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DESCRIPTION IMAGE PROCESSING APPARATUS AND IMAGE
PROCESSING METHOD TECHNICAL FIELD 5 The present invention
relates to an image processing apparatus and image processing method
which are applicable for a case of encoding, for example, a film image
using MPEG-4 AVC (or H.264) encoding. 10 BACKGROUND ART A
conver_ltional image_ transmittingg%%eéri\éinrg apparatus or image
recording/reproducing apparal% S feinatter both will be referred to as

iushimrage: dransmittingappatatigwillbe deseribeshwith 45 referenceto,

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
15 <hisSibR 20 system. Data obtained on a receiving/reproduction

side isﬂggo?%% y.an imqgee %ccgrginr%l:dra}ilc%g sp.asto %btgin a decoded
image 16. After the amount o?t e input image data is re lEed to
rone-severaklin kp-pae-severat tenths by dhe 25-magegneeding unitd2.the
data is sent or recorded. For example, the image data can be lowered to a
i sATISSion datkcoffs Mbs:by MEEGIEAYC(er H264) ekample, a

film image using MPEG-4 AVC (or H.264) encoding.

BACKGROUND ART

A conventional image transmitting/receiving
apparatus or image recording/reproducing apparatus
(hereinafter both will be referred tc as Jjust 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 receiving/reproduction side
is decoded by an image decoding unit 15 s¢ as to obtain
a decoded image 16.

After the amount of the input image data is
reduced to one-severalth to cone-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)
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encoding. Because of such encoding, a difference between the decoded
image 16 and the input image 11 is recognized as deterioration by a man.
The conventional image transmitting apparatus 5 reduces the amount of
the input image data at the time of transmission or recording. Generally,
the image encoding standard such as the MPEG-4 AVC (or H.264)
encoding has stipulated a method of reducing the data amount effectively

SHERBI P marBase M ferfatiirhor bR Hisharfvidd S 5reaston.
dleuRis. uadeqinied UARYEISTPAANTdt greierage eaparilyy o
the detail information of the image Is damaged largety. Par |C€Iarly, whéen
deansyiingdrascakling-filor Amagas sych asdnqvie, film grain information
which 15 expresses a large amount of the texture of a movie is lost, so
that thé'j@alipp BV ¢adddathiinagesis eddtepomdd tamarkablya FdGL2A

shows an example of film image applied as_ the inputimage 11, and FIG.
P55t e AIRHIR bf He SUFOURIAH 11REEeL 8 A Fevideritfork Lme

ol G Afb 4 2P0 AlIBRUGR - limgrain dlid rdglecte as g gualty
of film can be perceived in the inputimage 21, the deco eg |magg 2
epiesanise Batindgedenatiseasosthel tipHimgraingniosmation éulpst.
Since the film 25 grain is lost, there is a problem that the film texture
epgHbipe depsegtipulated a method of reducing the data
amount effectively without remarkable deterioration for
the human wvisual perception. Howevér, under a limited
transmission band width or storage capacity, the detail
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 the 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 perceived 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 film texture
cannot be sensed.

Conventionally, Japanese Patent Application Laid-
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Conventionally, Japanese Patent Application Laid- 2 Open (JP-A) No.
11-250246 has stated that the sharpness is stressed by suppressing
noises of an image fetched in by a scanner. The apparatus disclosed in
JP-A-11-250246 intends 5 to suppress the grain noise particular to the
film image but not to improve the film image texture lost for encoding by

high efficiency encodin the decoding side. Embodiments of
Otﬁ%%rgs%n_t]h%gmibnﬁp%%ﬁé%gg%ﬁﬁwaﬁgap% esiRy apparatus &R eSS
sprocessing method in,which lossof film grain information is.hardly sensed
on the decoding side so as to maintain the film texture of an input image,
ithereby=consequently improving the image quality largely. 15
DISCLOSURE OF THE INVENTION A first aspect of the present invention
provides&n FEGE processimfapsaratusor Righefficiency Encodirysrs
A0 putiade signal, compriging; 2018 detecting means foy defecting
an area containing n% steep change inan input image; irSt ex rag}ing
imeaRs tarexiracting basic.pattern information: indicating adevel 1ost

distribution of pixel values in the area detected by the area detecting
for encoding by high efficiency encoding system on the
decoding =zide.

Embodiments of the present invention provide an
image processing apparatus and processing method in
which loss of film grain information is hardly sensed
on the decoding side so as to maintain the film texture
of an input image, thereby conseguently improving the

image qguallty largely.

DISCLOSURE OF THE INVENTION

A first aspect of the present invention provides
an lmage processing apparatus for high efficiency
encoding cof an input image signal, comprising:

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
mearnsr;s

second extracting means for obtaining strength



25 means; second extracting means for obtaining strength 3 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 5 information. 4 A second aspect of the present invention
provides an image processing apparatus for receiving or reproducing
.encoded data by high efficiency encoding, basic pattern information

RARAIA] AJvarS dise buidn o pier VANIES I & afed boftaffiig ot
steep ghange inthe input image and strength information indicating an
extent of adding film grain, comprising: decoding means for decoding
encodetedata; Dasicipattesm genhérafingmmeansfof teconrstructing adkd a,
film grain image by converting a level distribution of random noise to the
Hiné oRé Qsthé Tevat distdbatioh” indicated it fife Badie paiérn
ﬂg@é@ﬁyggbﬁ(ength .adjusting means fgr adjust.ing the strength of the film
5 grain image according to the strength information; and adding means
for adding the film grain image whose strength is adjusted to decoded
image information
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obtained by the decoding means. 5 A third aspect of the present invention
provides 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 10
thereof includes: area detecting means for detecting an area containing
no steep change in an input image; first extracting means, for extractin
basic pattern information indicating a f%veﬁc%stribuﬂgref%f”b&%l Rafues
dhe area dejacted by, theyateadeteeting 15.means; segend gxtracting
means for obtaining strength information indicating the strength of a film
arancou beragded cand thedmsdob trahsmitting OL reécanding cencatied; ,
data, the basic pattern information and the strength information, and the

Rfstodint SibiE ThereBf 28 TRiIdEEs: ThcHTSfot Peceiving Bt teproducing the
coded faja,Ihg basicpattern jijornation and (e, skanlh infaration:
basic pattern generating means for reconstructing a film grain image by
scoswertifigha develdistribution ot rangom: naise te the:same one as 25 the

level distribution indicated in the basic pattern information; strength
iatjastig-ieRns fotatilistiig the sténdth of the fild geain imagerain,

agcording to the,§ strength informatipn; and adding means for adding the

basic pattern generating means for reconstructing a

3

film grain image by converting a level distribution of
random noilse to the same cne as the level distribution
indicated in the basic pattern information; strength

adijusting means for adiusting the strength of the film
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film grain image whose strength is adjusted to decoded image information
obtained by the decoding means. A fourth aspect of the present invention
provides 5 an image processing method for high efficiency encoding an
input image signal, comprising: 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 10 distribution %f
e valieshn the aréa fetboted by the areh dbtocling S1dp: = Sekort”
Lxtiracyng step; of: obtaining sirength information-indicating. thestrength  of
a film grain to be added; and a step of transmitting or recording encoded
dataythetbasic patterntinformatios d5camd thressirengtht mformation. A fifth
aspect of the present invention provides an image processing method for

FREEvIHE e produciHTg Ehtbded @aEE by high efficiency encoding, basic
pattern; nfoymtion Jndicating a eyelsisitauton o pixel 20,values .20

area containing no steep change in an input image, and stre
dnformatienindicating an exieatefagdinga fim grais fcampHsing: a
decoding step of decoding encoded data; a basic pattern generating step
Gtreconstruting sl gradd imagaby 26 converingta flevel distribution of
rggg% inois&t}o toh ega@aejr%n%la% t%eelec\)/e:ngistri ution indicated in the
asic paf%grn information; a stréngth adiugtinggstg BfrECELVed oF
reproduced encoded data, wherein the encoding side
therecof includes: area detecting means for detecting an
area ceontaining 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 & £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
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 adiusting the

strength of the film grain image according to the
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6a adjusting the strength of the film grain image according to the strength
information; and an adding step of adding the film grain image whose
strength is adjusted to decoded image information obtained in the 5
decoding step. A sixth aspect of the present invention provides an image
processing method for high efficiency encoding an input image signal,
transmltclkqg 0 éecordln encod a.and decodmgﬁthe received or

Teprodtced 10 ehesded Bata e? R BIEcESEHY on e BRtodiAg Sitfe
thereofinclydes; an-arga deteclingstep of detegting .an.area.conaining;

no steep change in an input image; a first extractlng step of extracting
besipepdttern rimddrmetioriindicating adeveldistrbutiomaof pixelkb values
in the area detected by the area detecting step; a second extracting step

of obtaifii rrgoﬁi*’eﬁbtﬁ SiRfctmatibn ihdic iRy e strehgth bf- 8 %ilr Hainds s
A¢ added. and a étoe&gf raSOutting or re§ %n% chggiled gdata, the, at?rl:%
or

pattern information and the 20 strength in ation, an % ssing on
decodingt sidesthereofdncludes: @rgtep Of feceiving OF srepreducing the

encoded data, the basic pattern information and the strength information;
sasie Ipattra Geheratiny step df veednsirutting adimtgrain 25:mage by
qgnygghgéibveldSU&gmon(ﬁé%@¥ggting 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.

A fifth aspect of the present invention provides
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 siteep 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

ca
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noise to the same one as the level distribution indicated in the basic
pattern information; a strength 6b adjusting step of adjusting the strength
of the film grain image according to the strength information; and an
adding step of adding the film grain image whose strength is adjusted to
decoded image information 5 obtained by the decoding step. BRIEF
DESCRI|PTION OF THE DRAWINGS FIG, 1 is a block diagram showing
U EHMPIE of & cBhvéntibrial fmage fransmittiry apparatisfo which the

A0presentinvention. can Ps%eq;ﬁ%éﬁaﬁq ZEH%(eda%%h.gmﬂ%

views showing an example input image and a decoded image |% the
coapentional dmage transmitting apparatisi=k& . 3is ableck diagram: s
schematically showing 15 an embodiment of the image transmitting
Hpparatas of thépresart invarttoni RIS M ista blockidiagraatiofian the
&é(aggplgl of a film grain information extracting unit according to the 6¢
embodiment of the present invention; FIG. 5 is a block diagram of an

exampla of afilm geain basicepattesn infarmation extragtingLnitinthe film
grain extracting unit; 5 FIG. 6 is a block diagram of an example of a film
an image processing method for high efficiency encoding
an input image 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 ccntaining 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 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

bh
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grain strength information extracting unit in the film grain extracting unit;
FIGS. 7A, 7B and 7C are schematic diagrams for schematically
explaining extraction processing of the 10 film grain basic pattern
information; 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 dia%ram of an example of a 15 basic pattern generatin%jEjEl[g in

FHe Hifh GréinBdding Uit TG T16'%s & SEnéhabC iayram fors
dchemhaligalle explalnng fn.grainadding progessing: Bl L1 13 g
chart for explaining a first 20 method of film grain information extraction
andkfilmi gsain addingrprogessingr RES.£12 is ayttming chartforuaxplaining a
second method of the film grain information extraction and film grain
SAdeig processing) 25 Q. 13 islaHnsiRg charder xplaining-a tird
O'BQEE‘PQQOJ tl%eyfi gr?gé%fog@ati%r%gxtraction and film grain adding
processing; 7 FIG.1471sa ﬁmlﬁgg &hart for explaining a fourth method of
the film grain information extraction and film grain adding processing;

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIGS. 2ZA and 2B are schematic views showing an
example of an input image and a decoded image in the
conventional image transmitting apparatus;

FIG. 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

6C
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FIG. 15 is a timing chart for explaining a fifth 5 method of the film grain
information extraction and film grain adding processing; and FIG. 16 is a
timing chart for explaining a sixth method of the film grain information
extraction and film grain adding processing. 10 BEST MODE FOR
CARRYING OUT THE INVENTION Hereinafter, one embodiment of the

present. invention will be described with reference to the accompanying
8@9\?&@5(" . §%h5%ﬂ§ BYRISIE 15 WEREMIRRY apparatus of the present
inventionsfirst 5 thesencqoing side;will g feseribgd <LINPHL Imaoe 34, 5,
encoded highly efficiently by an image encoding unit 32 so as to generate
greodedbatotmatian Sy canpressingoheddataamoLng Theienaadeche
information 20 34 is sent to a wireless/wired transmission passage 36
ESrtEs Ry &% HaAsHSidMdystem or recorded in an accumulation

mediumﬁﬁs.ucg] %ssa ﬁil.%% gﬁﬁ@%ﬁi%ﬁ%ﬁti&[’)&V?RRefergnc% rr;{l#;neatalzf.*‘%.?i o

denotes™a film grain nforma u
Hormatiopel 'naﬁﬁsﬁ%%%ﬂfﬁ?t%ﬂmgﬁﬁdaf%ﬁ‘fﬂO’ixfzm{@l%"efi![‘ﬂ}dt
Image 31, and the extracted 8 film grain information 35 is sent to the
garelasspmMtechcting unit;

FIGS. 7A, 7B and 7C are schematic diagrams for
schematically explaining extraction processing of the
film grain basic pattern information:

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
unit;

FIG. 10 is a schematic diagram for schematically
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;

FIG. 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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transmission passage 36 corresponding to the transmission system like
the encoded information 34 or recorded in the accumulation medium 37.
5 Next, the decoding side will be described. Received encoded
information 38 is supplied to an image decoding unit 40 on the decoding
side, and the image decoding unit 40 generates decoded image

information 42 from the received encoded information 38. Reference 10
numer%?%'dilnioté'g aFiIm AR daRg bink CAREF L AL GG Radangth

mdtihA& reRrogrees itk 9gins informatinmiiendhe dgssived flm orain

information 39, it adds film grain information reconstructed corresponding.

fioltheahmiactedstionef thedeesdaadb image information 42 and outputs
as decoded image 43. The image encoding unit 32 and the image
decodifid Cunit- 20 £Refutbi¥tdBes T BAs &P 5n e MPEG MgAWCHDE th

H,264) encoding standard as.an ex le. In this case, the encodin
™ ?}r?ﬁ%at%ﬁ 3% ga? 5%{1%%%&%1gtalﬁ%rj%gﬂﬁ%mcﬁiﬁﬁfﬁﬁfso& émdq
rFRmgleferained &Nty Ty Haiy;infargation 35 is transmitted or
recorded using a unit for transmitting Supplemental Enhancement
Inform&tiéh (IEl) iwhightismbnipdispensaltlefoexietadingren anigpkien
picture. That is, because the 25 SEI contains information which a user

MHEMREs NddpEhdehtf BEFHR GraifaRRATbEBN SHEardsRited br
£19GP oA YS9 dRe H5eh Haku s s ing .

BEST MODE FOR CARRYING OQUT 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 wireless/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 f£ilm grain

information extracting unit. The film grain

‘information extracting unit 33 extracts film grain

information from the input image 31, and the extracted
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9 FIG. 4 shows an example of the film grain extracting unit 33. The film
grain extracting unit 33 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 from the input image 31 and
outputs as film grain basic pattern information 53. The strength extracting
nit 52 computes information of how much strength is to be added o a
if‘r%"érgﬁatépbelgc# e %%alhoé]re% aji/?ngsfﬁ%an%a etdSe VAGE }(ﬁséi/é Jred
fameahauddiaveaibavesy Janae pFthg bixalivalue Jorgxample, 0-20,

21-40, and its information is outputted as the film grain strength
nfermaatics 54n Ty Slbegraid kdoirhatiendb dadudes botietheditimagrasy
basic pattern information 15 53 and the film grain strength information 54.

F8Eo5dwiarFBRaRFewIhée bask Fafbkamesdracting unit 51. The
basic pattern extracting unit .51 is_ composed, of a uniform area.extracting
e L A3 4By s R B TR S0 oo

unit 61, a filter ban gram computing un
RSEEA Grelh e Barea edinging MNE 6 Liextaethan <He’ 9T 8n image

predetermined size (called uniform area) in which film grains are
disteiBiireg wmformiOamdhart hienatpcdadsigotscoitain ansiedéhehangeérom
A i A S L A A e 42
from the received encoded information 38. Reference
numeral 41 denotes a film grain adding unit. After the
film grain adding unit 41 reproduces film gain
information from the received film grain information 39,
it adds f£ilm 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 information 35 is

transmitted or recorded using the user data.
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of the uniform area is a flat image like sky image as a background. The
uniform area data 68 is constituted of 10 plural items of pixel data existing
in a uniform area. In the meantime, to obtain the uniform area data 68, it
is permissible to specify one directly or specify one from candidates
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 Higif pads ARSERinARt BN EHS Bn8ie HhAT fiERifhdicated

wigh L) Hilters, which ggnstitpie the. filter 62a, 62b are 10 digital . .

efilters WhJ()s%erfiIter coef icier:ﬁls spé’cjféi twgilir%}ecﬁgi%ﬁgﬂﬁ n %ns%r‘hcﬁ?re

iexaropletshionteia 6. 5, eagh ef jhe filkenbands82a; H2F isgopstjyted
of a high-pass band and a low-pass band. Additionally, a plurality of 15

apsh@ pass ilersimgxbe pedviaed wnittas for thBheumbed.of stageern
ges shown

e}rpult[géﬁggﬁjes thereof may be provided instead of the two sta )
RS B RSBl o 2lbad Snd BACRTEAG-bAR A LRE 16HTpHeE 16 e
gRisioneRLAPrRRUING S GHIRAT 30 caitespaRdng do gach bapd, [ne
frequency distribution “information (hereinatter referred to as histog rrai)lgf
btheipixplmateanf ¢advlaiac: oextEriedilydhg tHERGRMSOPHALIRN g
units 63 to 67 and the extracted
unit 52 computes information of how much strength is to
be added to a f£ilm grain to be added to an area having
an average value for every frame should have, in every
range of the pixel value, for example, 0-20, 21-40,
and its information is outputted as the film grain
strength information 54. The film grain information 35
includes both the film 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 size (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

16
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histogram information is outputted as the film grain 25 basic pattern
information 53. The histogram information is frequency information
indicating the quantity of pixels contained 11 in a predetermined pixel
value range (hereinafter referred to as division section). For example,
assume that there exist four predetermined division sections, namely,
t0-10,-910 0 E]%to +10, +11 to +20 and 5 the value of each pixel of

-19 , : ] k 3
?r#é‘ﬁ it H5EN RS heP hittoyrdmtAorfidiio bt APthat aifeTmaneay
s thethda it I3 Ca3% Nigiega infarmat t i51he i
frequeﬁcy of pixe?ﬁd%ata%(?g)rr%gr?eg(ﬁg] {Jé}g%hrggggé), t a%g,t%% ?,‘g%,al]?‘?helt
tistpgrami 48 imfoemations iseatitfyttechtorencbdeng. bS «pekaws adne
exemplary configuration of the strength extracting unit 52. The strength

fsem g Aifes e hcriMeR Bt sitbrivardaeexamitting unit 71 and a

strengt% om uti%%unit 72. A upiform area.is 15 extracted from the input
image 1ﬁ By e GrtornTarka lg]%:gctﬁpg SREAERRE Ui A% 1S

EXAgHRY L6 apd ynifes greainfomalion Tsaunutied, }éd@,ise 2a,

case, regarding a steep area of the image, information distinguished from
&ithercomforitareads @0 qipitted ad ginapasiioFmiareasAs indisaigd da
FIG. 6, a, b, ¢, d, e and f in the input image are uniform

with H) and low-pass filters (indicated with L).
Filters which constitute the filter banks 62a, 62b are
digital filters whose filter coefficient is specified
two~dimensionally.

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.

Qutputs 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
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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 25 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 grain, for example, a method of using the
distribution. value aof the pixel value within the uniform area may be used.

Hheh, e ift G 8FEnSiriftbriatbR 5538 FRnidires imbaas
ixel,vajue distrihut alue of the film grain. The film
lgérlgl%%efergng%% %f%rr%ggér% 35(5:1?3 %%%%He%glgye' v:ﬁfglbf e dstribufich of fhe
iatgraiveindhe xange gbarprpdetesriediaea aYeR0e VAUR i ons ,
example, assuming that the range of an 10 average value of the pixel
nAMed iy a pletikermih@d arRatfor@xainpte, anldrea-of (16 16) pixaldis
to 15, 16 to 31, ..., 240 to 255 and that a pair of an area average value

2
A% S Hd o tiortRihe Ritet uRiforh?&reBiMbe Faht irhabe idhsrea
HAEBYE A Ecl T 28 SR OBV E S0P S J00), (44,400

(250, 20), the output film grain strength information 1s [ (500 +
+BOOGY2, 4004 1.., 20h Ikthesinageis constibiedaf Gerepenitséh G, B
or Y, Cb and Cr, these are outputted for each component. The film
outputted is the fregquency of pixel data contained in
each range, that is, [1, 2, 2, 1]. The histogram
information is outputted for each band.

FIG. 6 shows an exemplary configuration of the
strength extracting unit 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 wvalue of the film grain for each uniform

area. To compute the distribution value of the film
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20 grain strength information undergoes normalization processing such
as turning to 1/1000, so that it is converted to a value suitable for being
multiplied with a film grain basic pattern generated on the decoding side.
25 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

13 inform%tion with only bri%htnesixsi(%nal Y and adding film grain
FiBrmation GerTer alRI i e at st tHE TitpdtihiPy tB dkreribution

$QirgePeding &0 B fedaction; resultandia ”H{%Q%Bﬁ%ﬁ&“%%}? Hy be
grain 5 information for each component and adding the film grain

uHermatiThegenertied fidachyohthe componerks Ynfdrand {on 54 is
corresponding to a detection result are available. The basic pattern
EMBEHEF T EBSnG 1S 1Y arRdsoR1deskrivad eacedifg Hide

%Q?Jﬁ@tv%glnbe réj;fscrib §%her£§_¥:alla¥ with reference to FIGS. 7A to
R Shown 1h FIG- A, Whe thftornt afe &R Hetel B FdhhEaTAIR
4PRgRd ohasftraemtls skesaf the uifogparer R 15 2psume! toihe of a
15 predetermined size, for example, (64 x 64) pixels. The pixels of the
disfomhtanéd Gharefdividedfie rbageatiandi nlowHmandeangkhigh kand by
the filter bank 62a

predetermined area average value.

For example, assuming that the range of an
average value of the pixel value in a predetermined
area, for example, an area of (16 x 16) pixels is 0 to
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, 4060),
(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 Y, 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 multiplied 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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Although in the structure of FIG. 5, the low band is divided depending on
the frequency by the filter bank 20 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 25 indicates
spatial vertical frequency. A rectangular area is base band Bi, an area in

LAt PR Y dARI AR REda R pERcied Sra tai¥eandhigfidbing B2
rea.j ich.bath the horizontal and vertical frequencies are
f%%glerjg%%g fgw %‘?ﬁg @i&ﬁ‘%‘oti& %Iéa%l:n%cl&cajfgs Sgﬁhor?sf o? g%order of
cthebighibeadenda solid loe indiealesasiions of @ korderattpedaw 5
band. In this example, the frequency areas of the low band and high band

reveddp each atiee tinthk vi€inity tefahe myddlecbafilld hgmatput data of
each sub-band is supplied to the histogram computing units 63, 64 and

1BEOFE {8 sthGFark R6MFRMB RS AHipREd sMisioRfarki L
gfg@ﬁerﬂm@owam&ngé@@g@egan ThindESh o n 30 Ronts v,
computing unit 63 computes a histogram concerning fe BASE DARG
cindigatedin Ebirrelépokaiagd Hie Aistngrapcomputingunit §3gomputes
a 15 histogram concerning a base band indicated in Fl in FIG.
available,

The basic pattern extracting processing in the
above-described encoding side processing will be
described schematically with reference to FIGS. 7A to
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 gimplification of description.

FIG. 7B shows an example of the frequency
division. In FIG. 7B, its abscissa axis indicates
spatial horizontal freguency 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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7C. 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 20 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, 25 the film grain strength information

Mo BG8ralR VA R ths SR Vi FRAY aihs I the BB G Ain
axeradelalus obpielbaalic i  predaleiped giea 15 ad paderposs

normalization processing as required. Next, the structure and processing

Didhe ateeedipgside willkbe gescribeda E1G of shaws milgrx¥aale ofihe a

film grain adding unit 41 on the 5 decoding side. The film grain adding

sl i laemposkidceits filnp gedil benie prfite?n hendetingfunitisd, how

1S%(}tem strength_com uting unit 82, an_area average value computing unit
,ghwﬁ%HF%faﬁ

Qdler88 THREARGP PRHBFEGSnSEtAG Gnit 8
vdheenaiaten atRnA Ve imgraln a beaddedg ediorpded ipgae
information 42 from the film grain "basic pattern information 53, an
afitmiie anfildddrairbdagic pattern 86. The pattern of the film grain is

The output data of each sub-band is supplied to
the histogram computing units 63, 64 and 65. The
histogram computing unit 63 computes a histogram
concerning a base band indicated in Pl in FIG. 7C, the
histogram computing unit 63 computes a histogram
concerning the base band indicated in F1l in FIG. 7C,
and the histogram computing unit 63 computes a
histogram concerning a base band indicated in F1 in FIG.
7C.

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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assumed to be an area of the same size as an area to be 15 set for
extracting the basic pattern 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 area of the decoded
image information 42, for example, 20 an area of (16 x 16) pixels, and
outputs an area average value 87. The area average value 87 is
agghpiRACBIRE PaReFISHRAN Lo RGeS Rife pamrhstdngth
compugn unittqgedest%rmin sto Whi%/h average section of the film grain

strengthe 25 information b4 the ate 3 vePAFS aie 89 orddi&nd
qeuiRgis:g film asaip sirenglh eusesPanding tefe sgelign s filgy, grain

strength information 88. 16 For example, assuming that the ranges of the
eaaepbe wiuahef Fedstegningd ar@dsrage ©riatl54 1609 The. , 240 to

255 and the film grain strength information 54 at that time is[ 0, 750,
dagedingof Time filkh§rafi dffesgia ButpGdana: maitmals 150 if the

irflputted dar(?g aver value is 23. Hqwever gs described above, if the
n stre

CRIG G n%thj%ﬁ on}n%]t'i%ﬁnis%s%%}é:ctgﬂo Ao SARER hIotE<eivgton
8 the anepding sidedireliminaning dhis croNg e 1q.a yalue, 10 which can be

used for multiplication for strength adjustment. This normalization may be
avamegeomadnie computing unit 83, a multiplier 84 and an
adder 85. The basic pattern generating unit 81
generates a pattern of the £ilm grain to be added to
the decoded image information 42 from the £ilm grain
basic pattern information 53, and outputs a f£ilm 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 pattern 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
area 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 strength
information 54 the area average value 87 belongs and
outputs a film grain strength corresponding to the

section as film grain strength information 88.
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the decoding side. The film grain basic pattern 86 is multiplied by the film
grain strength information 88 and the 15 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 20 which the film grain image 89 corresponds to the (16 x
16) pixdl®6f FreERbBed AREYRIYEHAGI 0t FRRERR oPthethi® X 16)

RS U e S0 A0S 00 sl s

patter of els generat C pattern
ggnsnating unit ls dn the meanime, the film grpinybasis Palieengénmay
be added by being shifted for every area unit to be 17 supplied with the
fifnfi oprain patter® Sonsxdrhple, wueey 18 x( 16 (phtdls) in@bder.to.obtam] ,
uniformity on an image screen. For example, assuming that the area size

TR EY I PRR et VaRRIIh8 bRkt RIG BHNE DR $hmensfo $30<
8 %xgé‘“fﬁ'bﬁﬁlgé% bxéﬁeaa% Oé‘é’é“%fﬂ% 9&2—: optgineg b eqfeegr‘?ra%%g
a random number randh, randy randh'<H, 0's randy < V)and then
doRmripe® BRRFB A trbeRetugllyrdded as toHewrd hhisihpdtena fddn
be assumed to be film grain

is subijected to normalization processing on the
encoding side preliminarily, it is converted to a value
which can be used for multiplication for strength
adjustment. This normalization may be carried out on
the decoding side.

The film grain basic pattern 86 is multiplied by
the fiilm 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 film
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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10 basic pattern 86. A(h, v) = G (mod(h + randh, H), mod(v + +randyv, V))
FIG. 9 shows an exemplary configuration of the film grain basic pattern
generating unit 81. The basic pattern 81 includes a noise generating unit
91, 15 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
sypd- dednitorihrareenf Admbers 120 patikesame Siee (ekoanpas the film
grain basic pattern, for example, (64 x 64) pixels. Generated noise is

eX(BTtied bo the AistRF ERIAACHh PEFEE2 tThe Mitdgr R hEREARg Tnan
232 SHRMRIISANISE SO asH{o. h@&%ﬁggatanaglgﬁmﬁé@%glét%amﬁ%ﬁ‘e

film grain 25 basic pattern information 53. An example of conversion
sdlgerithen in ease wherethe histegtanyalaiehipg upitd2p istachiavadsby;
software processing is shown below. 18 [Histogram matching algorithm in
(ime rtdto§fars rhat€hihy dRit}sl.vAssuie that Hetindrimushidfluedroy a

Jna imum vall)ue of the histogr m_toﬁ?ﬂe %matchin object in the film grain
SIS DT BT 5 B ERAN EMRR EHA R GuBnEGION

niMISION $eGliens 955%@5@9@”&%‘?}&%?99 the GMINALMAXS ang
number of bins. bins indicates a

then computing a pattern A to be actually added as
followed. This pattern may be assumed to be film grain
basic pattern 86.

A(h, v) = G (mod(h + randh, H), mod(v + +randv, V))

FIG. 9 shows an exemplary configuration of the
film grain basic pattern generating unit 81. The basic
pattern 81 includes a noise 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 £ilm 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 92

is achieved by software processing is shown below.
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division section of the histogram. Further, assume that the cumulative
distribution function of a 10 histogram created, received or reproduced on
the encoding side is CDF ref(bin) (O s 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 15 cumulative distribution function of the input signal is
CDF org (bin) (0 s bin < numper of bins-1). 3. For each factor of the input
SIGHaF 08 G (aA SRR R A IBEARRE atRofhfy RiFEIERAMngEetds
&RYe ftnd val org (h, v) is replaced with that value. 20 val = CDF org (((val
org (h, v) - CMIN)/(CMAX - CMIN)* (number of bins -1))); for (i = O;i
¥nuphaies bingat +thdl @A RN >a Vel iaak madk it Pamber of
bins)! --, val repl = i/(number of bins - i)* (CMAX - CMIN) + 19 CMIN; The
YlicehistbggramAehpg (inisaBehings epbeod have thsstbiiam grain
matchin(g function of the above 5 described %I%orithm. An output signal of

RRSE HREtEGERE TRat RN It IR QppRES (SEARnalydhighbateesilter
Qa0 3G A9RYEISIPWIRASSHUESE PBna8N QPYle histogram between

the CMIN and CMAX is number of bins. bins indicates a
division section of the histogram. Further, assume
that the cumulative distribution function of a
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 te 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;1 <number of bins; i ++)

if (CD¥ ref(i)> = wval}

break;

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

val repl = i/{(number of bins - 1)* (CMAX - CMIN) +
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of the analysis high-pass filter 97 is supplied to the histogram matching
unit 93, and an output of the 10 analysis low-pass filter 98 is supplied to
the histogram matching unit 94. 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 15 output of the analysis high-pass filter 99
is supplied to the histogram matching unit 95, an output of the analysis
Cwﬁﬂ@assﬁher100issuppﬁedtothe histogram matching unit 96. The film
grain basic pattern information 53 20 provides each of the histogram
matching units 92 to 96 with different histogram information. The

histogrene irferaatien Etipdren Traisavnpjed o the histogeam matching

unit 92 because it concerns the base band. The histogram information F2
9ts dupplied td isg 2§ himtograbrchnbtchifigroit P3rbechiusk d conoees a

high band. The histogram information F3 is supplied to the histogram

éﬁ%ﬁ&ﬁh&%nﬁ : e it éBnt%?ﬁQ%qQﬁFSG%nﬂfDﬁﬁ%ﬁléﬁﬁfégram
e R AR 108 RN SFodthel P8 Fanc
£ anesapieddadhasyaiesiediter bapkdfds filter 98, an output
of the analysis high-pass filter 97 is supplied to the
histogram matching unit 93, and an output of the

analysis low-pass filter 98 is supplied to the

histogram matching unit 94.

Further, an output signal of the histogram
matching unit 94 1is 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 supplied 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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The synthesis filter bank 101 includes a synthesis high-pass filter 102 to
which an output signal of the histogram matching unit 93 is supplied, a

“synthesis high-pass filter 103 to which an output signal of the 10

histogram matching unit 95 is supplied, and a synthesis low-pass filter
104 to which an output signal of the histogram matching unit 96 is
supplied. An output signal of the synthesis high-pass filter 103 and an
Ba@dt signal of the synthesis low- 15 pass filter 104 are summed up by an

adder 105, while an outppt signal of the synthesis high-pass filter 102 and
an outpt?)t%s‘lrgj"nsa}%?thoe%a &t akasrh(r?n med %%rb“i/ggﬁg a%‘ér%@%ﬂf”ﬁe

flngrpin Basic pattery infermation86 7s fetghesboulg the ouinyt pf the,
adder 106. In the 20 meantime, the structure of the synthesis filter bank
towespmslsid e ssusBiraniitheodivismompfdhe retd -leandearthesub -
encoding side. The strength is corrected or adjusted by multiplying the

ﬁlﬁlﬁraﬁl_’f BaSieRRRAi rﬁ@rrﬁé‘tﬁ)rﬁg@ﬁ?ﬁ/&ﬁ el fifPgrannsired@th-
LR g R el s o o

grain “image 89 aftér its strength s a

Haage phesnationds; spobatheigbrualitodesaseddnagsidd raving
the film grain information lost by high efficiency encoding and decoding is
bbefwaram matching unit 93 is supplied, a synthesis
high-pass filter 103 to which an output signal of the
histogram matching unit 95 is supplied, and a synthesis
low-pass filter 104 to which an output signal of the
histogram matching unit 96 is supplied.

An output signal of the synthesis high-pass
filter 103 and an cutput 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 film 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 film
grain image on the decoding side. The film grain basic pattern 86 whose
noise-histogram is substantially the same as the film grain basic pattern
information 53 is generated by the basic pattern generating unit 81. The
film grain basic 10 pattern 86 is of (64 x 64) pixels and an area of (16 x

16) pixels is cut out and supplied to the multiplier 84. The film grain
daRIRA INBRIRIHSA NGEhRT A théentbdifig bive hridgktored hnty

i i 88 i tputt ding to the 15
A e B S T e MR LS
vipformation #2; Thersikenaile i 1he basia PAeBK3S i agjua?éﬁ%%%

IS

strength information 88. The film grain image 89 whose strengt

adjustétii§ adtedeapie dnea etthen(d € kdb) 2P piselsof therdegeged
image information 42 by the adder 85 by the unit of the pixel. Next, some

PRRGTSHE S Droeddisy for Bk uEadm ISP RINPBraifmiéaratimandide.

cOo Ctj f the_film, grain jmage will be described by taking a case
T%% 2€§t g‘c%?n%%rﬁeﬁtaél %op:?é:r:ca %%s ag\nlge@rﬁﬁ‘lg. PRESE BlStogwRat
i prosessingiehiodyAcsdingno s fisbpiocessiggAathegsthe film

grain basic pattern 22 information and film grain strength information are
pattern information 53 is generated by the basic
pattern generating unit 81. The film grain basic
pattern 86 is of (64 x 64) pixels and an area of (16 x
16) pixels is cut out and supplied to the multiplier 84.

The film grain strength information 54 is created
on the encoding side and stored and the strength
information 88 is outputted corregponding 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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extracted for each of the components Y, Cr and Cb so as to extract these
information pieces from each frame. The figure shows an image signal in
which scene A and 5 scene B exist. On the decoding side, the film grain is
reconstructed using the film grain basic pattern information and film grain
strength information of each frame for each of the components Y, Cr and
Cb. FIG. 12 shows a second processing method. 10 According to the
e béessing thefidn thE ke grhirebadis panéormivtietionvad

the film grain strength information are extracted for each of the
CRBATaS V45 SRRt it GPTR AR ortorm CRARALGR IS0 as

componer‘ﬁs

edrasied ghenlyaiameat dhe head of 15 83Ch SERpg: Q@é%er gﬁ%ﬁg”g

side, extracted basic pattern information is used commonly

framesigthe ssinevscene. Thheddmgiginadirangtvinfornatiaonds A and
extracted for each component like the first processing method in each
fiSRee 2B MmEi18 sh&is Asirdiprrdisiagsidmod tirecbidimg trdbn is

third processin ethod, the_ film _grain basic¢ pattern, information is
g%t?ggig ?%cfr?%crgl]yuﬁlengrig rfﬁesfs?L s?rélnglr\?'ﬂgjth AEfip SRt SFRe film

9o basienattesh dfermation s Sxtraeladin Q% AL AR o5 tEnead
of each scene. On the decoding side, the extracted basic pattern
ffameatiovrisamell odmibion|\ctonpdfentes dnd et campaooents of the
same FIG. 12 shows a second processing method.
According to the second processing method, the f£ilm
grain basic pattern information and the film grain
strength information are extracted for each of the
components ¥, Cr and Cb. The film grain basic pattern
information is extracted at only a frame at the head of
each scene, O0On 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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23 scene. The film grain strength information is extracted for each
component like the first processing method in each frame. FIG. 14 shows
a fourth processing method. 5 According to the fourth processing method,
the film grain basic pattern information and film grain strength information
are extracted for each of the components Y, Cr and Cb. Both the film
grain basic pattern information and film grain strength information is 10
soeneted Thenl blfrageaithe head ot kadm Ecene t@nthd.secoding
side, the extracted basjc pattern information and strength information are

GEEAEHRORRE 1 HARNE FERORE M thL e F B Bl FRS. PIeReRS AT
n{g@hgwggﬁsigg&et@%ges_ According to the fifth processing method, the

film grain basic pattern information is extracted from the brightness
signal ¥ iwtheleprep@ianta T ioh e J2a6iG pytess ¢fganation is
extracted in only a frame at the head of each scene. On the decoding
Aqgenper &arddied Basic Patteneirdssdatpmie thed cotrineorfly Hor all
the frames and all the components in the same scene. The film grain

S PeThtR TG FmEAEn 6 BxtRAEA TS e BRfe CHMPOFERPY SEFaRa D
A G B B ARS Y.
Cr and Cb. Both the film grain basic pattern
information and f£ilm grain strength information is
extracted in only a frame at the head of each scene.
On the decoding side, the extracted basic pattern
information 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 ¥, Cr and Cb. The
film grain strength information is extracted in only a
frame at the head of each scene. On the decoding side,
the extracted film grain strength information is used

commonly for each component in all the frames of the
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the extracted film grain strength information is used commonly for each
component in all the frames of the 24 same scene. FIG. 16 shows a sixth
processing method. According to the sixth processing method, both the
film grain basic pattern information and the film grain 5 strength
information are extracted from only the brightness signal Y in the
components. On the decoding side, both the extracted basic pattern
Fidiendtiemiehd strength information are used commonly for all the

frames all ? c m&onents in tlgaS same scene. 10 Of the
above- escribea&‘ir@%ﬁ) Sixth FrbrLEsiRg OREFBHE JamabPRPriate method

EoisshagsidesingHhe srelaippheesnimaoR SLalty mprevenpent £,
effect by adding the film grainsr,band the quggtity of data g?t‘%we fi rﬁ%réﬁﬁlm
infarimationstbc eptiansnittesin Forther the: 15 Mt 6 6ixH DrOceBsinNg
methods may be so constructed that two or more thereof can be selected

RTINS Be iR GRR bYLRe?S Upredid. Fheremisddimbhes of the
res n{ri}nélsegtion hav 3een d% cribed Zpecificall above. The present 20
t S

mvention 1s hot restticted to fhe abovEdk %ﬂﬁé‘&%mb%’airﬁ@ﬁtsqﬁﬁﬂ‘?&ypg
bednodifigdip %H@W@&%E@&e@:m@eﬁs@%&% spift atihe HE")A’S”H%
For example, as for the division method of the sub-band, it may be
strength information are used commonly for all the
frames and all the components in the same scene.

Of the above-described first to sixth processing
methods, an appropriate method is used considering the
relation 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 freguency direction so as to
produce four sub-bands. PFurther, as a method of

processing the noise components according to the film
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divided to two sections in the horizontal frequency 25 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 25
grain basic pattern information, other than the above- mentioned algorithm
may be adopted. Further, the present invention allows use of other
encoding method such as MPEG2 than the MPEG-4 AVC (or H.264) as a
GRS SfedAcPahEsding MdRsadHaImatishe Actbrind teethausent

i t] he fil rain information lost on the decoding side is extracted
mgfﬁg%é%%én?éé%%%géﬂg%%@agﬁd atofig) h5ifed 16 W& i8Eodili Side or
piesoeiad indbedieroring mediyr. O theKlecoding sids, dhe,filp, ggain

information to be added to an image is reconstructed from the obtained
simfdrnesioniEBtRaddehtotihe dékBGed IMBDe( QonBeqéantlyatheadecaged

image . is provided with film texture so that the image quality can be 15

el 5y el FgERF 28 1 MRS Mo A rfiptagindmetdsing apparatus for high
efficiengcy. £0sdlpo o} apigpyl,mage signal. comprising; areq dpteciing
means for detecting an area 5 containing no steep Chand}) in prut
gadg@f. information lost on the decoding side is
extracted efficiently on the encoding side and
transmitted to the decoding side or recorded in the
recording medium. On the decoding side, the film grain
information to be added to an image 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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first extracting means for extracting basic pattern information indicating a
level distribution of pixel values in the area detected by the area detecting
means; 10 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 15 information. 2. The image processing apparatus according
to claim 1, wherein the first extragﬁf‘fbI ans is an image processing

apparatys coigung adieaueny IR, o B yalugs ndbecyen

as the basic pat 0 information. e image processing apparatus
accoidingstoodaian Linvgereihgdirsi ylacting sgans s ag image
processing apparatus for dividing the pixels in the area into a plurality of
frequend¥ BanE¢ bad bk@achepRs the badie pattbimbpr @achfesguency
bang. 4. The image processing apparatus according to claim 1, wherein
Cfﬁ’n ai %

& S8ESHP Pt TRBasE: intdy 37 prstLssHiEdparatus for
generating-he sttengih. nfpgmalan coFssPAIAING 18,90 gveiage yalue of

the pixels in each area.
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. '
2. The image processing apparatus according to claim
1, 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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5. The image processing apparatus according to claim 5 1, wherein the
first and second extracting means detect the basic pattern information
and the strength information for each frame in the input image. 6. The
image processing apparatus according to claim 1, wherein the first and
second extracting means detect 10 the basic pattern information and the
strength information for each scene in the input image. 7. The image
DrecesHg gppRRARitrdipy toensmatinbetdie oasoétigttirst and
.second e%(gactin means d;atects ne of the basic pattern information and

e T ehgth RiSHATARIPRF e Faftfe SMREFASLTRLYE RAidhRe

pAathen of the figstandhsecond extracting means detects the other of the
basic pattern information and the strength information for each scene of

5the inpatimateagl SpAociesagtn oagssinc 8pparatitoiod TacriviBg @l aim
reproducing encoded data by high efficiency encoding, basic pattern
LinforhESA I dib&tifg- févetadiisttiondf pier sgkibadn maansade tect

ontaining nQ__steep change in the jnput image and strength 25
tl%?or;%n%?igﬁ iﬁ&ggt#gnaﬁ%%(%w%gég&narﬁ‘?m lﬁgfln,s% E?ng: decoding
imegendaridacosing encadeddaia: 28 hasic RARIP IsRSKRlINg means for

reconstructing
6. The image processing apparatus according to claim

1, wherein the first and second extracting means detect
the basic pattern information 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 stirength 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;
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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 5
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 10 whose strength is adjusted to decoded
image information obtained by the decoding means. 9. The image

processiRg EpPaPitts G RNFDAIRP FGHRFiAR #8898 HiTMAT1ng
Qai; Age gener e Qﬁig r:?lrl%ggn(ir%gg?_ MRS LUt

and added 15 to the decodéed image information. he image
prbceasidgmappataies secamingsandaiond, Mbeeeia the pesition of the cut
out area is changed at random. 11. The image processing apparatus
Secokdihhud trnmind B alirdeibnhd B chgihiajpstiremeans adjusts the
?ﬁ¥g§hi each specified area in the image. 12. An image processing
appar S ?ﬁi’gh efficiency encoding an input image signal, transmitting

or recorg%g@qqgegﬁqgﬁng%ggm @ggegﬁg%gigg rgRroduced

encoded data, wherein the encoding side thereof includes: area ‘aetecting
senas dehdetéctibgeai BI@A grain image according to the

strength information; and

adding means for adding the film grain image
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, where;n the strength adjusting means adjusts the
strength in each specified area in the image.
iz. 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

29



10

15

20

25

29 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 5 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, 10 the basic pattern information and the strength
CipRdrictibn Ja i@ tist gedodibhg ke thareut iniolpdds: hmesms ;for receiving
or repraducing the encaoded data, the basic pattern information and the

strength* 15 InfSthE&RST HARid5aARin JRheRifinafitdRgrdasic
pEPEO0SHUGHNEL AL AIMIMAGEA iGN (PriRg 8 1evel SISIIoN, of o
random noise to the same one as the level distribution indicated in the
phasit. pasiece20 inforrnation; eireagiteadjusting meass doradiwdingdtheng
strength of the film grain image according to the strength information; and
mgadivg means for adding the film grain image 25 whose strength is
adjusted to d%coded image information
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 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 information

obtained by the decoding means.

13. An image processing method for high efficiency
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obtained by the decoding means. 13. An image processing method for
high efficiency 30 encoding an input image signal, comprising: an area
detecting step of detecting an area containing no steep change in an
input image; a first extracting step of extracting basic 5 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
tA6RAATSh AlichARY thdBagRghicmafim Gekpoisdhe:added; and a

step of tr%nsargittin grt%ecg[r,ding e{gé:ode d%ta the basic pattern
informafion &hd the StreRgth fhiSrmiatich™ 1 ?Kﬁﬁﬁ&&@ pfoteEfY

&oethad AangCRYINg @e}> rapAducing engoder datat a@g@ efficiency
encoding, basic pattern information indicating a level distribution of pixel
values ia ahiaret cantaiainimgy steepclhahgextpadbpugmagei and
strength information indicating an extent of adding a film grain, 20

RBFTSHSIN G- EQERHP B ep Bt e bdRg chcbade Hatkt stbddw panermof
dEperainn sige of feqgnsuelno A U UG BPasly goneriigslerd
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.

14, An l1mage 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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of random noise to the same one as the level 25 distribution indicated in
the basic pattern information; a strength adjusting step of adjusting the
31 strength of the film grain image according to the strength information;
and an adding step of adding the film grain image whose strength is
adjusted to decoded image information 5 obtained in the decoding step.
15. An image processing method for high efficiency encoding an input
diriegreddiiinal fr&bemiftinrorg redordiigeere osled ainbhiagd decadiag the
received or refroduced encoded data, wherein 10 processing on the

S iR REBE MRt %n area detecting step of detecting an
area cgptaijylg sgﬁgé};ct@wggd aMn.i &i . a first.extracting step
of extracting basic8 pattern informatléqrﬁnﬁating %ﬁ%ﬁfﬁ%ﬂibﬂﬁ%ﬁ%f 15

whisele/alteigbR afea datpetackhy the amsodriactings §ep] AR on
extracting step of obtaining strength information indicating the strength of

oRh iR RRAinis Fdaddae®ErZ0 §%e@p of transmitting or recording

%ncode;{j data, the basic pattern information and the strength
i5. n image processing method for high efficiency

encoding an input image 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 reconstructing
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information, and processing on the decoding side thereof includes: a step
of receiving or reproducing the encoded 25 data, the basic pattern
information and the strength information; a basic pattern generating step
of reconstructing 32 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; 5 a strength adjusting step of adjusting the
Strérigth oF e find §R6S ihay € WBIGEIHG the lstmngtid fgdaidtioni and

o2 ARSI FL 84100 DI o Vi il o
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 film grain image

whose strength is adjusted to decoded image information

obtained by the decoding step.
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