned
for image data of 8 bhits. After erfornlng t he two-di nensi onal DCT, the
&

dpgagal1g08G8RPPREANEA5OThe

guanti zation step size is different for each transform coefficient. The

quanti zation SF%

RF seempRRer he?RespREt PEeCPPBRAREBENPESEFT FRPents are given

as values resulted b nult|$?g gaauantlzatlon oefficients 8enerated from

a quantlzatloncﬁﬁrﬁ% +?& RH

by 2S.

Her e,

d*ERokAPPRtFALFR SPBefEhP

#8f exanpl e,

nultlpllerfﬁ7s%%$ gf 0 Sf?é Q rg%%gr?ﬁ ??ﬁ %?e&eég Rﬁ%t?B:Yeg an

out put of the
resul ting coef I Ciéen
nunber of dat
t he anount of

3@£é%f§%°f feLLLx PQkioﬁ51R¥%2§h%89m§919S' yetget he

Te GquantT zer

quarity &nd the

aD@ {Eﬁéﬁﬁ@k@fghé*¥ﬁéf%§ ébﬁgoh@ t?nDYEtaH% F§rg§terlorates

ates . contr pendi ng on a

ue of S. wth the

scal i ng factorsémcwa&imu@aéﬁeléne@éa&eéal@yt tHBOEogHBLLLY Wih the

scaling factor S decreasing,

2002 -

21 1
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15

20

25

information cannot be of course restored.

In the case of using variable-length encoding,
for example, as an encoding method for the AC
component, it may happen that the decoded value of
the AC component does not become a true value and,
besides, even the number of data is not restored.

The respective decoded data outputted from
the decoding circuits 105, 106 are transformed by
an inverse orthogonal transform circuit 107 from
values indicating the frequency components into data
indicating a pixel value in the block. However, if
the error cannot be completely corrected by the ECC
decoding circuits 103, 104 as mentioned before, the
input value to the inverse orthogonal transform
circuit 107 is not in itself correct information
and thus an output value of the inverse orthogonal
transform circuit 107 will be data quite different
from the correct pixel data.

Therefore, when the error information produced

data is enl arged but i mge quality 2 8 MAY



5 10 Table 2
161110162440516112121419265860551413162440576956141722295187806218223 Bkl
09103772435556481104113924964788?1031211201017292959811210010399 As regards
to a DC conponent of the orthogonal transform coefficient quantized by the
guanti zer 45, a one-di nensional forecaster 53 nmakes forecast and a 15
resulting forecast error is Huf fnman-encoded by a Huf f man encoder 55 and

then outputted to the nmultiplexer 61. The Huf f man encoder 55 divides

outputs of the forecast errors into 16 groups as shown in Table 3 bel ow,

for exanple. The identification (ID) 20 nunber SSSS of the group to which
the forecasl erff&M H&CHES € PGINT 1T eHED JE Rt eherak pr@ssed by

an equi -l ength code indicati ngc any value in the relevant group.. In the case

of Table 3, th&EXEOFe YeMFEFONT tie BGuiRG SRFIP IS PR gthE 1T9LERMVal ue
25 of the group.ID nunber SSSS. 2 8 MAY 2002 - 22 1 0 15 Table 3

For ecast Error%&f’cﬁc'ﬁ"in AT e rt TACATE Fen LF?%%‘?P?% m\dHber SSSSa0-
3156, 5. - EC5, Hdeagalie’ pypeline A i that ) 105~ psss.
5117- - 256, 256 /- - 1Q237- -..512, -1l 0 0477, - 1024, 1024
A-204711- 4695'%91'3’%12’(])‘31?,“28%%’0@?&6’3%1f%fgfﬂs- B 2",416196“”? 113- 163834-
- 8192, 8192 A-| 327670 - 32767 n AC
conponent of 1 RoTBoHensS EBE" wie AT M ceict P IC b eoin B

component , the ;quiut: Qfost heAuRRY 28N 4%hd $OWPWARES 02 @lg-zag scanner

57. The zig-zag scanner 57 performs zig-zag scan froma |owfrequency
conponent to argdeRaeh- 12UeRsY tHRMRARYPHc Sy SRANdd) dien by THies eaf ter)

an out put of the zig-zag scanner 57 is
DC components.

10 With the above replacing operation, even if
the correction impossible error still remains as
mentioned above, each pixel value in the block is
given by the value of the DC component which is
representative of an average value, meaning that the

15 data can be restored to a value, though not exactly
the same as the true value, relatively close to the
true value.

The respective data are rearranged by a time
base transform circuit 109 to line up on the same

20 time base as for the video signal inputted to the
encoding device, followed by delivery from an output
terminal 110. The output terminal 110 is connected
to a monitor, printer or the like for forming an image.

According to the image decoding device thus

25 arranged, even if the correction impossible error

occurs on the transmission path, a deterioration of

image quality is minimized.



delivered to a Huffman encoder 59. Z a MaY ~o00~ - 23 1 The Huffqﬁg )
encoder 59 divides the transformcoefficients, which have the quant4 g?W@W
results other than O (hereinafter referred to as significant coefficients),
into 15 groups depending on their 5 values and sets the group |ID nunber as
SSSS, as shown in Table 4 below. The nunber of the transformcoefficients,
whi ch are sandwi ched between the precedi h§ and succeeding significant
coefficients and have the quantization results equal to O (herein 10 after
referred to as insignificant coefficients), is set as a run | ength NNNN
Then, the group I D nunber SSSS and the run | ength NNNN are conbined into a
set, as shdwn (3£ &ErpodHrentbd by the Huf f man encodi ng. Subsequent!y,
the I D nunber SSSS 15 is exgressed by an equi-] ength code indicating any
val ue in the rel evant Gtdup’ sTRWS i & FeBPRIgembedsment 08 (RS 2002 - 24 1

5 . .
present invention.

In the second embodiment of Fig. 3, the
5 function effected by the DC replacement circuit 108
in Fig. 1 is realized by a 0 replacement circuit 308.
The other circuit blocks are the same as those in
Fig. 1 and, therefore, are denoted at the same
reference numerals.

10 When the respective error information out-
putted from the ECC decoding circuits 103, 104
indicate that no error is present in the DC components
for the relevant block and the correction impossible
error is present in the AC components for the relevant

15 block, as with the above first embodiment, .the 0
replacement circuit 308 replaces all the values of
the AC components. With that replacing operation,
the respective data inputted to the inverse orthogonal
transform circuit 107 have their AC components set

20 equal to 0. Consequently, the inverse orthogonal
transform circuit 107 outputs the transformed data
such that all the pixel values in the relevant block
are given by the respective values of the DC
component, with the result of the similar advantage to

25 the foregoing first embodiment.

(Third Embodiment)

Fig. 4 shows an example indicating the fact



10 15 Table 4 Quantization Qutput Level of AC Orthogonal Transform g MAY %002
Coeff. G oup | D~ Nunber SSSS- 1,11- 3,- 2,2,32- 7"- - 4,4 ~-73- 157 - 8,

N-154- 31~- - 16,16 -~-315- 65"- - 32,32 "-656- 127-~- - 64,64 "-1277-
255~- -128,12s ~255s- 5117- - 256, 256 -~-5119- 1023"*- - 512,512 ~-102310-
2047-~- - 1024) 1024 -~-204711- 4095"- - 2048, 2048 ---409512- 8191-~- -
4096, 4096 -~-819113-16383"- - 8192,8192 »81638314- 32767~- - 16384, 16384

~-3276715 20 In the case of Table 4, the code length of the equi-Ilength
code is equal to the value of the group ID nunber SSSS. The case that the
value of the run | ength NNNN exceeds 16 is dealt with by sending a code of
R16 shown iln T B&RFessEht B §N o5 bt rattP ngPRE1EEBARt B2 fun | ength
NNNN unti |l the r%nai nder b CocﬂES equal to or |ess than_15. When all the
significant cotFFiTEht MEMIheLhIdckaBItNd bhe fETC5099teC58n913R3nml et el y
encoded, a code of EQB (End, of Block) in Table 5 is finally sent. Table 5 5
10 Group | D NuTfb&ET® °ofles. 14 150EOB12Run. noHuf f man code for

conbi - Lengt h. usenati on. of . NNNN and. SSSSNNNN14 1 6.The.mul tiplexes 61
mul ti pl exes the Huffrr;&nriSthehscoe ai%f’%’a"t‘%“glf l\%% %@}c%ﬁﬁ%%éﬂ? céﬁld-c'tlﬁg Huf f man

encoded data ?{%‘{r he A&e;o cocmaﬂ;q J&L#ngeglf béi?el 'iv%ég' h&eggcgut put

termnal 63 a addin e scafing Tactor here shows a

g:c OIC:ikg_di Z‘Qr am &, deeat o dayi €& 2P 10 £OPsRaLs PR LD EBe,£NERL Ng device

are located upstream of the separation circuit 102
and downstream of the synthesis circuit 412,
respectively, as an ECC decoding circuit 304 and an

10 ECC encoding circuit 311. The error detecting and
correcting codes are formed for the data resulted
from synthesizing the DC component and the AC
component.

In this case, the error information outputted

15 from the ECC decoding circuit 304 indicates that an
error is present in the transmitted data, and the
error information outputted from the ECC decoding
circuit 103 indicates that no error is present in the
DC components, this means that replacement of the AC

20 component by the DC component is effective. Thus,
the replacement can be performed by the same DC
replacement circuit 108 as that in Fig. 1.

According to the above first to third

embodiment of the present invention, as described

25 above, by using means for detecting and correcting

an error caused during transmission or in reproduction

from a recording medium, and means for replacing all



The transmtted data is inputted to an XOtermnal 11 and delivered to a
divider 13. The divider 13 outputs the scaling factor S to a nultipliseg MAR001
t he DC conponent data to a Huffrman 25 decoder 15, and the AC conponent data
to a Huf fman decoder 19. The Huffrman decoder 15 decodes a series of Huffnan
codes to difference values and then Z 8 MAY 2002 - 26 1 outputs themto
a difference decoder 17. The difference décoder 17 restores each difference
value to the transform coefficient of the DC conponent and then outputs it
to atermnal a of a switch 23. 5 - On the other hand, the Huffnman-encoded
data of the AC conponent is restored by the Huffnman decoder 19 to the
t r ansf or m cbef £P€i 8RCOILA: A8 tAC idpihh il evamte P logHt byt Fe shegtdvel
transformcoefficient iis reverted by a scan recovery unit 21 fromthe
zi g-zag 10 scaN@sHFPe§i¥ENabaalsy SOMPOoentssidmed 9PFegrog, A Red by
delivery to a termnal b of the switch 23. Thus, hoth the transform
coefficients of *PRePERANGRAoKERM FhE eLE 10 FETZEE TR i pl exed as
shown in Fig. 8 through the switch 23.. 15 .Th l'tiplexer 29 multiplies the
mat ri x produced*fP8m grqfi&ﬁ??:zg‘fe?&ﬁ h g cl?ﬁ'i {Q’Zflhﬁy?'?%§e§nﬂ1e&ﬂsp’uts t he
resulting products_t Laverse _quant._zer. 25. The transfaorm.coefficients
of B x Bare | KrerSePsSRibae saamhy s o BRte dOART TR o5 T S
outputted to ag,LRYelSevELSGEeLe B2HRS b2 HL3 % ¥Rkt ii_}forcfgﬁﬁtsoring to
t he i mage dat a&g? é gi ts. V\%I | € Che transtor mtpcgeflgi Ci €nt Cinverse y
and also realize an image decoding device which
requires the small amount of hardware to be added.
Especially, in the above embodiments, a
10 frequency transform coefficient due to the orthogonal
transform is encoded using the DC component and the
AC component in separate fashion. Therefore, when an
error in the AC component cannot be corrected, the
DC component can be used for error correction.
15 According to the above embodiment of the
present invention, deterioration of an image quality
of the image decoding device can be reduced.
(Fourth Embodiment)
An image processing apparatus according to a
20 fourth embodiment of the present invention, described
below, includes means for generating error detected
information when a predetermined dynamic range of
conversion coefficients is exceeded, and means for
correcting the data falsely decocded, therey solving
25 the problem as set forth above.

Fig. 6 is a block diagram showing this

embodiment.



guanti zed by the inverse quantizer 25 is outputted to the inverse di Sgé‘ﬂA?'lUU’l
cosine transformunit 31, it is 25 also outputted to a judgnent unit .
The image data restored by the inverse discrete cosine transformunit 31 is
outputted to not only a termnal a of a switch 2 8 MAY 2002 _ z~ _ 1 39
but also a frane nenory 35. The frame nenory 35 delays the inage data by a
time period of one frame and then outputs2®he del ayed data to a termnal b
of the switch 39 for the purpose of using it as 5 correction data when an
error is detected. The judgnment unit 37 conpares the transform coefficient
w th a predeterm ned dynam ¢ range and outputs the judgnment result to the
switch 39. Assumi ng nown Hatd « He diyfrge dahgerpiiad te adfdREVEOefficients
is 12-bit, for exanple, if the transform coefficient exceeds 12 bits, this
| eads to a judgr@mindat? lanterdorivaredckrd AiFarehe ¢9aHR%i S5rBRIPENN.
When the result of the judgnment unit 37 judges the occurrence of an error,
the 15 switch égrei%e’%?%dng"&j Hvér Bor) fect? o?d oSy REe e bpdi FRI 2b so t hat

the current imge data is. replaced the . e dat t the sa | ocati on
of precedi ng one'¥T .“S\N?é"'r‘?p]t HE S FR°H KEIFE Phel pF el etEebF - no error,
the switch 39 is changed over_for 20 connectipn to the termpal a. The

i mge data Q,hos%‘ etp’rlﬁ GREE p ST BHFWNRd f‘hrﬁjgﬁu?lﬁ%s%%/i {13‘393@ i's
delivered to an output_ termnal 33., It eedl ess t.o sa hat _al t hough
this enbodi nen&rr?arksgus?ré" ccé)ig}fre}%tclloenntusolfngf%r%%gépl%fo%'f?(le'l\/%é 2§°5f pr ecedi ng

one frame, the gche [ rformed by using other group of surrounding
pi xel s whi ch has eg?éctgdpre ?tﬁ%ngé)'l n this case, the frame nenory 35 2 8

MAY 2002 - 28 1 for Stagridid ddiedrihdfy dH& oo P Sr& fWh QD epét anengan be
di spensed with and, as a result, the circuit

transform coefficient is linearly quantized by a

10 gquantizer 45. The quantization step size is different
for each transform coefficient. The quantization
step sizes for the respective transform coefficients
are given as values resulted by multiplying quantiza-
tion coefficients generated from a quantization

15 matrix unit 49 and shown in Table 2 below, for example,
by 28. Here, S is called a scaling factor and out-
putted to not only a multiplier 47 but also a
multiplexer 61. The multiplier 47 multiplies an
output of the quantization matrix unit 49 by ZS and

20 delivers the resulting coefficient to the quantizer
45, Thus, image quality and the number of data
generated are controlled depending on a value of S.
Specifically, with the scaling factor S increasing,
the amount of data is reduced but image quality

25 deteriorates. With the scaling factor S decreasing,

the amount of data is enlarged but image quality

ameliorates.



configuration is sinplified. Further, although the above judgnent has been
made by using the frequency conponent before transforminto the actugiMAY 2002
space, the inage data after being restored to the real space through the
inverse DCT may be instead used. The above judgnent is performed for each
10 pixel and, if an error is found in at |east one conponent in the bl ock,
the entire block is replaced by the inaqf data of the preceding frane.
Alternatively plural blocks or an entiTé€ % of one picture may be repl aced.
15 In addition, the orthogonal transformis not limted to the DCT and may
be any other sL~itable one such as an Adamar transform In place of Huffman
encodi ng, other nmulti value data encoding, arithnmetic encoding or the |ike
20 may al sb be used. Wth this enmbodiTHte thus arranged, since there are
provi ded error detecting neans specific to the decodi ng pfocess and error
correcting means, inmage |[qudfitylcadObel6i nptty é@evéhteglf’on1deteriorat 25
i ng when an error occurg. As expl ai ned above, according tp the fourth
enbodi ment of the present navemgi omd i19i s2possgbl eot 055

14 13 16 24 40 57 69 56

i 14 17 22 29 51 8 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
10 72 92 95 98 112 100 103 99

As regards to a DC component of the orthogonal
transform coefficient quantized by the quantizer 45,
a one-dimensional forecaster 53 makes forecast and a
15 resulting forecast error is Huffman-encoded by a
Huffman encoder 55 and then outputted to the multi-
plexer 61. The Huffman encoder 55 divides outputs
of the forecast errors into 16 groups as shown in
Table 3 below, for example. The identification (ID)
20 number SSSS of the group to which the forecast error
belongs is first Huffman-encoded and then expressed
by an equi-length code indicating any value in the
relevant group. In the case of Table 3, the code
length of the equi-length code is equal to the value

25 of the group ID number SSSS.



2 8 MAY 2002 - 29 1 prevent a deterioration of inage quality ogmqqmi
and reproduce good i mage qual it

caused by the occurrence

of an error,

(Fifth Enbodinment) Fig. 9 illustrates a bl ock di agram show ng a

configuration of a fifth
210 is an input term nal
converter for converting
signal, 214 is an encode
ef ficiency,
addition circuit for add
transni ssi oh error which
such as a nagnetic tape

system such as an optica
transm ssi on path which

recor di ng/ reproduci ng 20
a comruni cation/transm s
conmmuni cation satellite.

correspondi ng to the ECGC

correspondi%g-to the enc
error corrected data to

1 error correction inpos
whi ch cannot be correcte
del ayed t hrough frane ne
and then supplied to a s
226, 228 are frane nenor
FIFO (first-in first-out
for detecting 10 correla
out put of the frane nmeno
is a correlation detecti
bet ween outputs of the f

15

20

enbodi nent of the present i
for an anal og i e signal,
t he anal og inﬁggﬁgrgnal i nt
r for encoding the digital

ing an ECC so

yetect a
may be cause

PR

nvention. De

oo

not ed at

212 is an A/D

o a digital
mage si gna

nd correct a

10 i mage
wi th high

and 216 is an ECC (error detecting and correcting code)

N a recordi ng/ reproduci ng system

r optical disk, a conmmum cation/transm ssion
Hofetasf Exrowind£abd on sat ghiduw, IRtc.| 218 is a
S yarrexcfta wald ftémn Quan f b @ of Nember SSSS
I m such as—anagnetiec—thpe—or—optical di sk, or
5ion system su as an opticpl fiber or
Denoted at 220 is an ECC defoding circujt
addition circyiyjt 216 ( and R5 2221is a fdecoder
Bder 214. The ECC decoding cfrcuit 220 outputs the
he decoder 322228nd out puts gn 2s Mar| 200i - 30
5i bl e signal (flag) for the data includihg an error
H. The? er'ror ThitrectTon i mpossi bl e3signal (flag) is
ori es. 233, 23p.,by a_tine, 5 period, of twp franes
Mﬁtchfiontrol g?rcuit 2361§escribé% | atef. 224,
es sgjially_ijghgrcosnectgd pnd eagh conprising an
P menory. 230 is a correlatipn detecting|circuit
L1 on- B&t-ween—a38,3aut put of 685 hp decddler 22 and an
'y 224, i.e., interframe corfelation, whereas 230
ng TilFEurt fob48étectinglPhterfrang corrplation
'arrgzggrrgrl gslzgaégang 22(355 8
—511 ~ -256256 ~ 511 9
-1023 ~ -512512 ~ 1023 10
- 2047 ~ -1024,1024 ~ 2047 11
- 4095 ~ —20482048 ~ 4095 12
— 8191 ~ —4096,4096 ~ 8191 13
— 16383 ~ —81928192 ~ 16383 14
- 32767 ~ — 16384,16384 ~ 32767 15

As for an AC component of the orthogonal

transform coefficient except for the DC component,

the output of the quantizer 45 is outputted to a

zig-zag scanner 57.

zig-zag scan from a low-frequency component to a

25

high-frequency component as shown in Fig. 7.

The zig-zag scanner 57 performs

Thereafter, an output of the zig-zag scanner 57 1is

delivered to a Huffman encoder 59.



15 234 is a switch for selecting any one of the outputs of the frame 28 MAY 2002
menori es 224, 226, 228. Depending on the error correction inpossible flag
fromthe ECC decoding circuit 220 and the detection results of the
correlation detecting circuits 230, 232, the switch 20 control circuit 236
changes over the switch 234. 238 is a DA converter for converting the data
selected by the switch 234 into an anal-og3si-gnal, and 240 is an out put
termnal for the reproduced analog image signal. 25 Fig. 10 shows an
exenplified circuit configuration of each of the correlation detecting
circuit 230, 232. 242, 244 are input termnals for 2 8 MAY 2002 - 31 1
respective l nage data, ThRedHd46mba ansbbetracbed iladesalttel atriame fidien

di fference between the two i mage data applied fromthe input term nals 242,
244. 248 is ancedfificaadt@50which Dakki phel gqpahanzheddnngeaulisout put of

t he adder 248 back to the adder 248 while delaying it by a tinme period of
one sanpl e. Thethddeth2d80afberhénBitkrprefeprr280 tooagesdign itfd camtst i t ut e
an accunul ator. An output of the adder 248 resulted from addi ng the current
out put of the ¢0egfibeianten ,248tand St bxoppscddprgdang- Pnartbedat put t her eof
is delivered froman output termnal 252. Operation of this enbodi nent
shown in Fidy. Y2hpes apd Betdesbei BEEUPTRR AUDbesnesr 65531 2ss Shgiwes t he
anal og i mage signal, applied to the input termnal 15 210, at a
predet erm ned 3anprPhg fabPeleyr cERGePEMRETi PLi Abg Arangifeam signal of 8
bits or 16 bits. The encoder 214 conpresses  the digital inmge signal

out putted fronfPREfAFECRbAVEYREFR225® AgREM)CheAcbBEYeeRe thifgi t al i mage

signal with high ef lcienCé througg.ZO DPOM_%ncoding or. ADCT encodi ng. This
enbodi nent i s ROECFRLRP| RRRISHGCERE PP p81EP LhtGRNEt FPEEEACIERESdi ng i tsel f.
The ECC additign.circuit, 216 adds_the errar tectin nd .cqrrect.i ng code

i n accordance %??hh%S%ré et arat' éaaﬁ%?ﬁoa?sﬂg%fh8q863p39 8fq%ﬁ§ﬁ%ﬁf

addi tion gigrcui 6. Ll t{ed Lo, : di isr Gul 20 via the
transnissign p%%ﬁg%lﬁé?%kgﬁg_}grﬁ%o%ﬁgggggg%ggﬁglngfgﬁc%%b%f§02 - 32 1
reproduci ng sYed €y or o £ OFTHEL C8LhGRAL RARKTT STHAR  SERLCTroRY iz o
transm ssion through the transm sSion path 218, there occurs a transm ssion
error at certahimpéPbebssi bxa ThHe EGh dergdhnNBNAN aiHel c&2®inlecks

into a set, as shown in Table 5, followed by the

Huffman encoding. Subsequently, the ID number SSSS

15 is expressed by an equi-length code indicating any

value in the relevant group shown in Table 4.

20

25



5 the data inputted fromthe transm ssion path 218 for detecting
presence or absence of an error,
can be corrected or
after correcting the correction possible error.
i npossi ble error is found,
circuit 236. The-dééoder
data conpressed by the encoder 214 and outputs the original

error

to the switch contro

not ,

the position of the error,
foll owed by delivery to the decoder 222

10 When the correction

the error correction inpossibe flag is outputted
222 decodes (expands) the

15 i mage data

and

\/\/?\26%4’/ 2002e

to both the franme menory 224 and the correlation detecting circuit 230.
Since the frame nenories 224, 226, 228 are operated in an FIFO manner and
cascaded té each other, the inage dat&2Biesticcessive three frames are

sequentially stored in

detecting circuit 230 d
out put of the decoder 2
frame nmenory 224), wher
correl ati on between the
224) and the frane prec
2 8 MAY 208 - 33 1lre
decoder 222). The corre
frame of differences be
inputted S thereto, and
frames. The switch 234

menories 224, 226, 228

226. 10 The switch cont
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i npossible flag fromth
of the preceding pictur
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Stated otherwise, in re
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Can sefeet anyg@ne of thelsu
and normal |y sel ects the out
rol €Btctit 236,16an i nd 8he
'ror over the picture based
p ECCB%evodi n@28@r cuitt 2265
b and the succeedi ng 15 pict

becT 126 The o®d@dt prctutdio

sy AR
i.t, 220, i
oy 220, L a L ool

of _conpges a

5 a,Rbgher d
:iata16 out pu tﬁgﬁzfromthe S

thegypproduged 1998l 09 ixgege
240. 2 8 MAY ~Oz - 34
— 4095 ~ —20482048 ~ 4095
— 8191 ~ —-4096,4096 ~ 8191
~16383 ~ —81928192 ~ 16383
—32767 ~ — 16384,16384 ~ 32767

ion i

put o{ t he

b frane nenp
he oujput o
D, 232 each

b signal s of
bl ati on bet w
puts 4romt
but of the f
posi tdon of
bn the error
bnd al&o fin
ire has a hi
the frane

circuits 23
ssi bl
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h at the sani
ion. ,Jhe DY
M tch 234 in
signgf is o
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f rame nmenory
'y 226) with
[t he

5t ore one
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ben the two
ne frame
Fane nenory
t he
correction
l whi ch one
pher degree
renory 226,
D, 232.

e flag 20

B6 changes

P position

A converter

[ 0 an anal og
Ut put t ed

the case of Table 4,

the equi-length code is equal to the value of the

group ID number SSSS.

The case that the value of

the run length NNNN exceeds 16 is dealt with by

the code length of

sending a code of R16 shown in Table 5 and repeatedly

signal, follow ng which
fromthe output term na
15
20 In
25

remainder becomes equal to or less than 15.

subtracting 15 from the run length NNNN until the

When

all the significant coefficients in the block are



1 (Sixth Enbodinment) Fig. 11 illustrates a bl ock di agram show ng a
configuration of a sixth enbodi nent of the present invention. This 2 8 MAY 2007
enbodi ment adopts an ADCT nethod 5 as a high-efficient encodi ng nethod.
Denoted at 1110 is an input termnal for an analog i mage signal, 1112 is an
A/ D converter, and 1114 is an encoder of ADCT type. The encoder 1114
separates the input data into a DC conpeneéist -and an 10 AC conponent through
a DCT transform nade for each DCT bl ock, e.g., 8 x 8 pixels, perforns DPCM
encodi ng on the DC conmponent between the current DCT bl ock and the
precedi ng DCT bl ock, and sinul taneously perforns run-length processing and
Huf f man encddi n§°BR1eRELACEN5088R/poReFPdel PE6EPS 4FnEcof( dlosk)det ect i ng
and correcting code% addiition circuit for adding an ECC to the respective
encoded out put siBf TeRéeAe dembdReALYas8 the DC conponent from the ADCT
encoder 1114. 1118 is a transm ssion path or system 1120 20 is an ECC
decoding circuit corresponding to the Egg,addgtion circuit 1116, and 1122
is an ADCT decoder corresponding to the ADCT encoder 1114, 1124 126, 1128
are frame nenories |serially interconnectedupndperRahbe@nBisissi ng an| FI FO
(first-in first-out]) menory. 25 11291130 -are—f+arwe—rerprtes—of—F| FO type
for del ayi ng the D conmponent outjpupted fnonpthe.ADCT.deqadensll 2P by a
time period of one Hf+arme—anRd—are Z Mar—z062 35—3—<caseaded| f or
detecting correlatijon. 1131 [i soa [cBoBe] ati on detecting circuit fof
detecting interframe correl gH+or—petween an output of the decoder{ 1122 and
an output of a frame nenory 1129, wherjeas 1132 5 is a correl ation|detecting
circuit for detectilng interflrabe fcorrel ati on between outputs of the frame
menories 1129 and 113Run| 134 is al switichHeéfmgal gediend oany ogbd —of | t he
outputs of the framd-emgbhi ds 1124us¢lPenatro8. obe NG B8§dosSSIFe grror
correction 10 i npogsi®VNf| dg from t hel ECC decoding circuit 1120 and the
detection rngsults qf the corjretatjon detecting circuits 1131, 113p, a
switch control cirquit 1136 |changes ovler the switch 1134. 1138 isja DA
converter for convarting thg 9§ta gﬁ%ected by the swtch 1134 15 {nto an
anal og signal) and 1140 is gn-outjp tlermnal for the reproduced anal og

i mge signal. Specific operation of this enbodi nent shown in Fig. 11 will
now be described. The A/D converter 1112 converts the anal og i nage signal,
applied to the 20 input termnal 1110, into a digital signal. The ADCT
encoder 1114 carries out a DCT transform.on the digital inmage signal
outputted fromthe A/ D EBRvERLEAPLEKRTT S @&éHlBéPWﬁ%xﬂP%nﬁafﬁmﬁﬁ'the DC

conponent is subjected to DPCM encodi ng between the current 25 bl ock
and the préé%diﬂécﬁﬁﬁdbﬁﬁﬁﬁ,°§n§hFhQQA CFBRBERENL T %5ﬂﬂqgﬁéﬁga7)

run-length procgssi gg,and uLEmg encodi g, The QR 0] o Hdfdeyt 118

to an output terminal 63 after adding the scaling

NJ

n Ny 2002

factor S thereto.
Fig. 5 shows a block diagram a decoding device
20 in cooperation with the encoding device of Fig. 4.

The transmitted data is inputted to an XO
terminal 11 and delivered to a divider 13. The
divider 13 outputs the scaling factor S to a
multiplier 29, the DC component data to a Huffman

25 decoder 15, and the AC component data to a Huffman
decoder 19. The Huffman decoder 15 decodes a

series of Huffman codes to difference values and then



2 8 MAY 200; - 36 1 adds an ECC to the AC conponent output and the, DC
conponent output fromthe ADCT encoder 1114. The output of the ECC AG(NAYiZﬂ[H
circuit 1116 is inputted to the ECC decoding circuit 1120 via the

transm ssion path 1118. The ECC decoding circuit 1120 checks the respective
AC and DC conponent data inputted fromthe transm ssion path 1118 for
detecting the presence or absence of an @& or, the position of the error,
and whether the error can be corrected or 10 not, followed by delivery to

t he ADCT decoder 1122 after correcting the correction possible error. Wen
the correction inpossible error is found, an error correction inpossible
flag i s deliayeduthubsghhémate aseddfifesente@3detbderby7a timme period of two
frames 15 and then supplied to the switch control circuit 1136. The ADCT
decoder 1122 péifbenmenbPRCikedededi AJ amesttoe elSC eawhp dricfifte rexmat eb stall uduf f man
decodi ng and run-1ength decodi ng on the AC conponent, followed by an

i nverse DCT transthentfensfesmorcord fticiene 2F dhiegiDfalcompegendateand The

i mge data restored by the ADCT decoder 1122 is applied to the frame nenory
1124, whereas thenDougpHpsnéfit tbehotenmiaailngerde aDEWitticingfBorm i s appl i ed
to both the franme menory 1129 and the correlation detecting circuit 1131
for the 2535DC conponenP! hiewptherhBapdamihgefpfifagnrepcodegd daxa in Fig.
10, the franme nmenories 1124, 1126, 1128 respectively store the i nage data
of successive °f2the\AG sppponest ig grsioredabys the Hufdggendesodtmner .
The frane nenaéges 1129, 1130 _are al so _cascaded to stqre the DC conponents
of adjacent twb’fFRmEREoATANEEGFBLGORLEHE GRS OF A AC CREPBRS rponent ,

the 5 correl at] detecting circuit 113l detects correl.ation hetween the
current frame %?Eﬁro%?ﬁ%f gPetﬁ853858éeFrfPf§fryn&°Fﬁ 1FF§H& priecedi ng one
(the output of _th [ mory 112 wher ea eccorrelatiaqn detecting
circuit 1132 dﬁ%%g éeggsyggaFFéﬁ Eggéggﬁytﬁglﬁrggbffenbr Eb&ﬁﬁgzgﬁb (the

O Pht 1 Ahe BEAERAELREY %R0t bt B LBgE o (11 outout
followed by delivery to a terminal b of the switch
23. Thus, both the transform coefficients of the
DC component and the AC component are multiplexed as
shown in Fig. 8 through the switch 23.
15 The multiplexer 29 multiplies the matrix
produced from a quantization matrix unit 27 by Z—S
and outputs the resulting products to an inverse
quantizer 25. The transform coefficients of 8 x 8
are inversely quantized by the inverse quantizer 25
20 and outputted to an inverse discrete cosine transform
unit 31 for restoring to the image data of 8 bits.
While the transform coefficient inversely
guantized by the inverse quantizer 25 is outputted to
the inverse discrete cosine transform unit 31, it is
25 also outputted to a judgment unit 37. The image data

restored by the inverse discrete cosine transform unit

31 is outputted to not only a terminal a of a switch



The correlation detecting circuits 1131, 1132 may be the sane circuit
configuration as that shown in 15 Fig. 10, and each store one fra &@
differences in the DC conponent between the correspondi ng i mage 5?3%@ Y&ml
two frames inputted thereto. Thus, a degree of correlation between the two
frames can be deternined. 20 The switch41134 can sel ect any one of the
outputs fromthe frane nenories 1124, 1126, 1128 and normally sel ects the
out put of the frame menory 1126. The switch control circuit 1136 controls
the switch 1134 in a |ike manner to the switch control 25 circuit 236 shown
in Fig. 91 SpttiPitaft§O #ofrene BePBFYcéprectNenfrAPEsEPAPEYdabta, the

swi tch contro ilrcu ﬁ 1136 engbles to sel ect the i_nage data at the Z a
MAY 200i - oéW??Sn B3R3tRE Bi LilPePRRACA RIsCRehiLFREE degree of

correlation Th A con 38 conv s.the image data outputted from
the switch 11 B a 33 Bgtg?gﬁﬁﬁayﬁg 58&Pn§°mﬁ| frefaa }egroduced 5

| ted f t he_out t | 1140. Wth thi
22§oﬁ?néﬂ?g§h§%%9?% e3Pk D8h Fie B, PFRBRBROr. \Babcitaty using the bc

conponent  cogselalisp 5L EG) {8830 Becger (0T gRdopes correctly 10 and,

therefore erpolration can i Aoa"nore natural manner. V%lle

the il ust rat e embodiyggny %aaféyggﬂan@ 39" EShAbLe dRLeSLbAg RO (s

di sposed on the decoder e receptro those Circuits 15 may

be di sposed 08béﬁ€1895999&1§hd§ ﬁPédé?@r&Eﬁ@é H?ﬁﬁh@@ §hﬂ@£ afgas to

transmt information of interframe correlation frane by tranme. This
remar kably cudu€iowrs t fige elaGAEAL DUEAER 8 RRebBWAE@cAN3Bhe reception side.

Accordingly, this nodification is 20 fit for such a transm ssion system
that is directed to aasuenHUABRI tRA LI €B8I ¥9hSmhitkeahyebbgadcasti ng
10 transform coefficients is 12-bit, for example, if the
transform coefficient exceeds 12 bits, this leads
to a judgment that an error has occurred in the
transmission path. When the result of the judgment
unit 37 judges the occurrence of an error, the
15 switch 39 is changed over for connection to the
terminal b so that the current image data is replaced
by the image data at the same location of preceding
one frame. When the judgment reveals the presence
of no error, the switch 39 is changed over for
20 connection to the terminal a. The image data whose
error has been corrected through the switch 39 is
delivered to an output terminal 33.
It is needless to say that although this
embodiment makes a correction using a group of pixels
25 of preceding one frame, the correction may performed

by using other group of surrounding pixels which has

high correlation. 1In this case, the frame memory 35



and requires the small size and reduced cost of receiver units. Acco gi
to the fifth and sixth enbodinents, 25 as will be easily understood d@ﬁzmz
t he above descrip tion, since information of interframe correlation is used
to interpolate the error correction inpossible Z a May zooz - 39 1 data,
it is possible to make the perforation ify,a nore natural manner and provide
a reproduced i mage (received imge) with Tess unnatural ness. (Seventh

Enbodi ment) Fig. 12 is a bl ock diagram showi ng a seventh enbodi nent of the
pr esent invention. Transnitted data applied to an input termnal 631 is

decoded by. a e‘_crp{ h u ngt h of
the data i% out putt Lﬁ?l%an{ga?hglag%%codiné Frgméog%ﬁ? 632.

The counter 632 @q@dm%ﬂlm botd 4 hge Qi - £ﬁ§9£br@@9tthe nurber of
DPCM codes until arrival of a reset synch bit. In er words, the counter

632 counts thedpradeirtidiedHwhes1 ofidd xel s in a processing unit. 15 The
nunber of pixels counted by the counter 632 is outputted to a conparator

636. The conparator 638y esl tHsud eded efsBPed haghenh t OhaHi ¥eks set by
a processing unit setter 634 and the nunber of pixels outputted fromthe

counter 632, fmadeely 2Adioig piHd i Meduernty dompage®f Bebbiet Oranspbimh 640.
Stated otherwise, if both the nunbers of pixels are not in match with each

ot her, then aihltat the settUssSespare | udgs nndde qa €8 eafeepfbabnegrror.
Meanwhi | e, the DPCM code decoded by the run 25 |l ength decoder 633 is
out putted to trestoREed decodey 1638 apkdarthmyuglecddedinversageCdat a. The
i mge data outputted fromthe DPCM decoder 635 is delivered 2 a Mar iooi
may be instead used.
The above judgment is performed for each

10 pixel and, if an error is found in at least one
component in the block, the entire block is replaced
by the image data of the preceding frame. Alternative-
ly plural blocks or an entirety of one picture may
be replaced.

15 In addition, the orthogonal transform is not
limited to the DCT and may be any other suvitable one
such as an Adamar transform.

In place of Huffman encoding, other multi-
value data encoding, arithmetic encoding or the like

20 may also be used.

With this embodiment thus arranged, since
there are provided error detecting means specific
to the decoding process and error correcting means,
image quality can be simply prevented from deteriorat-

25 1ing when an error occurs.

As explained above, according to the fourth

embodiment of the present invention, it is possible to



- 40 1 to a delay unit 638. The delay unit 638 delays the inmage data by a
predeterm ned anount of delay caused in the conparator 636, to therezy

match the timng between the error flag and the image data. The i mag %NMYZWD
data outputted fromthe delay unit 638 is delivered to a contact a of the
switch 640 and, simultaneously) to a one-line delay unit 639 so that the
sane image data is delivered to a contadt 15 of the switch 640 after bei ng

del ayed by a tinme period of one line. 10 Wen the error flag outputted from
the conparator 636 indicates that no error has occurred, the swtch 640 is
changed over fg@v%ggn%cti n_t.o th contact _a. \Wen .an error_has occurred,

t he smﬁtchL548 S changg§%8§€PrPoﬁogoﬁﬁeépﬁgﬁ &0} %xﬂﬁ@ﬁﬁwi§%o that the
15 current Mg dal 3, $neCBlRued Rt ! Be WIRAS. 43! A By MEGEANG, One | ine

t
for correction. her "case, the correct oOr cor’rec i‘mage tais

delivered to Ut;pUt, et ' 637. It is needless to say that while the
above 20 enboggﬁgn? i?eeggggﬁﬁgd as using the encoding nethod in

conbi nati on of pRCM %R%BQER%nQWd run-length encoding, this enbodiment is
applicable to all the nmethods that use run-length encoding, such as one in

whi ch run-1ength encogiiRg ios 10aLkeraREsab! 81 oRlid BAGYIAM Zhdw A fPr m
encodi ng. Al so, the principles of this enbodi nent can be enpl oyed in any of

the foregoi ngcerktaduFartisnas el lrif th2 eRoMAYme@@X of 4he pASLascribed
above, according to the seventh enbodi ment of the present invention, it is

possi bl e to praventiandet penorad at @0 MBgEngUalputty teiteind Segaused by
the occurrence of an error, by providing 5 error detecting neans
specifically adaphedofoimthe prhaneds afl2ddeoadnng /murcdmrgiterxcatas. (Ei ghth
Enbodi ment) Fig. 17 is a bl ock di agram showi ng an encodi ng nmet hod whi ch
conbi nes twosgconvertinige tbet hogdogl if@ger adghelmisntcodi rgigdetadiod and t he
run-1ength encoding nethod, with each other. Imge data applied to an input
termnal ydl imadevisdedailnt 8141 dskenbgngolleacfofroemmadoimairtiite 713 such t hat
a raster series of Fig. 18Ais turned into a plurality of blocks as shown
in 15 Fig. 18BighfaghpmaggsEigeadhvwiitbcRigbnplifsesdedqy xand noké zont al and
8 pixels vertical. The pixel data in _each block are transforned by a

transf or m decd8ePn7E5C TREXPraRStELHIAEc A8 CPTSeSipINg £ofa ) ansf or m

encodi ng nethod_cal.led a discrete cqsi.ne transform (DCT) encodin
GEneraI?y, asagﬂ&ﬁﬁOPnC¢F§9l%gﬁofhgggdﬁﬁfFEi ss8b%£ ﬁ%ﬂ ‘%?%Ub% t he DCT

transf or m of thﬁ i mage dat a,exhi_bi.t LOM/resqut%pn in thqxgbli di rection

and has the sRAPI SPEREGH PUGESRETCRE 198 REGRE: “PreiLaRY CoRpUmat . Those
coef i ci ent s oft ai ped LAGANODCLIBABET 1 393EaRMLAS YT ikfghdvsd

quanti zerl¥177 The quanti z ansft or mcoéfficients
tape or optical disk, a commumication/transmission
system such as an optical fiber or communication
satellite, etc. 218 is a transmission path which is
practically in the form of a recording/reproducing
20 System such as a magnetic tape or optical disk, or
a communication/transmission system such as an
optical fiber or communication satellite.
Denoted at 220 is an ECC decoding circuit
corresponding to the ECC addition circuit 216, and
25 222 is a decoder corresponding to the encoder 214.

The ECC decoding circuit 220 outputs the error

corrected data to the decoder 222 and outputs an



2 8 MAY 2002 - 42 1 are scanned by a zig-zag scanner 717 in zig-zag

fashion as shown in Fig. 20 for the reason that the probability of thPBhMY
occurrence of 0 is increased at the higher frequency conmponent. Such 2007
zi g-zag scan 5 results in successive appearance of Gs. The zig-zag scanned
data is applied to a run-length encoder é 1 to forma set of the nunber of

Gs and the coefficients other than 0. Up fhe conpl etion of processing of
one bl ock, an EOB code is outputted. An entropy 10 encoder 723 assigns a
short code to those codes having high occurrence probability and a | ong

code to thaose codes having L ow occurrence probabi follomed by delivery
to a transﬁiss?BﬁofoFﬂﬁFegﬁF?“72@p°?ﬁébi?a§%ﬁP§ 63E¥89 Tukfe 725

del | the data 15 from tput t 727 dd h bit
for every sevePsFeoFBekidadoHiuReFa e 185, c4fig? b8 rBSTeBtot i agr am

show ng a conf&guratlon decodi ing devi n.cooper g wi th the
encodi ng device %feff%r i?rr?ﬁ 139t ?3ﬁ§ﬁ$?t53956 tﬁ? &Stransnission

path is applle&le égpgﬁﬂﬁegggm mZé% gecogggodgss ag ent ropy decoder

733 to a run- Ieng e run- 't Gr s runlength

decodi ng. and q éP & 6Pet98099§9ega£§dt9hﬁﬂ §§ﬁ%9¥8&5% BgséﬁQcica””er 737

and, S|nultane us out puts the sum of e nu in arun and the

nunber of is o &@Erébael,f?cuitezaetasseynb@a Phrer? 82MAY 30Q2 43 1

transform coefficients, to a counter 753. The counter 753 counts t he nunber

of transform cgef ft&m@ﬂﬁéméPie§a§@rP£§ﬂ?t?ﬁﬂb?égnﬁéEt@Q ahdt le@en Assum ng
now t hat the predeterm ned period of tine 5 is one block, a processing unit

setter 755 set&ofdrediny iR ?h@onuﬂbﬁgtOintfa9§£06ﬁtqoméhb%yents A
conparator 757 conpares a value inputted fromthe processing unit setter

755 with a val2® i npuateshrfeDatidbe devsteing53irthiboEbrt Betealtuasy are in
et en 10 correlation between an output of the decoder 222
and an output of the frame memory 224, i.e., inter-
frame correlation, whereas 230 is a correlation
detecting circuit for detecting interframe correlation
between outputs of the frame memories 224 and 226.
15 234 is a switch for selecting any one of the outputs
of the frame memories 224, 226, 228. Depending on
the error correction impossible flag from the ECC
decoding circuit 220 and the detection results of
the correlation detecting circuits 230, 232, the switch
20  control circuit 236 changes over the switch 234.
238 is a D/A converter for converting the data
selected by the switch 234 into an analog signal,
and 240 is an output terminal for the reproduced
analog image signal.
25 Fig. 10 shows an exemplified circuit

configuration of each of the correlation detecting

circuit 230, 232. 242, 244 are input terminals for



10 with each other, then it is judged that the data has been transm{ted
without errors. If both the values are not in match with each other,2 8 2002
it is judged that an error has occurred. Either judgnment result is

outputted to a delay unit 759. The delay 15 unit 759 del ays the judgnent
result by the anbunt to be paid off by proceeding through an inverse zig

zag scanner 737, an inverse quantizer'7§§ and an inverse transform encoder
741. On the other hand, the inverse transform 20 encoder 741 outputs the

i nversely transfornmed pixel data to one termnal a of a swtch 763 and al so

to a frane nmegpry. 761. The fra menor t.he pi xel data, ich are

del ayed by a ??ﬁéeﬁg%VSd18F98n§§FPan€“¥hé?§tﬁPoEgﬁP%FEaFﬁérbp%E% ternminal b
of the switch .Dep [ n_the judgnment result outputt fromthe
del ay unit 75§%§Fég§§vﬂ9§c%p’%ggsfgleggf‘get ﬁgqf”grer?i r'fg'le ézwfoor‘""%gper gjgaettaer ni ned
period of ti 2 - . nLLor i, fo and the
termnal b fggpgqgggdgggﬁ %ﬁ%eéggéFiSgégﬁ%Fﬁ%egﬁﬁénzéﬁ'er%E%i%?found. I n

other words, HRoBqkBE ggauLEENge gf 3?%@@9&0& 28 C il g MRYe data is

replaced by the image data of prece rame for correctiton. A raster
formation uni 5y {g3+CBRVRRESaliA®r 248 back to the adder 248 while

delaying it by a time period of one sample. The
adder 248 and the D flip-flop 250 cooperate to
constitute an accumulator. An output of the adder
248 resulted from adding the current output of the

10 subtracter 246 and the preceding one-frame output
thereof is delivered from an output terminal 252.

Operation of this embodiment shown in Fig. 9

will now be described. The A/D converter 212 samples
the analog image signal, applied to the input terminal

15 210, at a predetermined sampling rate for converting
it into a digital signal of 8 bits or 16 bits. The
encoder 214 compresses the digital image signal
outputted from the A/D converter 212, namely, encodes
the digital image signal with high efficiency through

20 DPCM encoding or ADCT encoding. This embodiment is
not restricted by the type of high-~efficient encoding
itself. The ECC addition circuit 216 adds the error
detecting and correcting code in accordance with a
predetermined method.

25 The output of the ECC addition circuit 216
is inputted to the ECC decoding circuit 220 via the

transmission path 218 in the form of a recording/



bl ock series back into the raster series,

foll owed by delivery to an out put

termnal 743. As described above, according to the eighth 10 enbodi ngnt of

t he present

invention, a deterioration of inage quality otherw se c

the occurrence of an error can be prevented with a sinple hardware

4AY 1390

construction, by providing error detegtP?g means specifically adapted for

the process of run-length 15 decodi ng.

shoul d be understood that the

error correction in the foregoing enbodi nents may be perfornmed by using any
of the imge data of preceding frane and the i mage data of preceding field.

enbodi monts. P Cor B o sEE Ok S0k ntSa st FdabfibRTaha Coope”

enbodi nent’s an

can ous

y ina scope

defined by thﬁﬁ%%%?Pheﬂufiﬁ'”Eraﬁgﬂ%E%QQR'LMro@ﬂ%igﬁ@bEQQB%ﬁ9§s9Enthe

foregoing 25 €

i nvention.
conpri si ng:

ments are covered by the pri €s 0 e present

&%@h“@@é?OQEefe4éccS}é'QEEr&nmﬁﬂs£§@H?e9589€§§iB%ﬁﬁg dratus
for ded iC

recel vi ng neans recel ving encoaed | mage dat a are

encoded i nto grdkogenaty  r afgk orsrceelda shgnt s-byi¥sbpg enthrgonal
transformin a predeterm ned bl ock unit; error detecting neans for

detectingsa t#pda 681 OMp@E£Od PfohNenENELPLRSmi &BYSndphdh EBl #6ikng nMeans

for replacing only a part of the orthogonal

error block detecting the presence or absence of an error, the

10

15

20

25

position of the error, and whether the error can be
corrected or not, followed by delivery to the decoder
222 after correcting the correction possible error.
When the correction impossible error is found, the
error correction impossibe flag is outputted to the
switch control circuit 236.

The decoder 222 decodes (expands) the data
compressed by the encoder 214 and outputs the original
image data to both the frame memory 224 and the
correlation detecting circuit 230. Since the frame
memories 224, 226, 228 are operated in an FIFO manner and
cascaded to each other, the image data of successive
three frames are sequentially stored in the frame
memories 224, 226, 228. The correlation detecting
circuit 230 detects correlation between the current
frame (the output of the decoder 222) and the frame
preceding one (the output of the frame memory 224),
whereas the correlation detectig circuit 232 detects
correlation between the frame preceding one (the
output of the frame memory 224) and the frame preceding

twos (the output of the frame memory 226) with

transform coefficients of an



1 including the error detected by said error detecting neans with %
predet erm ned orthogonal transform coefficient; and decodi ng neans fBoMAY 2002
decodi ng the encoded i mage data out put fromsaid replacing nmeans. 2. An
apparatus according to claim1l, wherein said replacing neans repl aces the
part of the orthogonal transformcoefficient of the error block with a DC
conponent of the error block. 3. An appaf%}us according to claim1l. wherein
sai d repl aci ng nmeans repl aces the part of the orthogonal transform
coefficient of the error block with a zero data. 4. An apparatus according
to claim1, wherein the part of the orthogonal transform coefficient is an
AC conponent of ®SRECEr £8r tHeo ST Is N taf fameyd thcoCddd Uty Sppdreat us accor di ng
to clai mwherei,n the 0522 gon%b§trans;§:nLis di screte cosine trap sform.
6. An i mge prS€E88RAg garat &£OE iRt o A9 tEGhing Vgt s e 0
predeterm ner7_hlock is pi xel bl ock of . 2 8 MAY ZOOZ 7. An inmage
processi ng apnglragt g8¢ cé%?&ﬁn@nﬁo f(ﬂag\ernolf;\l‘{f(ﬁgreé:ieﬁmseﬁ P dt%cti ng

nmeans detects r .SSi Qn _errar. based an ECC. 8. An i

processi ng app%?gfég%gggépﬁsfﬁﬁser38@VV§€Q° e EEF“F5E€f§VH§%%ﬁ encoded
orthogonal d¢ra co ey .Whi_c r c i,ng run-1length
encodi ng ne hogﬁ%gggﬁrtgkgfagﬁggﬁgﬁgge%ogfﬁé%%%gﬁiq¥hrE%%@%%?hg t he encoded

orthogonal trapghQeELCeRLS kGLept-sn@rd for outputting a decoded orthogonal
transform coefficient; error detecting nmeans for detecting a transm ssion

Terror of the encoded ehthagangh bRANTLAr WeARRHH iafiyeRin id¥ tiMe bl ock based
on the encoded orthogonal transformcoefficient s irn the block; and

correcting meapsthQtsC@rbACthRy Firlfel ManDHISH Q2466 16 ,0f2 AheyRNcoded
ort hogonal transform coefficients. 9. An apparatus according to claim8)

wherein sai d enbghaleiyeeklegtBEdne deitenits oifhahler FiramesS Hcnd 8 r2u6 dependi ng
on a dynam c range of an orthogonal transformcoefficient in the block

whi ch is di ai ied byitiebodbngrbiie camecadaed 266t kagofdind rtares fparamtcieef i ci ent .
10. An apparatus according to claim8, wherein said error detecting neans

i ncl udes count PAgtheanerrectdoonntimpgsshidlécesdod ovtelrogdvealp itatanss or m
coefficient) said error detecting neans detecting the transm ssion error
according to abésedten theuersprssgegdrestionngmpesssblel £1a9 finear at us
according to claim10, wherein said error _detecting neans detecting the
transm ssi on efFR8rEGF £RECHABIK CBY C¥dpA2ilng 38dprd@et &rimichetdriFR ue with the
counted value of the orthogonal. . transform coefficient of the bl ock. Z B
MAY Zpp2 - 47 OT?.ogntPﬁaB eFF8d8Ys PAG tepFarRtud g SHCRSFE M cl ai m 8,
Wherein tq% orthogona3. _tran tobn1i§ a_discrete cosine transform 13. An

i mage processi RYCAPPEr BPUs 2 BAEPFSI R§9=ERaRSt SPFER Ts WdH gener ati ng

ort hogonal tragg%ﬁégkcgﬁflhgiSpgﬁﬁgghﬁ%iﬁg%dBQgth% §qggggq&?ﬂﬁgﬂ oy

perform ng an orthogonal trans an I nput i nage e “ort hogonal
transform coef bhgl eghSelNShUehRYIod t B tSOERBRC Hh 2R x372 148G so3TPONEN !
detecting circuits 230, 232. Stated otherwise, in
response to the error correction impossible flag
20 from the ECC decoding circuit 220, the switch control
circuit 236 changes over the switch 234 to thereby
select the image data at the same position on the
picture which has a higher degree of correlation.
The D/A converter 238 converts the image data
25 outputted from the switch 234 into an analog signal,
following which the reproduced analog image signal

is outputted from the output terminal 240.



addi ng means for adding data for detecting transm ssion error in the
ort hogonal- transform coefficients to the orthogonal transforn1coe§&tﬁhfﬂhf
so that a decoder is able to detect a DC conponent transni ssion e a
an AC conponent transm ssion error independently: and encodi ng neans for
encodi ng the DC conponent and the AC conponent. 14, An apparatus according
to claim 13, wherein said data for detectding transmi ssion error is an ECC.
15. An apparatus according to claim 13, wherein said encodi ng neans wherein
sai d encodi ng neans encodes the DC conponent by a DPCM net hod. 16. An
apparatus according to claim13, wherein said , encoding neans perforns
zi g-zag scan ofsﬁﬁghAEWEBﬁﬁ@ﬁéﬁﬂ in a predetermned bl ock and encodes the
AC conponent by Huffrman encoding. 17. An inage processing apparatus
according to clain113,F%Heré#n13H€SGFFﬁ8§oﬁal19F§h§ﬁﬁ9ﬁﬁﬂs%§%ﬂ%&ﬂeﬂe
cosine transform 1 An inage rocessi ng appar.at us accordig&_to cl aim 8,
8 s

2 8 MAY 2002 -ﬂscaﬂgﬁgPﬁ%éP r 8r SAStEcEMRgItEERs Qdt ent
t i Ssi : ing th ded qrth |t f
Cootticient. 16hVARCERRge BPOgeEaPRYiaRDE: 200D B AOcAOT 1 I8 m 13,

wherein sapd addi ng a_lks.an ECC.__20..An i e Jprocessi ng apparat us
according to cggiﬁ19ggﬁ g?éfﬁeggangﬁgégﬁn8g%§§€§ encodes the DC conponent

D e oL ence Bikagetods T by g9 B tecflndt 409 .

processi ng apparatus accordrng to rein sa

performs zi g-zgga§saniaggghgﬁégﬁﬁquq&%t ilsNad w/%dA%%Rr@f}%%,b'awf and

encodes the AC conpdnent “by man encodi ng. 22. An | rmage processing

met hod conprisings &srgrebuiBaest 8B @bcfrectﬁb\éi.ngﬁ@cgﬂ%@d&aqqldxata whi ch
are encoded into orthogonal transform coefficients by using orthogonal

transformin asgpedetesntnedihbaekatitht ;indd ar beY deipdhlenty ahidepirof
detecting a transm ssion error of the encoded i mage data; a replacing step

of replaciog omtycempantnef thireuaht hogerak ranafsirar MadeeftloxCiezith afcTan
error block including the error detected in said error detecting step with
a predet er m nedlockhogonal Bransf pimedsefl petifertns DHPEMa etheoddinegg at ep of
decodi ng the encoded i nage data output in said replacing step. 23. An i mge
processi ng net blod BGnpeimpPngntabesweevni thestcoprentr &C41 Wlogkamnghcoded
orthogonal transform coefficients which are encoded by using run-length
encodi ng net hoth¢npuareding BFdckdock.dapddeiguditapestsdec pginf@nise encoded
ort hogonal transform coefficients and for outputting a decoded orthogonal
transfornlcoef¥?ﬁréﬁ?9th Qrgcgﬁqlggognd Huffman encoding on the AC

15 component. 1116 is an ECC (error detecting and
correcting code) addition circuit for adding an ECC to
the respective encoded outputs of the AC component
and the DC component from the ADCT encoder 11l14.

1118 is a transmission path or system, 1120

20 is an ECC decoding circuit corresponding to the ECC
addition circuit 1116, and 1122 is an ADCT decoder
corresponding to the ADCT encoder 1114. 1124, 1126,
1128 are frame memories serially interconnected and
each comprising an FIFO (first-in first-out) memory.

25 1129, 1130 are frame memories of FIFO type for
delaying the DC compohent outputted from the ADCT

decoder 1122 by a time period of one frame, and are



- 49 an error detecting step of detecting a transm ssion error of the
encoded orthogonal transform coefficients in the bl ock based on the Pﬂe?
orthogonal transform coefficients in the block; and a correcting step o 002
correcting the transm ssion error of the encoded orthogonal transform
coefficients. 24. An image processing nethod conprising: a transformng
step of generating orthogonal transformwefficients corresponding to an

i mge data by perform ng an orthogonal transformon an .input inmage data)

t he orthogonal. transform coefficients including a DC conmponent and an AC 1
conponent; an addin step of adding data for detecti transm ssion error
in the ortmog&ﬁﬂcq for ARIFing FREFe R EH or t bnb§ dransform
coefficients so that a decoder is able to detect_ a DC conponent

transni ssion W%O&h IREeTnThemMrFY iR S IoFr et +09 1 MERDPEFRRAL | v;

and an encodi n of encodi ng the DC conmponent and the AC conponent.
"A, . ALH. AsN, . TSR AD AUERH AP WO AT R W22

0 0
3. A3 AYD AA/;MgnA%A PN A28 LIS g N, R p v A %0n

3=pTWh' *gh* U \ cal.c al cal c c" calcalc
a] (F:)a] caj ga?cgi] l:a] cajc zﬁclag %J ad] CtJACtU} é] caﬁ caﬂ &%%Zél z] a]lf(zg]cg'?]zc
z e .co ation _be n ut ut

}xsnid_Z]]ca] Cg] ceﬁ calca]ca Saca calJ ca ‘ta c ca‘j car]‘ aij:le%r]‘%a] ca] cal ca

ca] ca] ca] ca] gahfal; ! T
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ca] ca] ca] ca] cahgrlrrl e Gale Vs & Bste AFdie memories 1124,

1126, 1128. Depending on the error correction

10 impossible flag from the ECC decoding circuit 1120
and the detection results of the correlation detecting
circuits 1131, 1132, a switch control circuit 1136
changes over the switch 1134. 1138 is a D/A converter
for converting the data selected by the switch 1134

15 into an analog signal, and 1140 is an output terminal
for the reproduced analog image signal.

Specific operation of this embodiment shown

in Fig. 11 will now be described. The A/D converter
1112 converts the analog image signal, applied to the

20 input terminal 1110, into a digital signal. The
ADCT encoder 1114 carries out a DCT transform on the
digital image signal outputted from the A/D converter
1112 for each DCT block such that the DC component is
subjected to DPCM encoding between the current DCT

25 block and the preceding DCT block, and the AC
component is subjected to run-length processing and

Huffman encoding. The ECC addition circuit 1116
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and the correlation detecting circuit 1131 for the
25 DC component. As with the frame memories 224, 226,

228 in Fig. 10, the frame memories 1124, 1126, 1128

respectively store the image data of successive
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1 thTee frames in a sequential manner. The frame
memories 1129, 1130 are also cascaded to store the
DC components of adjacent two frames on a frame-
by-frame basis. As for the DC component, the
5 correlation detecting circuit 1131 detects correlation
between the current frame (the output of the decoder
1122) and the frame preceding one (the output of the
frame memory 1129), whereas the correlation detecting
circuit 1132 detects correlation between the frame
10 preceding one (the output of the frame memory 1129)
and the frame preceding twos (the output of the frame
memory 1130) with respect to the current frame.
The correlation detecting circuits 1131, 1132 may
be the same circuit configuration as that shown in
15 Fig. 10, and each store one frame of differences in
the DC component between the corresponding image
signals of two frames inputted thereto. Thus, a
degree of correlation between the two frames can be
determined.
20 The switch 1134 can select any one of the
outputs from the frame memories 1124, 1126, 1128
and normally selects the output of the frame memory
1126. The switch control circuit 1136 controls the
switch 1134 in a like manner to the switch control
25 circuit 236 shown in Fig. 9. Specifically, for the

error correction impossible data, the switch control

circuit 1136 enables to select the image data at the
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20 fit for such a transmission system that is directed
to a large number of receivers like TV broadcasting
and requires the small size and reduced cost of
receiver units.
According to the fifth and sixth embodiments,
25 as will be easily understood from the above descrip-

tion, since information of interframe correlation is

used to interpolate the error correction impossible
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10 decoder 633 to a counter 632. The counter 632
continues counting both the 0 run-length and the
number of DPCM codes until arrival of a reset synch
bit. In other words, the counter 632 counts the
predetermined number of pixels in a processing unit.

15 The number of pixels counted by the counter 632 is
outputted to a comparator 636. The comparator 632
compares the predetermined number of pixels set by
a processing unit setter 634 and the number of
pixels outputted from the counter 632, thereby

20 outputting an error flag of 1 bit to a switch 640.
Stated otherwise, if both the numbers of pixels are
not in match with each other, then a flat is set
based on judging the presence of an error.

Meanwhile, the DPCM code decoded by the run-

25 length decoder 633 is outputted to the DPCM decoder

635 and further decoded to image data. The image

data outputted from the DPCM decoder 635 is delivered
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Fig. 17 is a block diagram showing an encoding

method which combines twos, i.e., the orthogonal

10 transform encoding method and the run-length encoding
method, with each other. Image data applied to an
input terminal 711 is divided into blocks by a block
formation unit 713 such that a raster series of Fig.
18A is turned into a plurality of blocks as shown in

15 Fig. 18B. In this case, each block comprises 8
pixels horizontal and 8 pixels vertical. The pixel
data in each block are transformed by a transform
decoder 715. The transform decoder 715 employs a
transform encoding method called a discrete cosine

20 transform (DCT) encoding.

Generally, as shown in Fig. 19, the
coefficients obtained through the DCT transform of
the image data exhibit low resolution in the oblique
direction and has the smaller magnitude at the

25 higher frequency component. Those coefficients

obtained through the DCT transform are quantized by

a quantizer 717. The quantized transform coefficients
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10%68%& () 18§%Q§&O§a a 1s %gp %eg)to a ru% f@ngté)encoder 721
to form a set of the number of Os and the coefficients
other than 0. Upon the completion of processing of
one block, an EOB code is outputted. An entropy
10 encoder 723 assigns a short code to those codes
having high occurrence probability and a long code to
those codes having low occurrence probability,
followed by delivery to a transmission format unit 725.
The transmission format unit 725 delivers the data
15 from an output terminal 727 after adding a synch bit
for every several blocks as shown in Fig. 21.
Fig. 16 is a block diagram showing a configura-
tion of a decoding device in cooperation with the
encoding device of Fig. 17. The data transmitted
20 through a transmission path is applied to an input
terminal 731 and decoded by an entropy decoder 733
to a run-length code.
The run-length decoder 751 performs run-
length decoding and outputs the decoded data to an
25 inverse zig-zag scanner 737 and, simultaneously,

outputs the sum of the number of 0s in a run and the

number of 1s other than 0, i.e., the number of
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ficients for each predetermined period of time.

Assuming now that the predetermined period of time
is one block, a processing unit setter 755 sets 64
equal to the number of transform coefficients. A

comparator 757 compares a value inputted from the

processing unit setter 755 with a value inputted from

the counter 753. If both the values are in match
with each other, then it is judged that the data
has been transmitted without errors. If both the
values are not in match with each other, then it is
judged that an error has occurred. Either judgment
result is outputted to a delay unit 759. The delay
unit 759 delays the judgment result by the amount
to be paid off by proceeding through an inverse zig-
zag scanner 737, an inverse quantizer 739 and an
inverse transform encoder 741.

On the other hand, the inverse transform
encoder 741 outputs the inversely transformed pixel

data to one terminal a of a switch 763 and also to a

| 109%4$4& ()-G ! 10%)%%7&)E )GTh\f((!) g‘i&(‘)% (1 2) Ré /
NG ,

() - Q- . 0 OR' () - 0, () -
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frame memory 761. The frame memory 761 the pixel data,

which are delayed by a time period of one frame
therethrough, to the other terminal b of the switch
763. Depending on the judgment result outputted
from the delay unit 759, the switch 763 selects the

terminal a for a predetermined period of time when
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A raster formation unit 743 converts the
block series back into the raster series, followed
by delivery to an output terminal 743.
As described above, according to the eighth
10 embodiment of the present invention, a deterioration
of image quality otherwise caused by the occurrence
of an error can be prevented with a simple hardware
construction, by providing error detecting means
specifically adapted for the process of run-length
15 decoding.
It should be understood that the error
correction in the foregoing embodiments may be
performed by using any of the image data of preceding
frame and the image data of preceding field.
20 Furthermore, the present invention is not
limited to the foregoing embodiments and can be
variously modified and applied within a scope defined
by the attached claims.
Additionally, any combinations of the foregoing

25 embodiments are covered by the principles of the

present invention.
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are encoded into oxrthogonal transform coefficients by using
orthogonal transform in a predetermined block unit:
error detecting means for detecting a transmission
error of the encoded image data;
replacing means for replacing only a part of the
orthogonal transform coefficients of an error block
) including the error detected by said error detecting means
with a predetermined orthogonal transform coefficient: and
decoding means for decoding the encoded image data

output from sald replacing means.

2. An apparatus according to claim 1, whereiln said
replacing means replaces the part of the orthogonal
transform coefficient of the error bleck with a DC component
of the error hlock.

3. An apparatus according to claim 1, wherein said
replacing means replaces the part of the orthogonal
transform coefficient of the error block with a zero data.

4. An apparatus accerding to claim 1, whexein the part
of the orthogonal transform coefficient is an AC component
of the error block.

5. An image processing apparatus according to claim 1,
wherein the orthogonal transform is a discrete cosine
transfoxrm.

6. An image processing apparatus according to claim 1,
wherein the predetermined block is a pixel block of N X N.
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8. An image processing apparatus comprising:
receiving means for receiving an encoded orthogonal
transform coefficients which are encoded by using run-length
encoding method in units of blocks;
decoding means for decoding the encoded orthogonal
transform coefficients and for outputting a decoded
) orthogonal transform coefficient;
erxror detecting means for detecting a transmission
arror of the encoded orthogonal transform coefficients in
the block based on the encoded orthogonal transform
coefficients in the block: and
correcting means for correcting the transmission errox
of the encoded orthogonal transform coefficients.

9, An apparatus according to claim 8, wherein said
error detecting means detects the transmission erroxr
depending on a dynamic range of an orthogonal transform
coefficient in the block which is obtained by decoding the
encoded orthogonal transform coeffilcient.

10. An apparatus according to claim 8, wherein said
error detecting means includes counting means for counting
the decoded orthogonal transform coefficlent, said error
detecting means detecting the transmission error according
to a counted value of said counting means.

11. 2An apparatus according to claim 10, wherein said
exror detecting means detecting the transmission error of
the block by comparing a predetermined value with the
counted value of the orthogonal transform coefficient of the
block.
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t t8t tttt%véns§¥éh ng mea¥N5¥09 generating oxrthogonal transform
coefficients corresponding to an image data by performing an
orthogonal transform on an input lmage data, the orthogonal
transform coefficients inclﬁding a DC component and an AC

component:
adding means for adding data for detecting transmission

) error in the orthogonal transform coefficients to the
orthogonal transform coefficlents so that a decoder is able
to detect a DC component transmission exrror and an AC
component transmission error independently: and

encoding means for encoding the DC component and the AC

component.

14. An apparatus according to claim 13, wherein said
data for detecting transmission error is an ECC.

15. An apparatus according to claim 13, wherein said
encoding means wherein said encoding means encodes the DC
component by a DPCM method.

l6. An apparatus according to claim 13, wherein said
encoding means performs zig-zag scan of the AC component in
~a predetermined block and encodes the AC component by
Huffman encoding.

17. An i1mage processing apparatus according to claim 13,
wherein the orthogonal transform is a discrete cosine

transform.

18. An image processing apparatus according to claim 8,
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error by counting the decoded orthogonal transform

coetfficient.

19. An image processing apparatus according to claim 13,
wherein said adding data is an ECC.

20. An image processing apparatus according to claim 13,
wherein said encoding means encodes the DC component by a
DPCM (difference pulse code modulation) method.

21l. 2n image processing apparatus according to claim 13,
wherein sald encoding means performs zig-zag scan of the AC
component in a predetermined block and encodes the AC
component by Huffman encoding.

22. An lmage processing method comprising:

a recelilving step of receiving encoded image data which
are encoded into orthogonal transform coefficients by wusing
orthogonal transform in a predetermined block unit;

an error detecting step of detecting a transmission
error of the encoded image data;

a replacing step of replacing only a part of the
orthogonal transform cocefficient of an error block including
the error detected in said error detecting step with a

) predetermined orthogonal transform coefficient; and
a decoding step of decoding the encoded image data

output in said replacing step.

23. An image processing method comprising:

a receiving step of receiving an encoded orthogonal
transform coefficients which are encoded by using run-length
encoding method in units of blocks:

a decoding step of decoding the encoded orthogonal
transform coefficients and for outputting a decoded

orthogonal transform coefficient;
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an error detecting step of detecting a transmission
error of the encoded orthogonal transform coefficients in
the block based on the encoded orthogonal transform
coefficients in the block: and

a correcting step of correcting the transmission error

of the encoded orthogonal transform coefficients.

24. An image processing method comprising:

a transforming step of generating orthogonal transform
coefficients corresponding to an image data by performing an
orthogonal transform on an input image data, the orthogonal
transform coefficients including a DC component and an AC
component;

an adding step of adding data for detecting
transmission error in the orthogonal transform coefficients
to the orthogonal transform coefficients so that a decoder
i1s able to detect a DC component transmission error and an
AC component transmission error independently: and

an encoding step of encoding the DC component and the

AC component.



