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DESCRI PTI ON | MAGE PROCESSI NG APPARAUTS AND | MAGE
PROCESSI NG METHOD TECHNI CAL FI ELD 5 The present
invention relates to an i mage processing apparatus
and i mage processing nmethod which are applicable for
a case of encoding, for exanple, a filminmage using
MPEG 4 AVC (or H. 264) encoding. 10 BACKGROUND ART A
conventional inmage traRPESCRIPAGONecei vi ng apparatus
or image recordi ng/ reproduci ng apparatus (hereinafter
bBIAGE BROGS T ING ARRARAIIES ANR t INAGER) PRACGESRING tMBRHOD
apparatus) will be described with 15 reference to FIG
1. First, an input inage 11 is encoded hy an image
ﬁggqckgg upit 12 and the encoded information is sent
g Hebl¥Por in a wireless/wired transnmission
accunu| ati on. nedi um 14 correspondi ng

13
to a (TSN SEY a3k o * hates ke A dnase

BESEIR TR A EDS Hnd e oGSt na e had oikeh

& eépﬁifc@t;@%t 01;J Tatifsd n@f”er}&?@fxggﬂé t ?/11* f%g:r?p%ec £ 4

t o one-severa 0O one-severa en

£ 1B S RGO U dih gy MEd-2H A i or ded.
For exanpl e, théje I mage da\ftg %%eﬁ%ﬁg}%‘g&qlﬁ )
transm ssion rate of 1.5 Mips by MPEG 4 AVC(or H. 264)

1 encodi ng. Because of such encoding, a difference
BIMIKGROUNINARIecoded i nage 16 and the input image 11 is

A conventional image transmitting/receiving
apparatus or image recording/reproducing apparatus
(hereinafter both will be referred to as just image
transmitting apparatus) will be described with
reference to FIG. 1. First, an input image 11 is
encoded by an image encoding unit 12 and the encoded
information is sent or recorded to or in a
wireless/wired transmission passage 13 or an

accumulation medium 14 corresponding to a transmission

- system. Data obtained on a receliving/reproduction side

is decoded by an image decoding unit 15 so as to obtain
a decoded image 16.

After the amoﬁnt of the input image data is
reduced to one-severalth to one-several tenths by the
image encoding unit 12, the data is sent or recorded.
For example, the image data can be lowered to a

transmission rate of 1.5 Mbps by MPEG-4 AVC(or H.264)




10

15

20

25

recogni zed as deterioration by a man. The conventi onal
image transmtting apparatus 5 reduces the anmount of
the input image data at the tinme of transm ssion or
recording. Cenerally, the imge encoding standard
such as the MPEG 4 AVC (or H.264) encoding has
stipul ated a nmethod of reducing the data anount

afdeting.el Bevatlbeubfr emhk @hlceddager howarirakehee 10

t he human vi sual perception. However, under a limted
hetarenn ddieoMdrantedyididyerl 6taardgmhec dpatit imdde 11 is
detail information of the inage is damaged | argely.
mEgagndiedt |as deteriomatsion tiyng aram.ecording film

I mages such as novie, filmgrain information which 15
expr e3d8€s canvgngdoamduimage thenswitiiiogohppamatiue i s

| ost, so that the quality of decoded image is
X %P&%Sortaee&m@%r edb/pe Apputy imagendata etambiee tdfe

f'ImimaqeapIiedas the input image 11, and FIG 2B
O CHEPSTISRARB 870 F SEAEA1EE - doceRpER] Kagathe, image
[ f FIGS. 2 d, 2B, h h .t fil [
ik dih, S5aPaardsueh: A2 thePEG & i WpraH-BeD) |
' ' e i ' 21, .the.d d [ 22
<RELThYCHakN L RFul U, BTIELER, or! DEadBERYC0 TIgE
ahBﬁﬁE”EEE@Bti§%#93%1t§bﬁeeréggfﬁékﬂéZéegégigrhﬁ%gﬁZEOr

there is a problemthat the ext uré " canno

tB@NEaflan CoN¥eALi paaLLytidapa e || cad
Lai d- 3nOpen (JP?A) N%Flﬁ?Zg}ggieépéﬁgdsqugigdaf%aﬂ%de

tshnsphessoni banliresaeH bY SUPPASSSEAWAFPEPESLRE @Btail
i mge fetched
informatiop of the image is damaged largely.
Particularly, when transmitting or recording film
images such as movie, film grain information which
expresses a large amount of the texture of a movie is
lost, so that fhe quality of decoded image is
deteriorated remarkably.

FIG. 2A shows an example of film image applied as
the input image 11, and FIG. 2B shows an example of the
decoded image 16. As evident from FIGS. 2A and 2B,
although the film grain which is detected as the
quality of film can be pefceived in the input image 21,
the decoded image 22 presents a flat image because most
of the film grain information is lost. Since the film
grain is lost, there is a problem that the £ilm texture
cannot be sensed.

Conventionally, Japanese Patent Application Laid-.
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in by a scanner. The apparatus disclosed in

JP- A-11- 250246 intends 5 to suppress the grain noise
particular to the film imge but not to inprove the
filminmage texture lost for encoding by high
efficiency encodi ng systemon the decoding side.
Accordingly, an object of the present invention 10 is
Opepr ¢UPe2)aNoi. nage2p0ae6ShaBgstppafatuataftle sharpness
processing nethod in which loss of filmagrain

Laf stmassed by hupdressingedobseshefdenodinagesFdechad

as to maintain the filmtexture of an input inmage,
inck¥by seanseguent|y inproving the image quality
largely. 15 DI SCLOSURE OF THE INVENTION In order to
sol ve %hﬂe%REﬂ@ﬁ%H%bﬁ%ﬁ%%o%ﬁdii%tJPa%pbbt25@24®eintends
resent invention provides an inage processin
PpRTRRERS T of e %gJeIFf%Jr%%o@aJéﬁ%%@lﬁ@ 6P Bhe Zgilfhput
1 mage signal. jncluding: area_detecting neans for
RPEE PG IRt F SARERY & T oEhn o1 BAgS cHaRBRre nlast
L nput._ j e. ..first ex cting nmeans_for extractin
G o TR bY e T O T E AIRALAg REF Lein on the
dgéﬁééﬁﬁnéfﬁbpf 25 pixel values in the area detected
b e area detecting neans; second extracting nmeans

y t re: ! nd extractit
for oblcidtidihaly,Calf R fadu Bl Ykd e ablvahiils
strength of afilmgrain to be added; an
is to provide an image processing apparatus and
processing method in which loss of f£ilm grain
information is hardly sensed on the decoding side so as

to maintain the f£ilm texture of an input image, thereby

consequently improving the image quality'largely.

DISCLOSURE OF THE INVENTION

In order to solve the above problems, a first
aspect of the present invention provides an image
processing apparatus for high efficiency encoding of an
input image signal, including:

area detecting means for detecting an area
containing no steep change in an input image;

first extraéting means for extracting basic
pattern information indicating a level distribution of
pixel values in the area detected by therarea detecting
means;

second extracting means for obtaining strength

3
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‘means for transmtting or recording encoded data, the
basic pattern information and the strength 5

i nformati on. The invention al so provides an imge
processi ng nethod on the encodi ng side to achieve
processi ng of the apparatus on the encodi ng side
descri bed above. A second aspect of the present

infeaniatdpnpiadidatinkl thie iSTReagH0GESS B4 1aPRFANUSo
for receiving or reproduci ng encoded data by high

bef faiddiedncyandncodi ng, basic pattern information
indicating a level distribution of pixel values in an

ar ea Beanai ibngtnanswitepnghangeecartibrgi apobdeangata,
and strength 15 information indicating an extent of
thgdPagiri Patgeanninfprmptdongandetbdi syrenghd for
.decodi ng encoded data; basic pattern generating neans
ipSprpatdAvs r ukie nnventiom ke rorowidesar cimage i ng a

| evel distribution 20 of random noise to the same one
PHECPAgIEVEFtAPd: PROERP oRNPAT RAt 84de nte hachisye

Lo info tion; strength adjusting neans for

Pgﬁ%‘%g?%ﬁ Photig, ?%B@JE#B? Rethe| eRGPAIRT| Fhge
A8LERY LA s he 25 strength information; and adding

means for adding the filmgrain i mage whose strength

(L RS0 YOOl Y
ah "BEEgH ' PECESE Sith dRAHIE-PFud N d8cl f\Bing or
reproducing encoded data by high efficiency encoding,
basic pattern information indicating a level
distribution of pixel values in an area containing no
steep change in the input image and strength
information indicating an extent of adding film grain,
including:

decoding means for decoding encoded data:

basic pattern generating means for reconstructing
a £film grain image by converting a level distribution
of random noise to the same one as the level
distribution indicated in the basic pattern
information;

strength adjusting means for adjusting the
strength of the film grain image according to the
strength information; and

adding means for adding the film grain image

whose strength is adjusted to decoded image information

4
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side to achi eve processing of the apparatus on the
decodi ng side descri bed above. 5 The present invention
provi des an inmage processing apparatus for high
efficiency encoding an input inmage signal,
transmtting or recording encoded data and decodi ng
the received or reproduced encoded data, wherein 10
o admedd byy thied deidodtionf meanisudeTheaif@efleisfit 4o
means for detecting an area containing no steep
PreNgEesn aan impget Prvegessing methext vac ttheg deeads.ngor
extracting basic pattern information indicating a
Fdde tai echiByei Brosessipgpiofeltheappperatushenatha
aetegted bX the area_detecting neans; second
REPLLPEnGLHRaAESPELPER 8PAVRY strength i nformation
indica&ingﬁ%he S renﬁth of afilmgrain to be added;
and 20" HRaRECFRRL  FAFERE PR nBrevifes orui HRagdcoded

PEoBensiig ABRninPls' Bt hlag SPhLSnirEctradinacen

I Vi ' th ded 25
SEPAE {REafCERINAED EEah ORI EFHRY n AReSTHENG paiaten
. e ! ¢ _ ti ;
A Sl S R T
deve) whetsibution of random noise to the sane one as

t he |evel
the encoding side thereof includes:

area detecting means for detecting an area
containing no steep change in an input image;
first extracting means for extracting basic

pattern information indicating a level distribution of

- pixel values in the area detected by the area detecting

means:

second extracting means for obtaining strength
information indicating the strength of a film grain to
be added; and

means for transmitting or recording encoded data,
the basic pattern information and the strength
information, and

the decoding side thereof includes:

means for receiving or reproducing the éncoded
data, the basic pattern information and the strength
information;

basic pattern generating means for reconstructing

5
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distribution indicated in the basic pattern
information; 5 strength adjusting neans for adjusting
the strength of the filmgrain i mge according to the
strength information; and addi ng neans for adding the
filmgrain i mage whose strength is adjusted to
decoded image information 10 obtai ned by the decodi ng
andadim gifeein riverge dy adawvgutorigles Iaived ITRESs 1 iaRASHNg
nmet hod on the encoding side and decoding side to

odc Kapden nedess itey téfe tdeme amearast tkheordavied encodi ng
si de and decodi ng side described above. 15 BRI EF

dpsserkbption drdiqetedadNeberbasit ipatdernock di agram
.showi ng .an exanple of a conventional image
ipforus ig apparatus to which the present invention

can be agﬁligd; 20 FILGS. 2A and 2B are schematic views
showi AGFERITBXAABPEtIRTaMeRrRFUECENBIIUERINE §BE0ded

i in_th convyentional .i mage transnmtting:
sshedBsbugr Ene 231RC oz 8R, tnoaragranT aLRaNGe: Chel y

‘ | . Len f the image transmtting
sgggﬁbgguéﬁngﬁgggbﬁg %P§Sent invention; FIG 4 is a

bl ock, gl X 0 i N,

it or oe o s ol AT o 2thE ST oEh R Ciaoe
wRobedi #BBhgh iEea&Fﬁ§€B&'t8Y88&b§8a Fh&e Sihfoubl £6K

di agram of an exanple of a film
obtained by the decoding means. The invention also
provides an image processing method on the encoding
side and decoding side to achieve processing of the
apparatus on the encoding side and decodiﬁg side

described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an exaﬁple of a
conventional image transmitting apparatus to which the
present invention can be applied;

FIGS. 2A and 2B are schematic views showing an

example of an input image and a decoded image in the

conventional image transmitting apparatus:

FI1G. 3 is a block diagram schematically showing
an embodiment of the image transmitting apparatus of

the present invention;

FIG. 4 is a block diagram of an example of a film

grain information extracting unit according to the

6
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grain basic pattern information extracting unit in the
filmgrain extracting unit; 5 FIG 6 is a block
di agram of an exanple of a film grain strength
information extracting unit in the film grain
extracting unit; FIGS. 7A, 7B and 7C are schematic
diagrans for schematically explaining extraction
pmboddgiend off tthe pireésknitmigventibasi c pattern
information; FIG 8 is a block diagramof an exanple
of a fFEfh. §rdbnaabdipaly dmagramcofdangekamphe of a film
enbodi ment of the present invention; FIG 9 is a
Bradr Bpgdcappbtezn adrfapmetépnaexSrbatiiogpantier in the
enerating unit in the filmgrain adding unit; FIG
%61WsggaéehéﬁﬁFPEtaPSgPEﬁifor schematical |y
explaiging filmgrajin addi ng processing; FIG 11 is a
timi ngpt%ar? 18rdeRIPEE i hdEan| pEran coxamphe dobra f£1km
£%Ln igfor i on extrgction nd film g[ain addi ng
§r tBsEHRGNIERGINEOTRRt 0 fXhEAchiRY WBitcip| Bhe filn
§f§9ﬂd ngégggngfu+gg.fiIn1grain i nformation
X ¢ fi

raction an m grai n addi ng processing; 25 FIG

135 BLdd g, ofifdnd ofc QA Adidih A Wi et o, of

the filmgrain information extraction an
S Bl B terd ol RN JP'ene
Lo r AL D &KL d asd t @ NChformation;

FIG. 8 is a block diagram of an example of a film
grain adding unit according to the embodiment of the
present invention; |

FIG. 9 is a block diagram of an example of a
basic pattern generating unit in the film grain adding
anit; |

FIG. 10 is a schematic diagram for schematicaliy
explaining film grain adding processing:;

FIG. 11 is a timing chart for explaining a first
method of film grain information extraction and film
grain adding processing;

F;G. 12 is a timing chart for explaining a second
method of the film grain information extraction and
film grain adding processing;

FIG. 13 is a timing chart for explaining a third

method of the film grain information extraction and

| film grain adding processing;
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filmagrain adding processing; FIG 15 is a timng
chart for explaining a fifth 5 nmethod of the film
grain information extraction and filmgrain adding
processing; and FIG 16 is a timng chart for

expl aining a sixth mnethod of the filmgrain
information extraction and filmgrain adding
proce¥ddiGng141asBESTiiDRE EOR-EARBY! BepOhAinIhg a fourth
I NVENTI ON Herei nafter, one enbodi nent of the present
mefhedk iofn thiel Ifilm geradni Hodommaltivaf exeraettiont Aad
acconpanying drawi ngs. FIG 3 shows an inage 15
fﬂﬂﬂhgﬁﬁﬂpiﬁgdapﬁa9§99§56ﬁn9he present invention.
First the_encoding side will be described. An input

i magel'3¢- 13 iAcadbimbnghrhasttferecexpiabying anfiyEth
meﬁﬁoainglg it ,gz so as to_generate encoded.

PHP8ANRLi GAe3814D 9bApRedRfAEMAkEoReAt EABLAER and

. nf ti 20 34 i tt i rel /wired

FPAn R b 300 ReBeosteThar ralfonding to &

t } SSi - ded. i unul ati |

red Sy ok i Gbing (LT e RY g

. » o5

Y e P Fra R (e fori bl o S difon ana

Filmf @rash i fda IGedéds gt 33 extracts filmagrain
i nformati on ff%%1 he inbﬁ@ginage 31, and the extracted

8 filmgrain information 35 is sent to the
wireless/wired transm ssion passage 36 correspondi ng
BRSI tM@DE FOR CARRYING OUT THE INVENTION

Hereinafter, one embodiment of the present
invention will be described with reference to the
accompanying drawings. FIG. 3 shows an image
transmitting apparatus of the present invention. First,
the encoding side will be described. An input image 31
is encoded highly efficiently by an image encoding unit
32 so as to generate encoded information 34 by
compressing the data amount. The encoded information
34 is sent to a wifeless/wired transmission passage 36
corresponding to a transmission system or recorded in
an accumulation medium 37 such as a digital versatile
disc (DVD}.

Reference numeral 33 denotes a film grain

information extracting unit. The film grain

Cinformation extracting unit 33 extracts film grain

information from the input image 31, and the extracted
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transm ssion systemlike the encoded information 34 or
recorded in the accunul ation nmedium 37. 5 Next, the
decodi ng side will be described. Received encoded
information 38 is supplied to an i mage decoding unit
40 on the decoding side, and the inmage decoding unit
40 generates decoded image information 42 fromthe
Fobni geainntoteomabionndbi bs S8nt Res etlen ceiddlasspwited
41 denotes a filmgrain adding unit. After the film
Hransmberion RAFIade 3epeorvesmondimg go nthe nf or nat i on
fromthe received filmgrain information 39, it adds

Fransmi S Irn F0T e i ke ctlmsererded) ingoreabibonli 3 oo
the c qiapteristic of the decoded 15 inmage information
W%ﬁ% dh e ACHIRBIRELHdRAMM 3The | mage

di it 3 the i, decodi it 40
executERty o6 ORFEUIES A R INPRS. ALRGEIRT - H 264
end) f ..In this case, the
enco iér?lg elshrf?) o%% %ﬁnﬁo%%ogngegﬁse%ﬂp@ﬁf‘ﬁi% A& righags

i f ' 1] . he fil
SPELITHUN 60 B 3 YRAAL AU ST SR

gralin | nformation ansm

Recodiinly @t f4@§éﬁéﬂﬂ§%@oﬁéﬁ“gﬂaggﬂgg%ﬁg&%£ion 42

Information (SElI), which is not Indis

fiea0 dihey rétedNiemdnUddiE itrdrmEtabn 38 .Degarspehhe 25
SEl contains informati on which a user defines

numéapdndanidenotiele af ifiTngigaiain BEALEGt WAR L35 After the
transmtted or recorded using the user data. 9 FIG 4
fdlmwgradnerddphg ohithdlf reprodaces €ifimaghifg unit
33. The filmgrain extracting unit 33 -
information from the received film grain information 39,
it adds film grain information reconstructed
corresponding to the characteristic of the decoded
image information 42 and outputs as decoded image 43.
The image encoding unit 32 and the image decoding
unit 40 execute processing based on the MPEG-4 AVC (or
H.264) encoding standard as an example. In this case,
the encoding information 34 has a stream data structure
including units of a predetermined length. The film
grain information 35 is transmitted or recorded using a
unit for transmitting Supplemental Enhancement
Information (SEI), which is not indispensable for
decoding an animation picture. That is, because the
SEI contains information which a user defines

independently, the f£ilm grain infofmation 35 is

transmitted or recorded using the user data.




10

15

20

25

Is constituted of a basic pattern extracting unit 51
and a strength extracting unit 52. The basic pattern 5
extracting unit 51 extracts information indicating
film grain fromthe input inmage 31 and outputs as
filmgrain basic pattern information 53. The strength
extracting wunit 52 conputes information of how nuch

strenBIB.i 4 showse andésampleacki tAegFaAlm yeaka added
to an area having 10 an average value for every frane

eghtwalctingy aniitn 38.er Fher fihym gfaiheeptrabtinbuanifoss
exanple, 0-20, 21-40, ... and its information is

1§u?99ﬁ¢é@“§§dtm§1aIhﬂ&yﬂapnttsrneagthawﬂﬁmgnnhamn554
The filmgrain information 35 includes both the film

agfaPnSbESPIthackEmRGtANSr HRiL0A215 Blle abasihepdttern

graln stren%th information 54. FIG 5 shows an
XLABFLngf UPRE Bdsextyactsr anfexmakdepngndicating Fham

basic_pattern extr ctln unit 51 is conposed of a
gﬁﬁi”PoFﬁ? géee}PPH%t H?a GnPt 88d autPPFFePSbShkmearaha
20 66 and 67.

b3REb IR PELER PHED @#3‘85.8383 e & @i@&ngt%"tﬁfw%’r‘%
o 5SS A ka5 5 LD A kg g o
bé NB@E 4 0ES Qofiﬁﬂnéfhfnatét Qa&&3@9€oa%8n%%Q§A§£$%ﬁg

25 image 31 and oulputs uni orn1area d

a®X@yer£ge Ofalhe ﬁarf@wfgrﬁﬁamé shdhAd h&@&eai% $&re

I mage as a background he uni formarea dat
ramgestof el mixelOvalus pl £ort edanifld] Xelaglat s a1q sting

inauniformarea. In the neantine, to obtain the
andnitﬂrmnﬁazmakd@nﬁﬁs outputted as the film grain
strength information 54. The film grain information 35
includes both the filﬁ grain basic pattern information
53 and the film grain strength information 54.

FIG. 5 shows an example of the basic pattern
extracting unit 51. The basic pattern extracting unit
51_is composed of a uniform area extracting unit 61, a
filter bank 62 and histogram computing units 63, 64, 65,
66 and 67.

The uniform area extracting unit 61 extracts an
area of a predetermined éize (called uniform area) in
which film grains are distributed uniformly and an
image does not contain a steep change from the input
image 31 and outputs uniform area data 68. An example
of the uniform area is a flat image like sky image as a

background. The uniform area data 68 is constituted of

10
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is permssible.to specify one directly or specify one
from candi dates outputted by the unit. 5 The uniform
area data 68 obtained in this way is divided to a
plurality of sub-bands by filter banks 62a, 62b
constituted of plural high-pass filters (indicated
wth H and | ow pass filters (indicated with L).
Hiurtek sivdms hof opbtéel udetd hexfsting Dank subLeorf2red £
10 digital filters whose filter coefficient is

Impadi¢ ireantime di e nsh omit | fhe |unbf etm uates edekangs 2 it
shown in FIG 5, each of the filter bands 62a, 62b is
igomaTmigsb g o HRecHiB ondatirestly dovepEsHE bhane
Additionally, a plurality of 15 band pass filters may
fromycAndednton PHPYred fy thewtritef stage, nultiple
st ages .t hereof may be dProvided instead of the two

st ages Péh SR HoFTEiageas | 205G H& SWRineghde s sy is
AT F LRI, B i R B LR PAS 6%k,
f, A IRl ' i nf. ti . i naftey,

o2y SUHEPL Gl |t Wi Bt A S d i capa

waRd H)S rl%‘%ot—%%s@’ fti(l}et eﬁ@ S(H%i%@t%ﬁ%ttithn g. Hulmst s 63

to 67 'and the extracte i st'ogram i nformat|

FeUititHs! @fhidh (R sfrliltRed Fnl %ill%%? DaPRs! 823, 62b are

information 53. The histogram i nfornation i's ‘fréequency
dti 8 eaTaiFiQR eirzd nbisen & i@ rdedRicrt Y i@h tPi%ekpecified
contained 11 in a predeterm ned pixel value range
tirbedemeaktienalagf.erred to as division section). For
exanpl e, assune
In a structure example shown in FIG. 5, each of
the filter bands 62a, 62b is constituted of a high-pass
band and a low-pass band. Additionally, a plurality of
band pass filters may be provided, and as for the
number of stage, multiple stages thereof may be
provided instead of the two stages shown in FIG. 5.
Outputs of a base band and each sub-band are
supplied to the histogram computing units 63 to 67
corresponding to each band. The frequency distribution
information (hereinafter referred to as histogram) of
the pixel value of each band is extracted by the
histogram computing units 63 to 67 and the extracted
histogram information is outputted as the film grain
basic pattern information 53.

The histogram information is frequency

information indicating the quantity of pixels contained

11




10

15

20

25

that there exist four predeterm ned division sections,
nanely, -19 to -10, -9 to 0, 1 to +10, +11 to +20 and
5 the val ue of each pixel of the input data into the
hi st ogram conputing unit at that tinme is [-11, -5, -1,
+3, +8, +14]. In this case, histograminformation
outputted is the frequency of pixel data contained in
imach predgptertiaied pisfell vhlud rAngel adYesiimon 10
information is outputted for each band. FIG 6 shows

raf egyredp itar asc dlifiiguiioat isectdfort)he Feokr erghplext eaetinag
unit 52. The strength extracting wunit 52 includes a
thatt dhergr exish ot Py edeiterit nedd divistivengeletions,
computing unit 72. A uniformarea is 15 extracted from
nafelynpatl 9 #Rge 192 by e Ounilf dom+dlea +1dxttoadLiongnd
unit 71 like the uniformarea extracting unit 61 and
thei ValnearEa epshoPlEeloRL7 Shes inputudeda inte thes
ca%e, regar di ng.a st eeﬁ area_ of the image,
hAREPRAN GRUBPLiAG IR e at FBATOEABE &Fi fotth-ar8a 3.
0 tp d a_non-uniformarea. As,ipdicated in
* I'G%’G%ﬂ&%?'b?f%,t%%s ECHRT” fh+5‘h£?$l’éa’f' XL e
' e ' i, Led_ar iiS,a non:uni fqrm
OBt L PRl EReGulnbly bE pFRET 43R B8 TAThed T
hR shhgaOL ti URi t 57247 Th ﬁ?ﬂgé uting
e%S un%tggg Egﬁgg?gé g%'agérggeléf gpﬁ%alﬂaéhf e area

inpgrmatishr ihubhepuyabdesef thenfhbhpngrain for each
uniform area. To conpute the distribution value of

the fFiGn 12 shcws, al CExEMEIRE, conFES RS fdn UsE Nghd he

di stribution value of the pixel value within the
strengtim extoaobingeunit 52. The strength extracting
unit 52 includes a uniform area extracting unit 71 and
a strength computing unit 72. A uniform area is
extracted from the input image 31 by the uniform area
extracting unit 71 like the uniform area extracting
unit 61 and uniform area information 73 is outputted.
In this case, regarding a steep area of the image,
information distinguished from other uniform area is
outputted as a non-uniform area. As indicated in FIG.
6, a, b, ¢, d, e and £ in the input image are uniform
areas while a filled area is a non-uniform area.

The uniform area information 73 is supplied to
the strength computing unit 72. The strength computing
unit 72 computes an average pixel value of the area and
a distribution value of the film grain for each uniform

area. To compute the distribution value of the film

12
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used. Then, the filmgrain strength information 54 is
conputed using the average pixel value and the 5

di stribution value of the filmgrain. The filmgrain
strength information 54 is an average val ue of the
distribution of the filmgrain in the range of a
predeterm ned area average val ue. For exanpl e,

gisaimi nfot hakambre | aagre thodnof Ougiry agke val serobut ien
pi xel value in a predetermned area, for exanple, an
walue off (e xp 189l pvabhs witin othd Sunifotm Sftea.may be
240 to 255 and that a pair of an area average val ue
irAa dhety.i fle & lynigraim stirenghi fiorformeddael Sihds

i nput image is (area average value 15 = 28,

Qﬁ@%%tqngatm avegge Bixel roobye qud thwo)
50 2 t he output filmagrain stren%}h |nfornat|on
Gl o 1d‘d€9/ !mw-“aln hzro)fllmf gtrﬁén

d R, B
a%e% il S“a;;u:;oerbﬂp Tefulh Garomtneie
dideR RG] D Atnen qn'hg,fgq@gﬁ%gg S P00

norna I'zall on PpProcess

dettrnl! éds aﬁ%@\és;e] QJ ! Qall i val ue sw table for gleegg

multiplie n1gra|nl%a3|c pattern- gener

on th?ogeéﬂgh de Sh@%um%ﬁg'&h%@e h@pi%nﬁgag% bR -

constituted of the conponent Vi eo SI g

aeaERlee vaYueCld f2theCh i xedMRANGR! Sn & %E%h%@e@ﬁlned
detecting the filmgrain 13 information with only

aleiaghiEaes e x@ingnal, ‘énaa&eadétfnq 16f k! T6gr plikeh8f 95MBL 4N
generated in each of the
15, 16 to 31, ..., 240 to 255 and that a pair of an
area average value and a distribution value in the
uniform area of the input image is (area average value
= 28, distribution value = 500), (30, 1000), (44, 400),
(250, 20), the output film grain strength information
is [0, 750(= (500 + 1000)/2, 400, ... , 20). If the
image is constituted of components R, G, B or ¥, Cb and
Cr, these are outputted for each component. The film
grain strength information undergoes normalization
processing such as turning to 1/1000, so that it is
converted to a value suitable for being multipiied with
a film grain basic pattern generated on the decoding
side.

If the input image is constituted of the
component video signal, for example, Y, Cb and Cr

components, a method of detecting the film grain
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conmponents Y, Cb and Cr corresponding to a detection
result and a nethod of detecting the filmgrain 5
informati on for each conponent and adding the film
grain informati on generated in each of the conponents
Y, Cb and C corresponding to a detection result are
avai | abl e. The basic pattern extracting processing in

'ihfermaeiahowgtﬂeaﬁ&ybsﬂi??EQQEBgsibﬁ§1p§05&§S£&&iﬂb"

be described schematically with reference to FIGS” 7A
f1bm FfaiAsinbovmatiofk| §endPatbheinnbheRNbAr €ReR i S

detected fromthe input inmage | of a franme. The size
cofipohentsi Yorfibaard Grisonssspendingbeood defléction

predet erm ned size, for exanple, (64 x 64) pixels. The
reswbt sand a heetingd opfn detecRingetbeviilbd ¢goain base
_band, |ow band and high band by the filter bank 62a.
infermabier nfeReeash eonpenent RG] &ddime they Hibln s

di vi ded de&ggding on the frequene% by the filter bank
IBHLE HN L ptpet Lo genexatef winreas n%geﬂéﬁ crmpPRPeNty Y.

the filter bank 62a for, sinplification of description.
C'ﬁ"@‘i 7‘L§ SHOES SR 1% & deiestiRpdirInligianssi on.

. 7B, its abscissa axis indicates spatia
a¢é§%%é;ﬁhJ frequency and its ordinate axis 25

LT DAYl SRS oo IO
e ggcmled GUSIEIE S PGS, L TS ©
de\(%{xtigi(;s'ﬁl isr?‘éfmrb'ale_gr Witn QeFAbdce viRrd B3 B
7C. As shown in FIG. 7A, the uniform area R is |
detected from the input image I of a frame. The size
of the uniform area R is assumed to be of a
predetermined size, for example, (64 x 64) pixels. The
pixels of the uniform area R are divided to a base band,
low band and high band by the filter bank 62a.

Although in the structure of FIG. 5, the low band is
divided depending on the frequency by the filter bank
62b, FIGS. 7A to 7C show an example of using only the
filter bank 62a for simplification of description.

FIG. 7B shows an example of'the frequency
division. In FIG. 7B, its abscissa axis indicates
spatial horizontal frequency and its ordinate axis
indicates spatial vertical frequency. A rectangular

area is base band Bl, an area in which both horizontal

and vertical frequencies are raised is high band B2 and
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I ndi cates positions of a border of the high band and a
solid line indicates positions of a border of the | ow
5 band. In this exanple, the frequency areas of the

| ow band and hi gh band overlap each other in the
vicinity of the mddle band. The output data of each
sub-band is supplied to the histogram conputing units

&3, afdaand whicHheotR thethorasvaOADPUAAAJvertichd
conmputes a hi stogram concerning a base band indicated
Ifreflenniés Gurd Qowdred hist bogwabandnpdit i Bg dotite®3Line
conputes a histogram concerning the base band
indl eates peositioms G a 7i)rdendof hthdilsiglyrisamd and a
conputing unit 63 conputes a 15 hi stogram concerning a
bhiee | Hiicates iresitionFiof a t@rder RIS the, 1owe
ordinate axis indicates the frequency and the

Radi sd& S Erampdtes thee fHeausney azessi oF dhe How
i xel value. Each divisjon section has 20 a . = |
%rfé‘ﬁe%‘f ARy %adwgé’vcﬁﬂt% A OkRER Ty dhe acke ke
The .hi st.o Fl, F2 and F3 indicate filmagrain basic
Opgtefthe% rﬁml‘%lgef%do'n In FIGS. 7Ato 7C, the filmgrain

| ' ' i bed. |
desor Ty bl R o eadodBE oY s sEppiiea to

thdl HEAI ] SIS Unitl U3 Ol Angigaper shan of

filmgrai'ns 1 n the range o aver age value

hAistR g avitlddmput id P kR IR AR a iés%%féﬁ#ef goes
normal i zati on processing as required. Next, the
cocetning anbape0®asdl Ahdikdted in F1 in FIG. 7C, the
histogram computing unit 63 computes a histogram
concerning the base band indicated in Fl1 in FIG. 7c;
and the histogram computing unit 63 combutes a
histogram concerning a base band indicated in Fl1 in FIG.
7cC.

In FIG. 7C, the ordinate axis indicates the
frequency and the abscissa axis indicates the division
section of the pixel value. Each division section has
a predetermined range of the pixel value for each band.
The histograms Fl, F2 and F3 indicate film grain basic
pattern information.

In FIGS. 7A to 7C, the film grain strength
information will not be described. As described above,
the film grain strength information is an average value
of the dispersion of film grains in the range of an

average value of pixels value in a predetermined area
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decoding side will be described. FIG 8 shows an
exanple of the filmagrain adding unit 41 on the 5
decodi ng side. The filmgrain adding unit 41 is
conposed of a filmgrain basic pattern generating unit
81, a pattern strength conputing unit 82, an area
average val ue conputing unit 83, a nultiplier 84 and

afll uadde§oéS- nghﬁaﬁi§hﬁlgﬁtPfﬁaeggﬂﬁﬁaabn e&ﬁgge 1 10

generates a pattern of the mgralnto

the deseeedtheBgerastera8ban@pridedséSing henfiha or al n
basic pattern information 53, and outputs a filmgrain

dbasdingaside wBbl Bbedpstirebedof HIwe fd |dR@FRidn i S
assuned to be an area of the same size as an area to

ebampte sef the £klmagraihn adéibasucipadl esm Bhet he
encoding side, for exanple, an area of (64 x 64)
decedirng siie ar dhevishlay @nsainuadidmguuindg Wi t1i83
obtains an average value of pixel values in a
cmm%rqﬁ rfeof 1.HR e@T@in t s He cerfette T ivedyen ¢ 1 b mat bt
for exanple, 20 an area of (16 x 16) pixels, and

Bjout?:)lR%ttQQ'F%r%%re‘éﬂ@F FORAFIRG NitTHE2 qraih aXeR age
avaI ue ?%‘fﬁ,qm&gﬁﬁ%fﬁlbﬁf attern strength and an
il 76t PER Pfgt“e‘%héﬁﬁﬁ%?%%9§asﬁﬁ‘a%2{é&2f aver age

correse%Zr?gﬁJng to t% @%%%1?1" %S,If"”’rl t%r ?’a ‘%{eedgq:th

tHd  RIdTId LA nre L& formation €7 from thngll%Ml%
assum ng that the ranges OP ﬁg

basic pattern information 53, and outputs a film grain

basic pattern 86. The pattern of the film grain is

assumed to be an area of the same size as an area to be

set for extracting the basic pattérn on the encoding

side, for example, an area of (64 x 64) pixels.

The area average value computing unit 83 obtains
an average value of pixel values in a predetermined
érea of the decoded image information 42, for example,
an area of (16 x 16) pixels, and outputs an area
average value 87. The area average value 87 is
supplied to the pattern strength computing unit 82.

The pattern strength computing unit 82 determines to
which average section of thé film grain strengfh
information 54 the area average value 87 belongs and
outputs a film grain strength corresponding to the

section as f£ilm grain strength information 88.
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average val ues of predetermned areas are 0 to 15, 16
to 31, .. , 240 to 255 and the filmagrain strength
information 54 at that tinme is [0, 750, 400, ..., 20],
5 the filmgrain strength outputted at that tinme is
750 if the inputted area average value is 23.
However, as described above, if the filmgrain

str enqi&r | M AT | Odls sbrivd iy D160t egphd ordwgaRl o2 agneon

processi ng on the encodi ng side prelimnarily, it is
0w Hdd egalwed oAl preddfemtiindd catehs asedofod 15, 16
multiplication for strength adjustnment. This

twr3m) | zatj o2 Oratyo b25 % aand echeufilm gtrain detoekhoch
side. The filmgrain basic pattern 86 is nultiplied by
informatien B4 3t rgmat htimg oksral @ on79B, a4 he. 15 20],
multiplier 84. A reconstructed filmgrain inmage 89 is
tin of el 9Tk tHereRgth pulpuigzed e thatn Yiee nis byl
89 is added to_the decoded i mage information 42 by the

o dde gglpw@%e%%oa‘r%@&e ANRYue GiR A8 t edOMeFRI has

adder I.n the adder |xels at osition in 20
%ﬂ“c‘?{“{% FR%R grif ntl?‘?refg’e1 QJ%W &’b‘iﬁi‘g%“% o RipFmata ap

Jtlﬁ61|)9‘td1’ i xel.s E%h%%]%%:lo%e%é i nf or ation tﬁ?ﬁal Pi It tr1ne
%qﬁcad%?% prsfiindids réﬁﬁd‘%e %%%ase?&cttﬁiﬁ Jaue

t t _
@ﬁﬁ%‘f‘ﬁéﬁ%’%&i £t ks ?&ﬁﬁ%ﬁe. or qifkdidh O an

iR Unirhi§ OnQEmaiZzﬁt'P@ﬁ ' rﬁQyV\bé hchpeibal 8@19 r Gh N
pattern for exanpl e,

the decoding side.

The film grain basic pattern 86 is multiplied by
the film grain strength information 88 and the
multiplier 84. A reconstructed film grain image 89 is
obtained from the multiplier 84. The film grain.image
89 is added to the decoded image information 42 by the
adder 89. The decoded image 43 is outputted from the
adder 85. In the adder 85, pixels at a position in
which the film grain image 89 corresponds to the (16 x
16) pixels of the decoded image information 42 in the
unit of the (16 x 16} pixels are summed up. The £ilm
grain image 89 is cut out from the basic pattern of the
(64 x 64) pixels generated by the basic pattern
generating unit 81.

In the meantime, the £film grain basic pattern 86

may be added by being shifted for every area unit to be
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every 16 x 16 (pixels) in order to obtain uniformty
on an imge screen. For exanple, assum ng that the
area size is Hx V and the pixel value of the pattern
is G5 (h, v) (0O h<H (0sv<YV), apattern shifted
by a random nunber nay be obtained by generating a
random nunber randh, randy (0 s randh < H, 0 s randy

ségg)ldi 5 wi&gﬂe&hgogmﬂwaanog;&ﬁew QP8 %to b

| owe i's pattern nay be assu

elvlel Q%a&n161883§§u%)p§ te e§5tEAé?t8& anPeoPdeY bn

randh +ran hows an
afX afRlgar ¥cgeerhi, QUFaLt| Qﬂaﬁf)léheasfamhﬂhgr 8hat bBBECarea
pattern generating unit 81. The basic pattern 81
siizel ideH & Noaad ghecpdiielgvanue 2% the batteghads G
mat ching units 92, 93, 94, 95 and 96, high- pass

(hi,| #9r £09Z hnd 89, (bow pagsvhi | hepat®8ranghibedansy a
synthesis filter bank 101. The noi se generating unit
rendgwnsbmbes maysbe pGiadnedobyegenandbingoasranpfiom
uni f orm random nunbers) 20 of the sane size (H x V)
nasbpneranﬂh»granﬂvbégis pandbr §, Hi 00 exuvapde, <(¥} and

pi xel s, Generated noise |s supplied to_the

tH?§t8@WHHFﬁB?Cﬂ| RgthRFR d2to WﬁeaﬁE§96bYaﬁ¢ﬁﬁ@cﬁﬁng

£ ﬂ% ﬁe erts oise so as to Bﬁ%a tial
PheC¥s G WY ¢ ?rﬁ‘iﬁlﬁi‘ i

r 5§ An exanpl e of conversion algorlthn1|n
bégég gﬁétgg?h 6histogrammatching unit 92 is achieved
A stwaéeuns&pgs;"flgng CRYMBE OV, LPakdl StP)am
mat ching al gorithmin the” hisfogra I'ng

FIG. 9 shows an exemplary conflguration of the
film grain basic pattern generating unit 81. The basic
pattern 81 includes a noilse generating unit 91,
histogram matching units 92, 93, 94, 95 and 96, high-
pass filters 97 and 99, low-pass filters 98 and 100 and
a synthesis filter bank 101.

The noise generating unit 91 generates noise
(Gauss noise, random noise of uniform random numbers)

of the same size (H x V) as the film grain basic
pattern, for example, (64 x 64) pixels. Generated
noise is supplied to the histogram matching unit 92.
The histogram matching unit 92 converts noise so as to
have substantially the same histogram as the film grain
basic pattern information 53. An example of conversion
algorithm in case where the histogram matching unit 922

is achieved by software processing is shown below.
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unit] 1. Assune that the m ni mum val ue and maxi mum
value of the histogramto be a matching object in the
filmgrain 5 basic pattern information 53 are CM N
CMAX and the quantity of division sections of the
hi st ogram between the CM N and CMAX i s nunber of
bins. bins indicates a division section of the

PR aRtdiElg SBFeFEthh Al e KA Gtd Smatchi
dlsfgﬂ%utlon functlon of a 10 hlstogran1cr%gte atching
urette]) ved or reproduced on the encoding side is CDF
ref(bin) (0 s bin < nunber of bins - 1). 2. Assune
Y ha#Asduwe ithat thegmaininouh prdlwd die mentiseam geaBiatohng
unit 91) is val org (h, v) and the 15 cunul ative
Wis thiighadrmam fhendie an it elieng mhjed dgimalthes £i0RF grragin
(bin) (0 s bin < nunber of bins-1). 3. For each factor
Fsich@atienn dinfiapmationrif mre/ CMIN,alCMAX gind sthe
obt ai ned according to the follow ng pseudo code.and

Quantgty of %V%Sé%;ﬂe&ttéd?% af tther hisitegrap hafween

| %E&g‘% %’5‘%\6 )53 )“u";/tgr- @%Mbl\llgﬁ( %ﬁﬁﬁeﬂ‘%&ﬁt% El|

4§50 | ecm&'aﬁ’f) Fpe Ylgtadirat, Ef2phhc. agpunt

t&g&wgy% ggméﬁgggbg dlg%rgh%% oﬁ'%%%% gghn%%chlng units

histogram created, received or reproduced on the
encoding side is CDF ref{bin) (0 = bin < number of bins
- 1).

2. Assume that the input signal (output of the noise
generating unit 91) is val org (h, v) and the
cumulative distribution function of the input signal is
CDF org (bin) (0 = bin < number of bins-1).

3. For each factor of the input signal val org(h, v},
val repl is obtained according to the following pseudo
code and val org (h, v) is replaced with that value.
val = CDF org (({(val org (h, v) - CMIN)/(CMAX - CMIN)*
{number of bins -1)));

for (i = 0;i <number of bins; i ++)

if (CDF ref(i)> = val)

break;

if (i == number of bins)i --;

val repl = i/(number of bins - 1)* (CMAX - CMIN) +
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96 have a histogram matching function of the above 5
descri bed al gorithm An output signal of the histogram
mat ching unit 92 is supplied to an anal ysis hi gh-pass
filter 97 and an analysis |ow pass filter 98; an

out put of the analysis high-pass filter 97 is
supplied to the histogram matching unit 93, and an

cRefkput of the 10 analysis |owpass filter 98 is
supplied to the histogram matching unit 94. Further,
an out put signal of the histogram matching unit 94 is
supplied to an analysis high-pass filter 99 and an

anal yphé demePaststobifh rPlen iy ken L8l Py, 064t Nes ang
anal ysis high-pass filter 99 is supplied to the

9bi savgrannistebrag matthdhg Binetidntodf thBeavapal ysi s

| ow-pass filter 100 is supplied to the histogram
dest¢rhved abyordthmTherd idubpyrtaisidmal o palieistogram

informati on 53 20 provi des each of the histogram
magcling guuht t $2 9Ps t pugBlied tio disd fanalyshs shbgh apass

information. The histogram information FI in FIG 7C
Eiktenpdl iand tan tapa iy st ghampans cii e 8., 9n beoguste

it _concerns the base band. _The histograminformation
of-the anphyiit Mighmass Hiktey S imtsunmilehi to dde
h.bqt;:ause it tcc%gicer ns ; high band. The hi st o%%r am

LS HATAR R NG W 4 Bd AW (3 OHRROGRAIR chi ng

i.l..94 because it..conc s a low_ .20 bhand.. D vision
arilslsis’ e 1 T 0 S eoprane Bhding) «
niU PR S ddHhi6l 2% 99 and the analysis
Further, an output signal of the histogram

matching unit 94 is supplied to an analysis high-pass
filter 99 and an analysis low-pass filter 100, an
output of the analysis high-pass filter 99 is supplied
to the histogram matching unit 95, an output of the
analysis low-pass filter 100 is supplied to the

histogram matching unit 96.
The film grain basic pattern information 53

provides each of the histogram matching units 92 to 96
with different histogram information. The histogram
information F1 in FIG. 7C is supplied to the histogram
matching unit 92 because it concerns the base band.
The histogram information F2 is suﬁplied to the
histogram matching unit 93 because it concerns a high
band. The histogram information F3 is supplied to the

histogram matching unit 94 because it concerns a low
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| owpass filters 98 and 100, conponents of each sub 5
band are supplied to the synthesis filter bank 101.

-The synthesis filter bank 101 includes a synthesis

hi gh-pass filter 102 to which an output signal of the
hi stogram matching unit 93 is supplied, a synthesis
hi gh-pass filter 103 to which an output signal of the

BAnhi stogram matching unit 95 is supplied, and a
synthesis I|owpass filter 104 to which an out put

si gnalpDfishen &f StRGr i THAcdi 19 o&k+i88 b8t SHPPLhEd.
An out put signal of the synthesis high-pass filter
df31petls ahight pass stybeérsf 97 handyap headsthevwanabypass
filter 104 are sunmed up by an adder 105, while an

bowppdssi fhhtens 98eangnidesi compgheptssofi aeh 2GB-
and an output signal of the adder 105 are sumed up
byndaredeepplied tThethe | sygthesibafittent bank 101.
information 86 is fetched out to the output of the
Hrletyntmesin fhtteon bankilodk, ingludes yatsyethesise
synthesis filter bank corresponds to the structure of
Mighpassi B AT 112 LREGR ¥ eWerehcobonal pfiethe

The strength is. cted or adjusted. b [tiplyi
HAREQYTAR PR IL W Ha forip HHER TR orf GBI BRI

AR S0 EOR0 G T SR, B gmr el
(B YA SHFE N SIS g F i
St SEERUEG L MAIPUA DIt LS B pne
Hieaulhen inatdiBidefthit 96 is supplied.

An output signal of the synthesis high-pass
filter 103 and an output signal of the synthesis low-
pass filter 104 are summed up by an adder 105, while an
output signal of the synthesis high-pass filter 102 and
an output signal of the adder 105 are summed up by an
adder 106. The film grain basic pattern information 86
is fetched out to the output of the adder 106. In the
meantime, the structure of the synthesis filter bank
corresponds to the structure of the division of the
sub-band on the encoding side.

The strength is corrected or adjusted by
multiplying the f£ilm grain basic pattern information 86
with the film grain strength information 88 by means of

the multiplier 84 as described above. The film grain

image 89 after its strength is adjusted is added to the
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FIG 10 explains schematically reconstruction 5
processing of the filmgrain i mage on the decodi ng
side. The filmgrain basic pattern 86 whose noi se
hi stogram is substantially the sanme as the filmgrain
basic pattern information 53 is generated by the
basic pattern generating unit 81. The filmgrain
laeal t [ f 1,64 pi.xel s .and an.area
aBBoabe dndi) SpEoIRaio Ao dheel chl B WA
dBebtlerl lifiagl443 RaGh Bne #iled Grala! holrdhfaFIbhod oat
is created  on the encoding side~and siored and thé
bgt hegbt kfifateeneyi enc8ling andPdkbedingr A8SBBRA:AE4L O
the 15 average value 87 of pixel valués in (16 x 16)
pi xel FIGr ed0 oéxphainecodrRémhtRe&1l{f B6688hELPudRiodne
strength of the basic pattern 86 is adjusted by this
psoreagihg phf theafidm §Baifhembigenogr #he dee9aily side.
whose strength is adjusted is added to the area of
Theefilw grabh Daspexphttefnt A6 whosdedoisaghistogram
information 42 by the adder 85 by the unit of the
1§iﬁ%P?tﬁER%?1§En%hﬂeﬁﬁﬂﬁsaﬁftbﬁoééé@iﬂgaimrb@ximaction
of the filmgrain informati on and reconstruction of
P?FEer?i+ﬂ$@¥§?ﬁl?ﬂa§% 1% | geperaked rbpetheybazkeng a
case of 25 t onent. video sjgnal as an exanple.
pef T i

. CO
rﬁlgegfﬁﬁé;%gf'?%F }Foc HEEn Ré&dding to
tg? fiéét.$ro eﬁé%qg thod, the filmgrain basic
PELETER PO-F ntor Tt i 5P Sh PFI9 1 v psaramytef (16 x
14 NT9{-ped & r € . gach of the conmponent
AT g e (S TR Senls S0 g JRRECTRELST B
pi ecethd rfaMnP i @B ength information 54 is created
on the encoding side and stored and the strength
information 88 is outputted corresponding to the

average value 87 of pixel values in (16 x 16) pixel

area of the decoded image information 42. The strength

‘of the basic pattern 86 is adjusted by this strength

information 88. The film grain image 89 whose strength
is adjusted is added to the area of the (16 x 16)
pixels of the decoded image information 42 by the adder
85 by the unit of the pixel.

Next, some methods of processing for extraction
of the film grain information and reconstruction of the
film grain image will be described by taking a case of
the component video signal as an example. FIG. 11
shows a first processing method. According to the

first processing method, the film grain basic pattern
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The figure shows an inmage signal in which scene A and
5 scene B exist. On the decoding side, the filmgrain
is reconstructed using the filmgrain basic pattern
information and filmgrain strength information of
each frame for each of the conponents Y, C and Cb.
FIG 12 shows a second processi ng nethod. 10 According

iafbiMateeaNdnar P8RS igRa iR ngithe 1hiEbMna®idhh sRasi ¢

pattern information and the filmgrain strengt

epteagBbiofof 8aekt bECtad tompeaehtal yiher apAPeReRbSas
Y, O and Cb. The filmgrain basic pattern
tof extebconthesexingormdtabnopliycasfl Feohm ahchherhmad
of 15 each scene. On the decoding side, extracted
Thei €igpuet shawsnéor imagensignadednceimonl ycéae al hnd
the frames in the sane scene. The filmgrain strength
$aenenBt e¥hsti s Axtthet@rcdding agideonponeitlm i deatmeis
first processing nethod in each frame. 20 FIG 13
speRshruated wsbrgsthagfidmhgrainpbesidi pgtternhe
third processing nethod, the film grain basic pattern
+Pﬁ%ﬁ%§$+%ﬁ ard oS3 tmcoEgin, shienglh iptoppathemeef each

ignal _Y in the conponent. The film grain basic
%%P%r °¥n?%?lﬁ'a?fo ¢ SCRRPPRERES ¥n Ohi3Pd 9B frane at
the h of scene, On the decoding side t he

extr ac;eff%d‘ blaéﬁsg{]oﬁvaﬁ taer%ecf?ﬂ%r%%eiﬁﬁlirhggﬂ?eﬂ’d%‘ommnl y

r [ 23,

Alodbing (A Ko dida IHROAIN TS Bt THe Fim

FATRB LS E BaLAGh COIROARNE 141 Kend Nhd [ #51m REAEESST NI
met hod in each frane.

strength information are extracted for each of the
components Y, Cr and Cb. The film grain basic pattern
information is extracted at only a frame at the head of
each scene. On the decoding side, extracted basic
pattern information is used commonly for all the frames
in the same scene. The film grain strength information
is extracted for each component like the first
processing method in each frame.

FIG. 13 shows a third processing method.
According to the third processing method, the film
grain basic pattern information is extracted from only
the brightness signal Y in the component. The film
grain basic pattern information is extracted in only a
frame at the head of each scene. On the decoding side,

the extracted basic pattern information is used

commonly for all frames and all components of the same
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FIG 14 shows a fourth processing nethod. 5 According
to the fourth processing nethod, the film grain basic

- pattern information and filmgrain strength

information are extracted for each of the conponents
Y, O and Cb. Both the filmgrain basic pattern
information and filmgrain strength information is 10

sVEACt eHel Bi0Rl Yraihr 8¥ReabthNenkERMalioR2ER SceENeE.
On the decoding side, the extracted basic pattern

eixtiraicteld Torakdch cRRgidhdntl QrmKRl it 19 45 98 RIEFRRlGY
for all the franes in the sane scene. FI G 5 shows a

meithiold pnoeashi dgamet.hod. 15 According to the fifth
processing nethod, the film grain basic pattern

i nf or R&6Gi oh4i shewsr acfedrthoprbbesshngghebhsed.si gnal Y
in the conponents. The filmgrain basic pattern
Acepsdingi 6@ theefonxtheprogesslingameihod, &het Wélhead
of each scene. On the decoding side, the 20 extracted
apadpcbpaicepatiarsr Apfremationsandcimidnbyainostaphgth
i%Ee frapnes and all the conponents in the sane scene.

8TPALAOR, Ff §FFEﬁSFﬁdiﬁPBrﬁﬁFPoﬁfi§ﬁee%$mﬁéﬁéﬁt$o¥:
h h Y, C.and Cb. T i i
CErFBATER" I IO P it RRp 6, RAKGEED 2o 1 ame
: d . t he. decodi i d th
1kottifr16R%aRa £250 SEEDS. ofRendfn PEFoHRS SoRoty |

e§99289éa iﬂroﬁf%r%fﬁggﬂgegﬁ the 3l %hgffégggf%génépe

4 sane scene. shows "a si xth proce

ONBERO Udecd@LRy diide | Orhd CoRt X4 E: £ U5£SPE NP FREARY,
both the film

info;mation and strength information are used commonly

for all the frames in the same scene.

FIG. 15 shows a fifth processing method.
According to the fifth processing method, the film
grain basic pattern information is extracted from the
brightness signal Y in the components. The film grain
basic pattern information is extracted in only a frame
at the head of each scene. On the decoding side, the
extracted basic pattern information is used commonly
for all the frames and all the components in the same
scene. The film grain strength information is
extracted for each of the components Y, Cr and Cb. The
film grain strength information is extracted in only a
frame at the head of each scene. On the decoding side,
fhe extracted film grain strength information is used

commonly for each component in all the frames of the
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grain basic pattern information and the filmgrain 5
strength information are extracted fromonly the

bri ghtness signal Y in the conponents. On the decoding-
side, both the extracted basic pattern information and
strength information are used commonly for all the
frames and all the conponents in the sane scene. 10 O

sameabognedescri bed first to sixth processing
nmet hods, an appropriate nethod is used considering the

r el at i BFG bel 6iesinowsmag es kit | pyodaps ONgesthed f ect by
adding the filmgrains and the quantity of data of the
A¢cordingntponthenaikbn pvotessingsmethed, Bothhehe f£hem
15 first to sixth processing nethods nmay be so

Fonie rhesia pPahherswinbermetton hanéotheafiibe geatut ed
and may be switched over by user's operation. The
SHERRE W nt_EFma hiop rake ex traeted ofiromvenlyctine

descri bed specifjcal]y above. The present 20 invention

bighiness $19hah § ol Hohe RABARARES hon dhsodiorokiag
Flble oM Caift}]e {)Ff)‘?:%l ed |1in%a/qr| ous Q/S based on#j!]oezhsand
PP iU Je st%oﬂec%ﬁu?qrﬁ?%a iy 25
idnRed Ié}{ha&ﬁ\«gri &g.lﬁ@ﬁ&%y Hd EhlLLAG s 1o

produce four 45 & et

Process Rgie dIv-3R se2ABRRC S s3C G %ﬁgﬁht r‘b%%ﬁfs&!n@

25 grain basic pattern information, er than t

mRltio@s ,Meii iapiApigad mMaEneRy ke @%@%@151’8&&3@ the
the present invention allows use of other enco
redipltden between image quality improvement effect by
adding the film grains and the quantity of data of the
film grain information to be transmitted. Further, the
first to sixth processing methods may be so constructed
that two or more thereof can be selected and may be
switched over by user's operation.

The embodiments of the present invention have
been described specifically above. The present
invention is not restricted to the above-described
embodiments but may be modified in various ways based
on the technical spirit of the invention. For example,
as for the division method of the sub-band, it may be

divided to two sections in the horizontal frequency

direction and vertical frequency direction so as to

produce four sub-bands. Further, as a method of

processing the noise components according to the film
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15

such as MPE& than the MPEG 4 AVC (or H.264) as a high
5 efficiency encoding nethod for animation. According
to the present invention, the film grain information
| ost on the decoding side is extracted efficiently on
the encoding side. and transmtted to the decoding
side or recorded in the 10 recording nedium On the

gteaadiae iy $attehd finlEeriadidn i Q)ftﬁ'é?;tth i kﬂeg%b%%@d

to an image is reconstructed fromt obt ai ne
menfraomed algond thfidrdyt Bet AQopeeadedrul-fREE; the
Consequently, the decoded image is provided wth film
Prestuorte invehltdbnt A lowrgasegualti byheaneheoddnynpeeunsd
largely. 26 CLAIMS 1. An inage processing apparatus
sfich hEgMPE6GRI thancyheeMEBGH-AgAVE §ori HpR64)nagea high
signal, conprising: area detecting neans for detecting
effilgiencysengpdingi ngthodsferpanhimagtonn an i nput
image; first extracting neans for extracting basic
pat t AFCPRALRFRES okhe RFeser hglaveriion di the  Bitmon of
gEixel ¥ lues in the area detected by the area

RERHPHETMALLAR : 1agit @R ohlae ederadinggsiants f or

LPrEREed S EE LS Ry ok nEES eBtoaliecsidmindans for
eEAARTL LA o D EERIDR P E08 S e Geraad eiion,
recording medium. On the decoding side, the film grain
information to be added to an iﬁage is reconstructed
from the obtained information and added to the decoded
image. Consequently, the decoded image is provided
with film texture so that the image quality can be

improved largely.
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2. The inmage processing apparatus according to claim
1, wherein the first extracting neans is an i nage

processi ng apparatus enploying a frequency
distribution of pixel values in the area as the basic

pattern 20 information. 3. The imge processing
apparatus according to claim 1, wherein the first

extracting neans is an i ragaMProcessi ng apparatus for
dividing the pixels in the area into a plurality of

T equetre yinksarel preovk sxdn@ Appgrdtud o asi gh et £éiency
for each frequency band. 4. The inmage processing

elppat g sof cvorpwt timageai sigrial whesmpai ¢ deg second
extracting nmeans is an inmage 27 processi ng apparatus
for g@reaatdateatiag meang Fox dedrareting aroramspondi ng
to an average value of the pixels in each area. 5.

CARE 3R 1o cdeah chaspie stusamciomuti gnageclaim 5

1, wherein the first and second extracting nmeans
det ectflrtsﬁe exISACIAG Seans formeterciiaa hasia engt h

.each frane in the input imge. 6. The

f
AR AR S AR e ot drg Jidltgihution of
R AR, il el AR et B 1Pl S dgitecting

ﬂegggrnatlon for each scene in the |nput i mge. 7. The
| mage processing apparatus according to claim 1,

wher ekBcBHE e&tkgét%hQSEeﬁﬂg £62084 5§L£ﬁ§t5@9 f52R°

detects one of I C patternln ornatron a

id%ognaeashh inaieafhigORnkOstea0[th" 8Fa0k15Re o'rARY! to
i mage
be added; and

-means for transmitting or recording encoded data,
the basic pattern information and the strength
informaticn. '

2. The image processing apparatus aGCOrding to claim
l, wherein the first extracting means is an image
processing apparatus employing a frequency distribution

of pixel values in the area as the basic pattern

~ information.

3. The image processing apparatus according to claim
1, wherein the first extracting means is an image
processing apparatus for dividing the pixels in the
area into a plurality of frequency bands and extracting
the basic pattern for each frequency band.

4, The image processing apparatus according to claim

1, wherein the second extracting means is an image
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while the other of the first and second extracting
nmeans detects the other of the basic pattern
informati on and the strength information for each
scene of the input inmage. 20 8. An inmage processing
apparatus for receiving or reproducing encoded data
by high efficiency encoding, basic pattern

Rl Bl A o d e o A tﬂﬁ' tx ﬁ'e

val ues in an area contal ni ng no ang

iinFotinat TRGE oo fpl'oemtrig 4> i %‘&talg@ x}

extent of adding | mgrain, conprising: Sgco |ng

pimens fier edetodires .encoded data; 28 -------------
basic pattern generating neans for reconstructing a

5f.i | m hei dimagegprbyesenvigr appgratuevakcdirai higbtbi eNaim
of random noi se to the sane one as the |evel

1di wherbdni ¢dhei ddirsdt edd sevoadbaxitragdting means detect
i nfornmation; strength adjusting nmeans for adjusting
thgebasieeRgtiesn dnformatignaand rhge sarengthng to t he
strength information; and addi ng neans for adding the
ipfrrPgtarh EREgeaEh frewe inr shet hnpytadiageed to

6deco g |q$%e information obtained by the decodi ng
freans. 9.+ gelHﬁﬂ%eﬁ$b%%s§Pﬂﬁr%E%ﬁr%?%%rﬁk%@rﬁ¢n@lq%m

ralnlrme

I he
Lgefafhedh Bye' ErBefiefl SarPatnSutrertinagtaeancap tect
tﬁgtbgyicaﬁgteggﬁdlnformatlon and the strength

information for each scene in the input image.

7. The image processing apparatus according to claim

1, wherein one of the first and second extracting means

detects one of the basic pattern information and the
strength information for each frame of the input image
while the other of the first and second extracting
means detects the other of the basic pattern
information and the strength information for each scene
of the input image.

8. An image processing apparatus for receiving or
reproducing encoded data by high efficiency encoding,
basic pattern information indicating a level

distribution of pixel values in an area containing no

steep change in the input image and strength

information indicating an extent of adding film grain,
comprising:

decoding means for decoding encoded data:

28




10

15

20

25

15 to the decoded image information. 10. The inage
processi ng apparatus according to claim 9, wherein
the position of the cut out area is changed at
random 11. The inmage processi ng apparatus accordi ng
to claim 20 8, wherein the strength adjusting neans
adj usts the strength in each specified area in the
i mge. bh2icApatitesd BeReeating HRRAAFLS E@Eoﬂ s%ucting
efficiency encoding an input 1nmage signal, _
tr didm tgiraig dmages Gy Hohde2tAdEG qmla@qs&%%t&%n
the received or 25 reproduced encoded data, wherein
plic randodti ngisieddot tbecshmenonedas: thkededeliect i ng
neans for detecting an area 29 containing no steep
digtgdbufion inddcaitedgdn thier basdct pattiemg nmeans for
extracting basic pattern information indicating a
fefermaitdepibuti on of pixel values in the area
det ect ed bg the area detecting 5 neans; second
extracFFﬁ% @ERn3dJBFtBe AMaang EeF eadiusting othet i on
rength of a filmgrain to be added,

d
HgﬁgghggFthPr%ﬁ§ﬂ19F?ﬁﬁ ¢magecaFaPrdingctaetheaat a,
| £ ern i nformati on and the strength
ﬁ%ﬁ o, og %ﬂ%'dﬁ%gding si de t her eof gngluges
odu e encode at a,
{’EZ”Eaé'?%lﬁi‘*?e%ﬂn@gfé’%r B S Sl cipadd

whose strength is adJusted to decoded image information

obtained by the decoding means.

9. The image processing apparatus according to claim
8, wherein an area in the film grain image generated by
the basic pattern generating means is cut out and added
to the decoded image information.

10. The image processing apparatus according to claim
9, wherein the position of the cut out area is changed
at random.

11. The image processing apparatus according to claim
8,_wherein the strength adjusting means adjusts the
strength in each specified area in the image.

12, An image processing apparatus for high efficiency

-encoding an input image signal, transmitting or

recording encoded data and decoding the received or
reproduced encoded data, wherein
the encoding side thereof includes:

area detecting means for detecting an area
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15 information; basic pattern generating nmeans for
reconstructing a filmgrain image by converting a
| evel distribution of random noise to the same one as
the level distribution indicated in the basic pattern
20 information; strength adjusting neans for adjusting
the strength of the filmgrain imge according to the

agt h ol | OR; addi.ng . . ddi th

Pt AT e B EReboehaRas T B ABRE ahRhefc (0
i 'n Tmage 25 i _ _
RS e s A

petteshenfform@t €66 0dhagcabihgpyat 15980€a S5 8P8bution of
conprising: an area detecting step of detecting an

pixeh vabuoedi Dhngheocaséfefetbonss by Be i APeh 48BE8LiRg
first extracting step of extracting basic 5 pattern

meéafhior mati on i ndicating a |l evel distribution of pixe
values in the area detected by the area detecting

. st ep;secyut @RERaG i ineprst efpofotataiai imongs taterangt h
_information indicating the strength of a filmgrain to

infppea iRk dkndikep Hing dfiefs trength taf iy Hrlm egoaih ngp
encoded data, the basic pattern information and the

be 13448 h @%hformation. 14. An inmmge processing method

for recei vifwgc Qr Caas .
means fo ransmitting or recording encoded data,

the basic pattern information and the strength
information, and

the decoding side thereof includes:

means for receiving or reproducing the encoded
data, the basic pattern information and the strength
information:

basic pattern generating means for reconstructing
a film grain image by converting a level distribution
of random noise to the same one as the level
distribution indicated in the basic pattern
information:

strength adjusting means for adjusting the
strength of the film grain image according to the
strength information; and

adding means for adding the film grain image
whose strength is adjusted to decoded image iﬁformation
obtained by the decoding means.

i3. An image processing method for high efficiency
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15 reproduci ng encoded data by high efficiency
encodi ng, basic pattern information indicating a

| evel distribution of pixel values in an area
containing no steep change in an input imge, and
strength information indicating an extent of adding a
filmgrain, 20 conprising: a decoding step of

Slesodi ng @w09ﬁﬁ@tdfmé§easpeﬁé£.peamﬁfﬂsgﬁa?rating step
|

of reconstructing a filmgrain inmge by Converting a

| evel afi Hidduidtattnig B BN USEEOIACars HFHNE aS
the level 25 distribution indicated in the basic

gaitaerming nMorstedérechangd rancim hehwst imggss ep of
adjusting the 31 strength of the filmgrain inmage
accor éi fgust teheratirgnytstepnfof reattiragtiang wasiaddi ng
step of adding the filmgrain image whose strength is
Rt igstre dinfo eeattoideyl dndiigzat inforamleonl &iotat thuwieibn rof
t he decoding step. 15. An image processing nethod for
i sBliuaseidy theh@fiahdlaiedtgiliby nthe aremaletecting
transmtting or recording encoded data and decodi ng
BPir ecei ved or reproduced encoded data, wherein 10

processi ng on the encqdi ng, side thereaof .includes: an
o ea QePELLRAy SHEEFOI NPEERI 16 &R B4, GHEAPAAg
SBRgEBR o 9B o30SR B 3 A
peNdiaGaly. NGy | evel distribution of

a step of transmitting or recording encoded data,
the basic pattern information and the strength
information.
14. An image processing method for receiving or
reproducing encoded data by high efficiency encoding,
basic pattern information indicating a level
distribution of pixel values in an area containing no
steep change in an input image, and strength
information indicating an extent of adding a film grain,
comprising:

a decoding step of decoding encoded data:

a basic pattern generating step of reconstructing
a film grain image by converting a level distribution
of random noise to the same one as the level
distribution indicated in the basic pattern
information; -

a strength adjusting step of adjusting the
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15 pixel values in the area detected by the area
detecting step; a second extracting step of obtaining
strength information indicating the strength of a
filmgrain to be added; and 20 a step of transmtting
or recording encoded data, the basic pattern
informati on and the strength information, and

REQGRAH W thd 1 P RUNY MR DA AN BE | 2

step of receiving or repro

dtheas 6 nFddati dr)f (@At i on and the strength
information; a basic pattern generating step of

reconahr aaaing s¥dplbraalighiRygtaknsiMmggrlY nCeRuget i Ng

a level distribution of random noise to the sanme one
wansehetirevefth disstadjugttiedn tiondieeaded iifhalgee ibFsiration
pattern information; 5 a strength adjusting step of
chttpiseidngnt kbe dieceddnly sftephe fil mgrain i mage
according to the strength information; and an adding
18tep B a@agAgrrheessinggmethodnfige hipbseffickeneh is
adj usted to decoded image information 10 obtai ned by
eppeddegoanndnpugpimgge signal, transmitting or
recording encoded data and decoding the received or
reproduced encoded data, wherein

processing on the encoding side thereof includes:

an area detecting step of detecting an area
containing no steep change in an input image;

a first extracting step of extracting basic
pattern information indicating a level distribution of
pixel values in the area detected by the area detecting
step;

a second extracting step of obtaining strength
information indicating the strength of a film grain to

be added: and

a step of transmitting or recording encoded data,

-the basic pattern information and the strength

information, and
processing on the decoding side thereof includes:
a step of receiving or reproducing the encoded
data, the basic pattern information and the strength

information;

- a basic pattern generating step of recomstructing
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a film grain image by converting a level distribution
of random noise to the same one as the level
distribution indicated in the basic pattern
information;

a strength adjusting step of adjusting the
strength of the film grain image according to the
strength information; and

an adding step of adding the f£ilm grain image
whose strength is adjusted to decoded image information

obtained by the decoding step.
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