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12 March 2007 - 1 DESCRIPTION DI.G TAL STILL i2AWERA 2007
AND | MAGE CORRECTI ON METHOD Technical Field 5 The
present invention relates to a digital still canera

-and an inmage correction nmethod. Background Art As seen

fromthe fact that the total volune of shipnents of
digital still caneras exceeds that of film 10 caneras,
the digital still canmeras have increasingly been in

wi despread use. Al ong this_pppul arization, -vari ous

| evel's of users, from high-end users to | owend
users, use the digital still caneras and, therefore,

" the application of the I Qi i1l cameras, the
e

required l'evel of the i quality, the preference
| N theyidrage qyall Loamdid 280 RnBRVEORMASOMY METHOD
di versified. For exanple, users who have used fil m
canmeras and are famliar with the inage quality of
the filmcaneras tend to prefer "filmcanera-I|ike"
TewhgesahhBielde users. conpare 20 i mages captured by

digital still cameras with pictures taken by film o
canefas. PierardntingsttioR erslafins dice aakighbd bdsflgmeanera
i mges taken by filmcaneras or still pictures and are-

angdnPhi aPage tHeraGkdge BAANPEy on TV screens tend to
Bprzfer "tglevision-like" i mge qualities when the
as P§°83ﬁp Fe 25 i mages on TV screens with i mages

_Captﬂéeggéﬁlfyéﬂ [%:18 §£é£|th§t the total volume of

.shipments'of.digital still cameras exceeds that of film

cameras, the digital still cameras have increésingly been in
widespread use. Along this popularizétibn,_various levels
of users, from high-end users to.low—end users, use the
digital still'cameras énd, Eherefore, the application of the
digital still cameras, the requiréd level,of.the-image

quality, the preference in the image quality, and so on have

become diversified.

For exampie, users who'ﬁave used film‘cameras and are
familiar‘with the.image quality_ofltherfilm cameras tend to
prefer,"film—camera—like“ images when the users compare
images Captﬁréd by digital étill cameras with pictures taken 
by film Cameras. In.contrast, ﬁsers who areValienated.frqm
images taken by film cameras or still pictures and-aré

familiar to the image quality on TV screens tend to prefer

"television-like" image gualities when the users compare

images on TV screens_with images captured by digital still o
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12 March 2007 2 caneras. Hence, the manuf acti®agh 2007
of the digital still caneras are devising imges for
every canera type and are devel oping the inmage
qualities with which assuned target users seemto 5 be
satisfied. As described above, as the user group of
digital still caneras becones |arge, the preference
in the image qualities is diversified. It is
considerably difficult inthe _current state to
realize the image qualities satisfying the 10
preferences of the users in one digital still canera.

"~ This_ _is because color inages captured by digital
8¥Fff°cameras are subjected to AWB control (automatic

- whi t a COn r | O, tyr.ati
| e el Q%%nré;gﬁufégéa%egso&% %ﬂtéhgf%% ahyrathalas

correction, SO on ased o ow uni que to
aeachePis e inRdbaghur 8¢ srpfcaliedhe ﬁé%ﬁ@'aﬁé iddveloping
caneras and, then, are recorded in ? ash ‘menori es.
ther mége onplliianeswivi bth D@ dls geneedl tyrgsedisgs-aAreen to.
i mage format- when inage data is recorded in a flash
beeaptiysfiesh sRGB col or space, which is a standard
col or space, is 20 adopted in such a format. In the = =
sRCB'T SlesCrdpaeeaPdBhe acHACaEEEF| STPEs O ddgidpl still

characteristicg_including a color amut -(a color ... .
PREF ST DI RBES” of e RRFoRGHI LB Lo Lneiih Shdities
iQO&P&‘éﬁéisfi%r 4 dEE'FE‘Sdc A4y Addh i 0n; (4 PEFO0Q; W ehirgne -

adopted 1n the andO
state to realize the image qualities satisfying the
préferences of the users in one digital still camera. This

is because color images captured by digital still cameras’

are subjected to AWB control (automatic white balance

'control),'tonercorrectiOn, saturation correction, and so on

based on the knowhow.uniqﬁe to each of the manufacturers of
the digital still cameras and; then, are recorded in flash:
memories. -

A format compliant with DCF is generally used as an

' image format when image data is recorded in a ‘flash Memory.

An sRGB color space, which is a standard color space, is
adopted in such a format . In the sRGB color space, tone
characteristics or color characteristics including a color

gamut (a color reproduction range) of the CRT monitors of

- personal computers are defined. -

In addition, JPEGZOOO} which is adopted in the DCF and

which is an.extehsion_onJPEfodrmat, and coloi spaces that
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25 which is an extension of JPEG ormat, and - coll@March 2007
spaces that 12 March 2007 3 can widely cover the '
‘col or reproduction range perceived by hunman bei ngs

are considered as imge fornmats. Anong these fornmats

or color spaces, an scRG col or space (scene-

ref erence col or space) in which the amount of |ight of

a 5 real scene can be stored as |inear data, and/or a
col or space (output-refereace col or space), for

exanpl e, an extended sR@ col or space, in which the
color of data is <corrected so as to be appropriate
for .a destination or di spl evi ce, have been
A e T W HELR ot
RIS f19GRBE b Sc Sk BEL A Q%%gecfgﬁﬂiﬁg.CQ&Q&g‘EﬁQ?é

are recorded and stored in a sh nenory as a’sinp

- fORES ok EBeokNBEScdH) NB LB Lanbr Widte tRQHBEE, the -

i mages satisfying all the inmage qualities required by
ref@rcows oséps spawl e wdtiehedhe lGmdier eof Sl iahet ber a

problemin that a captured i mage becones a so-called
real [segnenage deestoreth ax rddinepn detdi mpdidre abasiler

conditions in the image capture. For exanple, the
ShasiSori oHAPRRTECBPTSRCS ) c 8R3BR) def oy R*e@rde t BB

i, ca be under exposed because of the i e )
eRIES L?rdeslﬂﬁl-aac?}g?{lrsﬂa g Rt d’gh%e‘f%]\ﬁrf IC’%%@@%W

et S U e Nt T SRR PR E
difddimycaseias, KRS bdeh MRNtRrAgedod Oy mnfda%@ti&ea.

after the inage capture.
However, whicheVer image format is selected, since

captured color images are recorded and stored in a flash
memory as a simple image in the image format compliant with

the DCF, the images satisfying all the image qualities

required by various users cannot be stored.

‘There is another preblem in that a captured image
becomes a so-called failed image due to an error in setting
the basic conditions in the image capture. ?or example, the
color balance of aﬁ image can be.derogated or.tﬁe image cani
be underexposed because of the image'capture in" a natural

light mode'below fluorescent light. However, since digital -

" image data is captured in digital still cameras;-unlike the

" images taken by film cameras, there is more need for

modification after the image capture.

Countermeasures against'the above problems include a

~.method of utilizing comme:cially available'"imége.correction
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Count er neasur es agai nst the above probl ens i ncliZddagch 2007
25 nmethod of utilizing commercially available "image
correction 12 March 2007 4 and processing software”

in a personal conputer. If a user owns not only a
digital still canmera but also a personal conputer

i mges captured by the digital still canera can be
corrected by using such software to produce
appropriate 5 images. Howevegr, the image data which a
user can use in the correction is actually data

subj ected to JPEG conpression or the like in the

d tal still c S th t of f ti
1h HAE TG SREVFE ol 1P TR CHET TSP 10 at G3FT
BN, LRE,) 0B, £0NOL NCESSALL) ubea 0051 £CLED L

I mage Wth € user, parti

chh@frereNd nHGRE, c5§t§§é& Hy adhe Wlighsadl .fs{-_ipyléaréeqra @raek Be

troubl esome to a |owend user to correct the quality
cOfrectzapby’ adingagech csdhevdrmage phoquadi sypfarrisdech
he/ she has a preference by the use of the correction
imggkpr ocessi ng software. Accordingly, alnost all the
comercially avail able correction and processing .
sof RMPESRastihm lm%%@étﬁ@aWPﬂyhaﬂt%ﬁ%ﬁ|%m%d#%éépl6ﬁe

functlon ., and. ev a.user o0 ha e of .the
COTR 20 15: PEERPONY AT I FEPPoLoRr Lot LRE TRges=ion oF
ﬁ%o MY ilR sfd&!;lt ugdtmt coaditio Boncl £ UASG 82
ect can bé Varié epen i'ng on t e con of t
1ﬁf3¥ﬁ%ﬁ¥@3’i5h§5@f9ﬁ§gefhata is smaller than that of an

actual scene, the image cannot necessarily be corrected to
the image guality with which the user, paﬁticularly, a high-
end user, is.satisfied.

It is difficult for and troublescme to é low—end user
to correct the quality of a captured image to the image
quality for which he/she hés a preference by théruSE of the

correction and processihg software. Accordingly, almost all

the commercially available correction and processing

softwafe has an “iﬁage—quality'automatic correction
function™, and even a user whq has no kﬁowledge of the image
correctibn canlsimply_correct the image. However, under thé;
current conditions, ﬁhe correction effect can be wvaried

dependihg on the content of the image and, therefore, a

- desired image quality cannot often be achieved.

Furthermore, there is a pﬁoblém of storage in a current

sRGB format or.a JPEG—YCC'fdrmat compliant wifh‘the current




desired i mage quality cannot often be achi eved.12 March 2007
Furthernore, there is a problemof storage in a
current 25 sR@ format or a JPEG YCC format conpliant
with the current 12 March 2007 5 sSRGB format in the
correction after the image capture. As for the nethod
of storing the inmage in a scene-reference color space
format, such as an scRGB col or space or an scYCC col or
space, a solution is proposed in, for exanple,
Japanese Unexam ned Paten Appllcatlon Publ i cati on
No. 2001-343753. However, there is currently no inage
correction software acconmodated to the i mage in the

sRGBscem@atemenemteoﬁrécnioepaceerftndnﬂmagbncapthme toas for

' resol ve the probl enms described above, the present

the rﬂﬁ*v'lémlmﬁq smowpae%hermaﬁﬁgénc@r&cem— safaeeter] qqiom ch

ser can C%rrect a turfd i mage to an a Il
SpaCSr O r ¢ Pnageant R+ a5 p&rf ot rﬁe(gj%lr Gheg 8z
spacdl ghtaly&hioh! is d%edEE§C| t%gﬁ%lenv hQBe

According to a first aspect o resen |nvent|on
Unexbii@fied Bfepronpgeitaidingptnl i&dtildn Gamer@ cayR7iEsi ng:
a tenporary nenory storing i mage data of an inmage for
Howewhrcrthenﬁei@opnec@mﬁﬁy nps inagdhecprecdimdseftware
cene-reference, col or, space format; a renovable
_aCCOP“&%%E?dn doméae uhfad%rin ﬁh? h%ce?l}?ad’é’ TREPRCHICTUPE F%‘Efe
form%gy whi ch the tone correction is to be perforned in
e scene- reference color space format; and a tone

CRIr& Ryl @8 &S the problems described above, the
present invention provides an image correction methed in which
a user can correct a captured image to an appropriate or
desired image and which can be performed in a digital still

camera.

Disclosure of Invention
According to a first aspect of the present invention, there

is provided a digital still camera comprising: a temporary
memory storing image data of an image for which tone correction
.is to be performed in a scenehreference color space format; a
removable recordlng medium storing the image data of the 1mage
'for whlch the tone correctlon is to be performed in the scene-
reference color space format; and a tone correction circuit
whereln the 1mage data is read out from the temporary memory or
the recordlngrmed;um to perform the tone correction for the
i:'readout image data in the.tone‘correction‘circuith and the

 image data resuiting from the\toﬁe-correction is recorded in .

. the recording medipm.




wherein the inmage data is read out fromthe tedpddack 2007
menory or the recording nediumto performthe tone
correction for the readout inage data in the tone
correction circuit, and the inmage data resulting from
the tone correction is recorded in the recording
medi um 12 March 2007 5a According to a second
aspect of the present invention, there is provided an
i mage correction nethoq_cggpﬁising the steps of:
storing i mage data of an inmage for which tone
correction is to be perforned in a tenporary nenory
- and a renovabl e recording mediumin a scene-reference
Botordipace af scemid apeetor of nthd heelsene Doraradiongn
for the image data stored in the tenporary nenory or
therghés rReBridgicAgaretlagg coFdecEted i yd Femp Hagiard
ste resg[tL@ fromthe ne %orrectionégn éh _rgcording .
Phedr umi~Tréxafpye %%508 neht 14 he Y gt s- €6t rect ed
a i s j to.a u ' Lgi t till
o B ke oh 2007 BT o I a o An b the
remofalBIM NGScoridgng Imédian S@hanBtéte-tiar@ranm-g hewl dig space
enbodi nent of a capturing systemaccording to the
formpk eseenfdrm.aat tlod: tafieg co2rest hors clramibie c ik gy darba

showi ng an enbodi nent of 5 a nonitoring system
storgi ot o‘%gfi‘?gt%‘p?ﬁ%%%‘é’ﬁﬁf PRVERR i GiFOordEng, el juig and

recoé&fﬁ%“%ﬂé31%588r5§@§”¥@@uﬂ9138 f%gﬁxyh%eggngfcorrection in
the recording medium.

In example embodiments, the image is corrected to an image

desirable to a user in the digital still camera.




© 10

15

20

25

a main part in the nonitoring system Fig. 4 isl2aMarch2007
schemati ¢ di agram showi ng an enbodi nent of a. main

part in the nmonitoring system 10 Fig. 5 includes

di agranms illustrating exanples of GU operations in

the nmonitoring system Fig. 6 includes diagrans
illustrating exanples of other GUJ operations in the
nonitoring system Fig. 7 is a schematic diagram

showi ng an enbodi ment of 15;a main part in the
nonitoring system Fig. 8 is a graph showing a
characteristic of a main part in the nonitoring.

syste Fig.. 9 illustrates categories into which
B&’éﬁ%uﬁ%ﬁ"”% Ar éﬁ’&’apéaﬁi‘ﬁ“‘%%d. 20 Fig. 10

illu at a I ' [ rt i .
roni 541 g 5o ocn S R el ARTRG LR tleasment oo
aAcHBEOr PRY tsfdtdnl @ ccBRRE YT £ 80 15Y @ Penfl nvdBrisna |
graph showi ng a characteristic of the main 25 part in

t he Dy tDrisng syRbRatid 23 Mafedn 200%4ind afri @nbddiment of
i ncl udes graphs showi ng characteristics of a min
apaphitorime symticroricngrdysgemn Hhie.prbdens angemphon.
showi ng characteristics of a main part in the.

moni ¥8F4 iy 1Sy 8t epheBarl g, diigytam ghegbre showibrfiment of

_aparanetersﬁjpﬁgylded,ln { he

main part e monitoring system.
Fig. 4 is a schematic diagram showing an embodiment of
a main part in the monitoring system.
Fig. 5 includes diagrams illustrating examples of GUI
operationé in the monitoring system.
Fig. 6 includes diagrams illustrating examples of 6ther
GUI operations in the monitoring systém. |
Fig. -7 is a séhematic diaéram showing an embediment of
a main part iﬁ the monitoriﬁg system.
Fig. 8 is a graph showing a characteristic of a main
part in the-moniforing system.
- Fig. 9 illustﬁates categories into which captured
images aré categorized.
Fig. 10 illustrétes an élgorithm of a main part in the 
moni toring system; | o |
Fig. 11 illustrates an algorithm of a main part in the
monitoring system. | | |
Fngzlzmis a.graph*shdwing a,cﬁéractéristic of the main

part in'the.monitoring systém;
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moni toring system Fig. 16 illustrates an al gori2Marchf2007
main parts in the nonitoring .system Fig.. 17 :
illustrates an algorithmof main parts in the 10
nonitoring system Fig. 18 is a graph show ng
characteristics of a main part in the nonitoring
system Fig. 19 illustrates an algorithmof nmain parts
in the nonitoring system 15 Fig. 20 illustrates an
algorithmof main parts in-the. nonitoring system '
Fig. 21 includes mathematical expressions. Fig. 22

i nel udes mat hemati cal expressions. Fig. 23 includes

- mat hg tu%alm@i%gésggg@ 2% Hi% SZﬁﬁLanggfétlcs of a

mat henat i cal” expr €ss a

mFBhNEaBE | 43l tIRX MRS RSy s é’Qem26 i ncl udes
mat hemat i cal expressi ons. est Mode for Carrying Qut

t he riwertd ds A5giaphbsiedwidQP haraltetist YN a main
Processing in Image Capture) Fig. 1 shows an exanple
pefrtt he thageorddpminongysyesmem in a 1CCD digital still
canera accor; di ng to t he present i nventi on.
SpecW ¥9cd y5 antrhbgesiviag opreretend: irrovisas dot sHe
2 CCD i ma e _sensor 11 through an imaging.lens
monl oring sy
Fig. 16 illustrates an algorithm of main parts in the
monitoring system.
Fig. 17 illustrates an algorithm of main parts in the
monitoring system.
Fig. 18 is a graph showing characteristics of a main

part in the monitoring system.

- Fig. 195 illustrates_an algorithm of main parts in the

monitoring system.

Fig. 20 illustrates an algorithm of méin barts in the
monitoring system. |

Fig. 21 includes mathematical expressions.

Fig. 22 includes mathematical expressions. 

Fig. 23 incluaes mathematical exbressions;

Fig. 24 includes mathematical expressions.

Fig. 25 includes mathematical expressions. -

Fig. 26 includes mathematical expressions..

 Best Mode_for:CarrYing Out the Invention :
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LNS. Sixteen-bit linear image data Rl, G, and IBMarch 2007
corresponding to three primary colors is extracted
fromthe CCD inmage sensor 11. The extracted i nage
data RI; GL, and Bl is supplied to a denpsaic
processing circuit 12 to be 10 denpsai ced into inmage
data for every pixel. The image data is then

subj ected to AWB processing in an AWB processi ng
circuit 13 to provide inmage glata R 2, G2, and B' 2.
The image data R 2, G2, and B 2 is supplied to an
scRGB data generating circuit 14 to provide 16-bit

Lin Jrage .dat a , and BscRGB in an
(L ERbpat PR drl T B RedRe,  GooRe, and
Bsc I tgyawgr [ r

i rra;i?%d'atsla RscRG%iEl lc"ME;H[FIFCC?B@ & ﬂh% Qm% &g)p%%pp | egg%gm

i ganueD CRTaCil GRitr @é&h&ré—ﬁa&&rcﬁ_@lgs*&@ esteghrdnt

gamma correction and to provide eight-bit 20 i mage -

idaseatRon G SpetiBitellyheat hineeye @lfoms. obhect neme idat a

R, G and Bis witten-in nonvolatile menory neans,

.PFeEeC*é%én?n e T fasheneemyyr 20, thimovghhaa imaging lens

eader-witer 19 and is stored in the flash nenory

L§§ Tﬁ%x??%ﬁﬂ?%¥e%6P9a90lm%99r4ﬂﬁ§v§8heGﬂroﬁ$@rﬁ§-dlgltal

. Al I
Bh ST e By SRR BREE AR ke e
.c@srm& d AL fidCyht 18, 0.4 trdgat lﬁs' g%%@l %fcwd

e converted into |nage

Bllhilﬁs ¢@piltga RaNgeqeabdaic mc%%ls% dl:ﬁ:@ﬁf@t?@ %t 8Ch
-and Cr of blue and red. The i mage gata Y, Cb, and Cr

de&owm1¢¢dﬂlnto image data for every pixel. The image data

is then subjected to AWB processing in an AWB processing

'rcircuit 13 to provide image data R'2, G'2, and B'2.

- The image data R'2, G'2, and B'2 is supplied to an

scRGB data generating circuit 14 to providé l6-bit linear

‘image data RscRGB, GscRGB, and BscRGB in an scRGB. format,

and' the imagé data RscRGB, 'GscRGB, and BscRGB is temporarily__
stored in a RAM 15. The stored image data RSCRGB, GSCRGB, .
and.BscRGB:is.suppiied to a-gamma correction circuit 16 to-
be'subjeéted tb gamma corréction and to provide eight-bit
image data R, G, and B for the'three coloré. The image daﬁa_‘
R,'G, and B is writténrin noﬁvolatile memory*méans, for

example, a flash memory 20, through a reader-writer 19 and

is storedfin'the flash memory 20. The flash memory 20 is

removable from the dlgltal Stlll camera.

Alternatively, the image.data R, G, and B is supplied
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5in the flash menory 20 through the reader-w il2eviach 2007
and is stored in the flash nenory 20. The inmage data
R, G and B or the image data Y, Cb, and C is stored
in the flash menory 20 in order to establish the
conpatibility with a known digital still canmera or 10
"i mage correction and processing software". According
to the present invention, the inage data is further
processed in the follow nggranner. The i mage data
RscRGB, GscRGB, and BscRGB stored in the RAM 15, that
is, the 16-bit Iinear i mage data, is witten in
r throuhter der-wrjter

fg}rﬁh ‘t? ny rr% rFI A J[ilocr:fi“g“':an h‘:ssgt%grsdmla rJt)Eecgjl lﬁ‘tlng
cﬂ?@@:[’y ﬁﬁtd“lﬂeeﬁeﬁ{réi’@éa”lﬁ{@ Iﬂmedgﬂgalgs&% format,

GscRGEB, and BscRGB is supplied to an scYCC/ scRGB
tRQOVES | i NghiGianedi Hadd Y tandeQup eitredrbntd d-Didb and
nonl i near i mge data YscYCC, 20 CbscYCC, and CrscYCC :
Crnoarb Y@@ df agedat . Tffélelmamgelaiat &, UheYail GhsiY@Zitten
and CrscYCCis witten in the flash nmenory 20 t hrough

iphghe et Wemper 19 Hmbugh dther e¢adartieifemsh? and is

menory. 20; The sjgnal processing in inmage capture is
S'b‘é’f‘?%rjﬁbcﬁenﬂi‘ﬁhtlﬁ%m?@hn?é} descri bed above. 12 Mar ch

200 1 t | .
Gengrglgt |qng é?%?{%)% ﬁéﬁ%gi’%a%eg tﬁ‘tir‘ing and,

h 2
J‘I_C'Sfibgbifoerget%iedht ghtéggﬂ%v\}gz}%égr}oﬁ %0 gh or@@g t% %sﬁlgyﬁ.@h

the compatibility with a known dlgltal still camera.or
"image correction and processing software". According to.
the present invention, the image data is further processed
in the following manner.

'_ The image déta-RscRGB GScRGB, and BscRGB stored in the
RAM 15, that is, the 16-bit linear image data, is wrltten in
the flash memory 20 through the reader-writer 19 without any
modification'and is stored in the flash memory 20.

7 Alternatively, the image data RScRGB, GscRGB, and

. BecRGB is supplied t0 an chCC/ScRGB converting circuit 18

to be converted into 12-bit nonlinear image data YscYCC,

CbscYCC, and CrscYCC in an scYCC format. The image data

YscYCC, CbscYCC, and CrscYCC is written in.the'flaSh memory

20 through the reader-writer 19 and is stored in the flash

- . memory 20.

The Signal processing in-image capture is performed in

the manner described above.
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5 is converted into the 16-bit |inear inage datl® March 2007
RscRGB, GscRGB, and BscRGB in the scRG format. .This
conversion is realized in, for exanple, the follow ng
process. (1) First, a white |evel (100% white |evel)

of a scene is determ ned. For exanple, imge data

Xraw, Yraw, and Xraw is 10 calculated fromthe inage
data R2, G2, and B' 2, which is subjected to the AVB
-.correction, for every pixel jaccording to Equation 1

in Fig. 21. Next, the average Yraw ave of the image

data Yraw for all the pixels in the imge or for a

- pi xel appropriately 15 sanpled is cal cul ated, and the

white level is set to a value, for exanple, five
(MBS kBl 004s LNARENR AU 300, AN AR el 1 1G] PROS)
data Xraw, Yraw, an raw for~every pixel i's"
nor nehi 20l R dhRE fOnEMMAldPRi2cktFi8; 2 PASRA GRta
the white level set in (1) to calculate normalizéed
R'fpge’dat and 20 2 awikh Yeavoalhjeddwll Xoawha. AGB) cdBrection,
shown by Equation 3 in Fig. 21, the normalized i mage
igatanXeahed, intrcawhe, 1&nbiXr hinercdlmagieatiedai Rs¢RYB, S
integrated with the inverse matrix of a matrix M to
glr atRd | Bgetdda tRe3scRFB, fammitR' 3Thap egeygrsion is
rpi éel .d25" (4) Sixt eeg-bit | i pear image data RscRGB,
GEcRERT Hid B REB™P2 Ml WINg PIPREERe scRGB

(G PR ReRE (o RN R bR or TR 2%

‘déﬂﬂﬁhiﬂ@dﬂ'TﬁbrFkgamgle, image data Xraw, Yraw, and Xraw is

calculated from the image data R'2, G'Z2, and B'2, which is
subjected to the AWB correction, for every pixel according_
to Equation 1 in Fig. 21.

| - Next, the average Yraw_ave Qf the image data Yraw for
all the pixels in the image or for a pixel appropriately
sampled is calculated, and the wﬁite level is set to a Value;
for exémple, five times larger than the aﬁerage Yraw_ave.

(2) The image data Xraw, Yraw, and Xraw for every pixel is

normalized according to Equation 2 in Fig. 21 based on the

white level set in (1) to calculate normalized image data

Xraw_n, Yraw n, and Xraw n.

(3} As shown”By Equation 3 in Fig. 21, the,nbrﬁalized image
data Xraw n, Yraw n, and Xraﬁ_n Calculated in (2) is
integrated with the ihverée matrix of a matrix M1l to
calculate image data R"3, G'3; and B'3 forrévery pixel.

(4) Sixteen-bit linear image data RscRGB; GscRGB, and BscRGB -
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Since the i nage data RscRGB,. GscRGB, and BscRGH2iMarch 2007
desired inmage data in the scRG format, the inmage data
RscR@B, GscRGB, and BscRG@ is read out fromthe scRGB
data generating circuit 14 and is stored in the RAM

15. (3. Exanple of scYCC/ scR@ Converting Crcuit 18)

10 I'n the scYCC/ scR@ converting circuit 18, the image
data RscRGB, GscRGB, and BscRGB in the scRGB format is
converted into the inmage data Ln the scYCC format.

- This conversion is realized by, for exanple, the

foll ow ng process. 15 (1) Nonl i near |rmge dat a -

.iga?}g%R%?PéGg ?fCORC%F he°i6e}5e]fy Il?lnxee;ir ls ene da o%s%

ifBGRGR c A0 PSERB Lyt hes S&ﬁ%fa%rerz@atm ggyorga@&dﬁg to
Equation 5 in Fig. 21 and Equati on . (2)

%ﬁgtﬂgmlel nealriigrage . data R scRGB, G scRGB and B scRGB -
O inthe scR& format is converted into the imge.

dat 8i¥seYEBe ifibge YOG a b RGPS C ¥EERGHA, t Aed SBMIGH drsmat
according to Equations 7 and 8 in Fig. 22. Since the
deahged dareneysiaYeCinChbe YORCRrd mMede YEBS smaafés‘iifr“@j
image data in the scYCC format, the image data

RySRYBC, GRIRGBYcenda RACRER o gad st é&orﬂntbﬁes‘fﬂﬁ%%rﬁata '

07 .12 0 th t
: gglggg%%/%%ﬁlé:r‘:%. %g and; 4% EI’Ztcffﬁr 6{:21212:%518 FAMMDRI t ori ng

of Captured Image) Fig. 2 shows an exanple in which
the present invention - ' S

(3. Example of scYCC/scRGB Converting Circuit 18)
In thé scYCC/scRGB converting'circuit 18, the image

data RscRGB, GscRGB, and BscRGB in the scRGB format is

converted into the image data in the sc¥YCC format. This

conversion is realized by, for example, the following

process.

{1) Nonlinear‘image data R'scRGB, G'scRGB, and B'scRGB in

the scRGB format is calculated from the 16-bit linear image
data RscRGB, GscRGB, and BscRGB in the scRGB format
accordlng to Equatlon 5 in Fig. 21 and Equatlon 6 in Fig. 22.
(2) The nonlinear image data R'scRGB, G'scRGB, and B'scRGB
in the scRGE.format is conﬁeited into the image data YchCC{,
Cbsc¥CC, and CrscYCC in the SCYCC format accbrding to
Equétions 7 and 8 inIFig. 22.

Since the image data YscYCC, CbscYCC, and CrscYCC is

desired image data in the scYCC format, the;image data

YScYCC, CbscYCC, and CrscYCC is stored .in the flash memory.
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5 is applied to a circuit for correcting a captl@rMdrch 2007
i mge. Specifically, the inmge data RscR@, GscRGB

and BscRGB in the scR& format is read out fromthe
flash menory 20 through the reader-witer 19, and the
readout inmage data RscRGB to BscRGB is witten in the
RAM 15. Alternatively, 10 the inmge data YscYCC

CbscYCC, and CrscYCC in the scYCC format is read out
fromthe flash nenory 20 Lh%%ugh the reader-witer

19. The i mage data YscYCC, scYCC, and CrscYCCis
supplied to the scYCC scR@ converting circuit 18 to

- be converted into the |na$e data RscRGB, GscRGB, and

2P tREeRER The t1FedSCREBIFSF nBf: The i mage data RscRGB,
GscRGB, ‘and BscRGB is witten in the RAM 15. The
i mge data RscRGEB, GscRGB, and BscRGB witten in the

(%ﬁ\%l?méf SHR 480 g thaMQﬁz‘:‘PéPi/n 3 exaupLs, Irgslﬂ%é')CD

, hrough a nDnltor di.spl ay proceSS|ng circ
and Fsg2Q® dihsmisaysde 28msl & GlrOfwHidRgehe ThEe ¥t Einvention |
bal ance of the image data stored in the flash nenory
i20aphpdibeetm autcdmanicabby comtediined abyapher&¥\Bimage.
processing circuit 13 in the image capture. In the
Seraipieallyy Rig iRagehdataeRpcRif a GACRGBenahd BHERGMNID
15 is_processed 25 in an AWB fine tuning circuit_33 to
thPnBCRaRo PR tuHi: 829 RBF CHFIDORE F32 BaPaRoey 301 he

oIor di spl a e he L é132r The i mage da a
R, o8 Crets Rl Shet ey e (0 9=tk FRPI ST
R%@E&ﬁr{:&daééﬁc% H'E-.%Ht@éﬁ ﬂ?néﬂé‘%ém hERgeadal Anatively,
the image data YschC, CbscYCC, and CrscYCC in the sc¥YCC '
format is read out from the flash memory 20 through the
reader-writer 19. The imagerdata YSCYQC, ChscYCC, and
CfchCC is supplied to the scYCC/scRGB cénverting circuit 18
to be convertéd:into the image data RscRGB, GscRGB, and‘ |
BscRGB in the.scRGB format. The image data RscRGB, GscRGH,
and BscRGB is written in the RAM 15.
The image data RScRGB, GscRGB, and BscRGB written in
the RAM 15 is:Suppiied to a diSplay,-fér example, an LCD 32,
through a monitor display processing circuit 31 and is N
displayed éé a color image.'l
VThe white balanée_of'the image data stored.in fhe_flashl
memory 20 has been automatically cqntrolled by .the AWB
processing dircuit'13 in‘ﬁhe.image‘capture. In the example
in Fig. 2,_the-image dafa'writteﬁ in the RAM-lS isiprdcessed

in an AWB fine tﬁning circuit 33 to'fine¥tﬁne the white
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"YscYCC, CbscYCC, and CrscYCC in the scYCC f or ne2 March 2007
the 5 scYCC/scRGB converting circuit 18 and is witten
in a RAM 34. The image data YscYCC, CbscYCC,
and. CrscYCC in the RAM 34 is corrected in accordance
with a GJ operation by a user in a tone correction
circuit 35. The corrected inmage data is converted
into signals in an RG format in the. nmonitor 10
di spl ay processing circuit 3% _and the converted
signals are supplied to the LCD 32 and are dlsplayed
as-a color image. The |nage data that is subjected to
rrection,in th

SR AT S Sp bR ﬁhifu't >

readﬂgE ag st n I
\%gﬁpﬁéggf % | néeH I’]#I ng g F(S:l%l?(t;ﬁ 3‘%’)":‘l
tuhi mbﬁ w%o@lke&fa@dl TRes g a RIGRBonEEa&EB. lreg% data
BscR@& in the scR@& format, witten in the RAM 15,
yktnee, 2bddany iaaaedreayd:dnelmhttﬁee ddyfoor fatinad im ttme
i mage capture, stored in the digital still canera.

STHES/ $¢RIEB tanriveg tiing reaburedlbyenche sf eicibiengin a RAM 34n%

grocess. 5-1 AT[K] correction of color tenperature
?ohﬁl%ﬁ tCéat825f8|§é’F3ﬁtr ?hsﬁﬁ%e Etf&thJer@YFFef-@rﬂtl% FFAI‘@ 34 1s

% &mu 14 5-1 (g e tun I8 whi t

BEFSTEe o Are ARrEr ThaDe CHpERAE IR (iR @

eBL LS EIMAIA e aval vat o yalue TUK spaof Suepene

fTom a n mage capt ur e.

converted into signals in an RGR format in the monitor

display procéssing circuit 31, and the converted signals are

supplied to the LCD 32 and are displayed as a color image.
The image data that is subjegted to the tone correction

in the tone correction circuit 35 is written in the flash

memory 20 through the reader-writer 19 and is stored in the

flash memory 20,

{5. Example of AWB Fine Tuniﬁg Circuit 33)

The white balénce of the image daﬁa RscRGB, GscRGB, and
BscRGB in the scRGB format, wrltten 1n the RAM 15, is fine-
tuned based on the whlte 1nformat10n in the image capture,.
stored in the digital still camera. This fine tuning is

realized by the following prbcess.

5-1 AT{K} correction offéolor'temperature From white

point in image capture (refer to Fig. 3}.
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5 whi t e- poi nt color-tehperature eval uati on val ug March 2007
TwW [K) of the scene after the white bal ance is :
corrected is calculated fromthe eval uati on val ue

- TwW K] according to Equation 9 in Fig. 22 in a

whi t e-point col or-tenperature evaluator 331. (2) Xy

chromaticities xd' and yd- are calculated fromthe 10

whi t e- poi nt col or-tenperature i nformation TW [ K]

cal culated in (1), accordipg to Equation 10 in Fig.

23. It is knowmn that Equation 10 is approxi mately

satisfied at a color tenperature of 4,000 Kto 7,000

K. (3) Z tristimilus alues XW_, YW , and, ZwW are

~cal c%‘l]a"@e(d EIlf% FHBITE he x‘if”ctr?r ORAEPEPt PRSP ety dmage

CE tLbg white point, calculated in (2), according to
uatron 11 in Fig. 23. (4) Linear RGB values R w,

(B) Wa RiRde B idt %%Qo&oﬁem€é§5%&E@'@%élﬁa@goﬁRggﬁﬁ@nﬁJQQ
are calculated fromthe ristinulus val ues Xw

- o@ind dwénofid e elldietie fpeinnthe Hafd ah the eRrgecta®uly. 2

using the inverse matrix of the matrix ML used in
WEquatpqnnK:@olq;e¢empengtuneEmmmnuaMnthVEmueFTg [RB.of the
(5) Wth regard to the white point of the TwW K] before
SERBe %%Wred:t combixyzbelanee md worvalcted Xw, cyigulatedzw
can cal cul at ed accordlng to Equations 10 and

53 8 wdirasess Ve ue By U megPrAERIv APUBSUR o, 1n
cgrrectﬁgﬁnméhg 2%?%8588%155(gem?%%%taﬁgﬂngﬁﬂéﬁé? ggif
(Qﬁlﬁﬁ'éﬁfﬁ%&%ﬁ&%&ébggxéo gﬁﬁ“ﬁd““%rezcalculated from the
whiteupoint color-temperature information Tw'[K] calculated.
in (1), according to Equation 10 in Fig. 23. It is known
thaf Equatioh 10 is approximately satisfied at a color
temperature of 4,000 K to 7,000 K. |
{3} XYZ tristimulus values Xw','Yw;, and Zw' are calculated
from the xy chromaticities xd' and yd' of the white point,

calculetedrin (2), according to Equation 11 in Fig. 23.

(4) Linear RGB values R'w, G'w, and B'w in use for

‘displaying in an sRGB monitor are calculated from the

tristimulus values Xw', Yw', and Zw' of the white point

after the correction by using the inverse matrix of the

fmatrix Ml used in Equation (1), according to Equation 12 in

Fig. 23.

- {5) With regard to the white point of the TwlK] before the

eorrection,;XYZ tristimulus values Xw, Yw, and Zw can be

calculated_eccording to Equations 10 and 11.
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(7) Wiite-balance control. factors kr, kg, and RdMarch 2007 -
5 calculated fromthe Iinear RE&B values Rw, Gv, and Bw
before the correction and the |inear RG values R w,
Gw, and B w after the correction according to
Equation 13 in Fig. 23 in a white-bal ance

control -factor calculator 332. (8) In a white-bal ance
control calculator 333, the white 10 bal ance control
factors kr, kg, and kb calcutated in (7) are
integrated with the i mage data RscRGB, GscRGB, and
BscRG&B in the scRGB format, read out fromthe RAM 15,

[ e A S e
tRE R&%rﬁé”ﬂ@éor%f (X318 Ebﬁréécﬁs?{ fl%ChllgglaJQ@ calgd %thg ,
I mge data Rsc RGB W BSCRGE Wi s

m&\ﬁiﬁéﬁrhﬂﬂ%ﬂdﬂxlblﬁ@d Rfcb&c;l;&'zha@ ftlongqhuﬁ@dn 1esul ts.
5-1-2 Fine tuning of white balance of inage recorded

(2D Whi fd-silamerpcyn2fol ladtfirtse kpoi kY, | afdritatdmen in
the i mage capture, recorded in advance in a header of
calrulmdirfaprdahg {dnear RERGEaduessBYCCHY - iangd @énblb@épre
to yield the white-pojnt color tenperature Tw K] :
the CORRRIE 1 ife the bl RgA% é‘%w&ﬁess §5Wco(?1t”?'oland B'w
£€%¥(¥§E cdrré%tlgﬂdagg ég %ﬁ %lat 13% rﬁ r} %3 in.

gfrﬁ?ateé% ea%%ﬁtggftf§éﬁ£@%%ﬁ%§l§£ork932and kb are

n the same nmanner as 1 n 5-1-
{8} Im a white-balance control calculator 333, the white-

balance control factors kr, kg, and kb calculaﬁed in (7) are

integrated with the image data RscRGB, GscRGB, and BscRGB in

‘the scRGB format, read owut from the RAM 15, according to

Equation 14 in Fig. 23, to calculate image data RscRGB W,
GscRGB: W, and BscRGB;W in the scRGB format after the

correction. The calculated image data RscRGB_W, GSCRGB_W,-

“and BscRGB W is written back in the RAM 15 as fine-tuned

 're$ults.

)
5-1-2 Fine tuning of whité balance of image récorded

in flash_memory 20 | |

(1) Whiteroint informatioﬁ ih the image captufe,_recorded‘

in_advance in & header of the captured data (data SCcRGB or

chCC); is'réad-out to yield the white—point.coior

temperature TwiK] in thé image'cépture. The white-balance

control factors kr, kg, and kb are calculated based on this
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(2) When the image data stored in the flash nmeni@rMagh 2007
is the 16-bit linear inmage data RscRGB, GscRGB, and
BscR@&B in the 5 scRG format,.the correction is

performed in the same manner as in 5-1-1 (6). (3)

When i mage data stored in the flash nmenory 20 is the

12- bit nonlinear iimage data YscYCC, CbscYCC, and
CrscYCCin the scYCC format, the image data.YscYCC
CbscYCC, and CrscYCC is 10 ggnuerted into the 16-bit

l'i near inmage data RScRGB, GscRGB, and BscRGB in the
scRAB format in the scYCCO scRGB converting circuit

HERrRPOAATS, 14 B b o RO LB HIE IR, s, ana

S in COﬂVGfSIOﬂ nme

k@eé%' D&t 1 Q61 by tH@XEaméﬁne(rﬁ%exl a&nl-hLi,

nonl i near i mge data YscYCC, CbscYCC, 'and CrscYCC in

(bhewaeCad oiilfe. dh@adsobted o e flladshmeRBBYy Y20 25 the
is converted into the nonlinear inage data R scRGB,

1GFB¢EKIhne&M1ﬂmageRGBtanRshEGBpFEE&HGE}W&hdaBSORGBr@ptthe
Equations 15 and 16 in Fig. 23. 20 (3)-2 The i mage
sgBEE ROTORGB,the soREBctand BS seREB el apt sHe $an¢ Fjanner
is converted into the linear image data R3, G 3, and
ag 3nj p- %h% SQRGB fornat according to Equatlon 17 in

3, .G 3

the 12-
Ok %??eﬂ“ e e b e T R e O
E {Eéa%ggeggfg'§§hyé@d é%%éﬁ@ ha%QOerégbC in the
|n thé's ormat according to Equation 4
scYCC format, the image data YscYCC, CbscYCC, and CrscYCC is
converted into the 16-bit linear image data RscRGB,‘GscRGB,
and BscRGB in the scRGB format in the scYCC/scRGB converting
circuit 18, and the correction is performed in the same
manner as in 5-1-1 (6}.
The conversion method is described in detail next.

(3)-1 The 12-bit nonlinear image data YscYCC, CbscYCC, and

CrscYCC in the scYCC format, read out from the flash memory

20, is converted into the nonlinear image data R'scRGB,

G'scRGB, and B'SCRGB'in the scRGB format according to

'Equatlons 15 and 16 in Fig. 23.

{3)-2 The image data R'scRGB, G'scRGB, and B'scRGB converted

din (3)-1 is converted into the linear image data R'3, G'3,

and B'3 in the scRGB format according to Equation 17 in Fig.

- 24.

" {3}-3 The image data R'3, G'3, ahd B'3 converted in (3)-2 is

converted into 16~bit linear image data RscRGB, " GscRGB, 'and
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5-2 Exanpl e of nonitor display processing circui2M3adh 2007
(refer to Fig. 4) 5 The image data RscRG, GscRGB, and
BscRG in the scRGB format before and after the white
bal ance control is converted into inmage data in the

RGB format in an scRGB/ RG conversion processor 311

in the nonitor display processing circuit 31, and the
converted inmage data is supplied to the 10 LCD 32 and

is displayed as a color inage..The conversion from

the scRGB format to the RGB format is described in

detail next. (1) The 16-bit |inear inmage data RscRGB

BT KB ORI, gL SIS TS RooEHERChatRaR, |

and B'scRG in the scRGB format according to Equations.
5 and 6. (2) The inmage data converted in (1) is

convers edniiA et Be fonbidr %@ﬁl%%a[argééﬁsﬁag Giaad B3l -
in the RGB format according to Equation 18 in Fig.
(2Bfe20t63igdhes)8-bit nonlinear image data R, G and B .
converted in (2) is supplied to the LCD 32. 5-3

Exanphe igfag@Udater RECREBt FHARFBAVBRANBopRERAItiorthe scRGB
exanple of a GJ for fine-tuning the AWB 25 is,

tesneki peleng tand eférenthet WhHg PaganppgcoBtrat] ikles r

FABEED, 2007 118, diagr A Sh G L T 88" uf A5G rren
conversion processor 311 in the.monitor display processing
circuit 31, and the converted image data is supplied to the
LCD 32 and is displayed és a color image. The conversioﬁ
from the scRGB format to thé RGE format ié described in
qetail next. |

(1) The 16—bit linear iﬁage'data RscRGB, GscRGB, and‘BscRGB'
in the scRGB format isrconveitéd into the nonlinear image
data R’scRGB, G'scRCGB, and B'scRGB in the ngGB format
according to Equations 5 and 6.

(2) The image data converted in (1) is converted into the 8-

_bit nonlinear data R, G, and‘B-in the RGB format according

to Equation 18 in Fig. 25.
(3) The 8-bit nonlinear-image'data R, G, and B converted in

{2) is.suPpliéd'to the LCD 32.

5-3 -Example of GUI for fine-tuning AWB
An ope:ation'example of a GUI for finthuning the AWB

is described with reference to Fig. 5. Fig. 5 includes
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descri bed above. On the rear face of the digit dl2Muich2007
canera, the LCD 32, a nenu button 41, an OK button 42,
and a cursor button 43 for up-down and left-right
novenent are 5 provided. (1) An image for which the

whi t e-bal ance fine tuning is perfornmed is sel ected

and the selected image is displayed in the LCD 32.

(2) The menu button 41, the cursor button 43, and the

OK 10 button 42 are operatgd to select a

"whi t e- bal ance fine tuning node". For exanple,  as

shown in Fig. 5A letters indicating "Fine tuning",

e h", " dard" d/ ' |
iy sﬁr%éﬁgaﬁh I O TS B SURSTLTRGREL.
- addISSRAPBSve ! 6 GAD e oSel ggt 8¢ Wit hai PA HUKRANT

utton the "Fine tuning" is

cM dedef @EDCOS | £t dRSEbhbad, beh vk Bt ke, and a
T"Hght i's sel ected, the white- p0|nt col or tenperature

cfsdrheutiBge4Bsfor Q[pf—eﬂivﬁd atnd de¥alueght gherererdn atrhe
current value by 500 20 [K] to 1,000 [Kk]. When the

prdwiwed.s sel ected, the white- point color tenperature
of the imge is corrected to a value |ower than the

(Burredmaggl ferbyh5gp fhe whé te; Beé)a{lk? tigfefunifg is

"Standard" is.se t ed 01nt col or
p? GfeSEtet gi ‘ﬁe S%E tﬁ%%?ec%?fgbgﬂaﬁed in
en the "Fine tuning"” is selected,‘a slide bar
tfif‘n I‘@ f?hl\/ar ch 2007 19 | -

{2) The menu button 41, the cursor button 43, and the OK
button 42 are operated to select a “whitefbalance fine
tuning mode"™.

For example, és shown in Fig. 52, letters indicating
"Fine tuning“,'"High“,‘“Standard", and "Low" modes are
superimposed.and dispiayed on the image displayed in (1}).
Among these modes, which can be selected with thé cursor
button 43 and the OK button 42, the "Fine tuning" is

provided for correction described below. When the "High" is

' Selected, the white-point color temperature of the image is

corrected to a value higher than the current value by 500
[K] to 1,000 [k]. When the "Low" is selected, the white- .
point.colbr témperature of the image is corrected to a value

lower than the current value by 500 [K] to 1,000 [K]. When

- the "Standard" is selécted, the white-point color

temperature of the image is kept.withoup corregtion-

(3). When the "Fine tuning" is'sélected,-a slide bar 44 is




10

15

20

,:25 7.

further displayed in the LCD 32, as shown in Filg.Msgh 2007

~When the cursor button 43 is operated to horizontally

nove the slide bar 44, for exanple, the white-point
color tenperature of the inage is corrected to a

val ue higher or lower than 5 the current value by
around 100 [K] each tine the slide bar 44 is noved by
one scale division. (6. Exanple of Tone Correction

Met hod in Tone Correction- gprcuit 35 (refer to Fig.
2)) 10 The. tone of 12-bit nonlinear inmage data
YseYCC, CbscYCC, and CrscYCCin the scYCC format,

etened B ANS BAMSE J ecpcatrect ed n theplones e

correcti O CIrcul es’cribe el ow,

thaechs?gsr GO &5 148N 158019@{&9@&% %ﬁ%%gﬁﬂy M d Rthe

operations by the user. -1 AutonmatiCc tone o
s@Qaéesarom4fﬂﬂbr @xbﬁ@h@deﬁhglﬁﬂﬂﬁﬁnidlhhuablai|féhperature :
exanples of GUI operations in the tone correction.
of 1yhénimaggel siogeetdne ts 4 ovdleiec trigbetedri Sowet edtead
and 20 the selected inmage is displayed in the LCD 32. -
t@?) CTReEeRe iR Ing bonazeund he0 ¢ ukkEloealsin. tdme 48he anldi dehdar
button 42 are operated to select a "tone contro
4ﬁoa§ meped h e Scade sRbWE I Fi g. 6A, lett ers _
i ndi cating "Manual ", "Automatic", "TV', and "Picture™
nodes are 25 superinposed and displayed on the.i mge

(glsﬁkéﬁgﬁkidk @%%e égrpgéfqlxngg%hd%oin Tone Correction

‘Circuit 35 (refer to Fig. 2))} .

The. tone of 12-bit nonlinear image data YscYCC, Chsc¥CC,
and CrscYCC in the scYCC format, stored in the RAM‘34, is
corrected in the tone correction circuit 35. As described
in detail below, the tone qorrection is performed in

accordance with GUI operations by the user.

6-1 Automatic tone correction

Fig. 6 includes diagrams illustrating examples of GUI

- operations in the tone correction.

(1} An image whose tone is to be corrected is'seleCtéd and
the selected image is displayéd in the LCD 32.

(2) The-ﬁenu‘button 41, the cursor button 43, and the CK
butfon 42 are operated to select a "tone control mode.

For examplé; as shown in Fig. 6A, letters indicating

. "Manual", "Aufomatic",.“TV", and "Picture” modes are

superimposed and displayed on the image displayed in (1}).
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Anong these nodes, which can be selected with ti2eMarch 2007

cursor “button 43 and the OK button 42, the "Manual "

is provided for the user to manually, performthe-

correction described below. \Wen the "TV' is

selected, the image is corrected to achieve 5

television-like inmage quality. When the "Picture" is
~selected, the image is corrected to achieve

filmcanera-like imge quabity. (3) Wen the "manual "

- is selected, slide bars 45 and 46 are further

di splayed in the LCD 32, as shown in Fig. 6B. Wien 10

- the cursor button 43 is operated to horlzontall¥unnve

ApRBI sFReRe garders, PAENCEARr AR5 YRR ghte

| hi ) |
ngggcurrenC(?r tO%dBi/lggﬁlél S gFeJ elagh niu%% t%geéfé‘(lf}?tf% for

d 1 OW. .
tlﬁé %PD%@%%}}M% V g@ktsﬁm LNL Sty MMen shide:bad ]éeq

orlzont 15 contrast of ‘a shadow of

whBg tRBOervs 1053rsre$.‘éb@@d‘; OtBe Vahate: ild gbekebteliO¥®rachieve

than the current value by one step each tine the .
tel edesban- Yikd Smageedubyiope Siiadre the vestonret 4s Wien
the "Automatic" is selected in (2) described above,
sehecaedon@ne(ﬁmm@@eléoppecﬁctmﬂltp;ﬁﬂﬂmgﬁﬁeﬁllmT@ﬁmera—1lke
automati-c, 20 correction includes, as shown in Fig.
18@93aqu%&%ﬁﬂard" nmode for general autonmatic

GO BEEH S ﬁ'nﬁaﬁ?&ﬁ%?%sbs%%d EEER C%ﬁe
ftlg{:h{epedféﬁ% ncehgegbb% [s ARRAVE6APEy . THE. USfen

can sel ect t he "Standaf nghtscape and

_thgeca§s:§ﬂﬁﬂ§§§pﬁ gogﬁéraﬂ@dhﬁfQﬂxﬁQ@ﬁtally move the

slide bar 45, the contrast of a highlight of the image is.
corrected to a value higher or lower than the current value
by one step each time the sllde bar 45 is moved by one scale
division.  When sllde bar 46 1s_horlzontally moved, the .
contrast of-a:shadow of tﬁe image is corrected to a value
higher or lower than the current value by one step'each'timé
the slide bar 46 is moved by one scale.divisibn. |
(4) When the QAutbmatic" is selgcted_in (2) described above,
the_aufomatic tone correction is performed. The_automatic
correction intiudes, as shown in Fig. 6C, a "Sténdard" mode .

for general automatic correction, a "Nightscape" mode for

the automatic correction for a nightscape, and.a "Snowscape"

mode for the automatic correction for a snowscape. The user

- can select_any of the ﬁStéhdafd",_“NightsCape“, and the

"Snowscape" modes.
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21 6-2 Exanple of tone correction circuit 35 Filg Mdrch 2007
shows an exanple of the tone correction circuit 35.
The tone correction circuit 35 is schematically 5
descri bed here, and the conponents in the tone
correction circuit 35 wll be described in detali

bel ow. Referring to Fig. 7, anong the inmge data
YscYCC, CbscYCC, and CrscYCC stored in the RAM 34,
the | um nance data YscYCC.i sqsupplied. to a tone
corrector 351. The tone of the |um nance data 10
YseYCC is corrected in the tone corrector 351 and the
corrected data is output. The color difference data
.CbscYCC and CrscYCCis supplied to a saturation

cor f@%gg%@alemg té@cg&tfe%l% LRGPt °§5 d' fference

dat and I's corrected I n

sat urigf,i 9N s6BkEeehoExARA ARG tthe %5n§0&<5§£é&guﬂﬁtc§_ﬁcﬁlt |
out put. The output inmage data YscYCC, CbscYCC, and

36k sSCMEC tiches toplreedibo £OGRX@R, s idescheheticahbbye,

and i s displayed as a color inmage. The output image
ddataiést YET e, CoscYCle anmp@rac¥CEni $hal sonsupplieckian
the flash nmenory 20 and is stored in the flash nenory

cppcudlp Stherildnibradescyibed Yt Vet aid §@é|91§nti%¢f‘§/rring to

dt I
FREaP T i Shel APaPRnaR e et bposeal. chf i e
d h ;
?g%@%ggﬂ n’Eﬁ%r %?ﬁn %gt Eg%rf%rg{@a‘}g% %% ac§%§98élf§dsﬁﬂgﬂ.e@..
t6ak egd ZrRRthesykl , tﬁﬁécﬂﬁkﬁekiQﬂe2§umlnance data
characteristics of the tone in the tone corrector 351

vacecd 2 Mgortre28@4 in the tone corrector 351 and the

correéted data is output. The cgior difference data CbscYCC
and CrscYCC is supplied to a saturation correcfor 352. The
saturation qf the color difference data CbchCC and CrscYCC
is'co;reCted in the saturation corrector 352 and the
corrected data is output. The ocutput image data Yséch;
ChscYCC, and CrscYCC is supplied to LCD 32, as described
above, and is diéplayéd as a color image. The output image

data YscYCC, CbchCC, and CrchCC is also supplied to the

~ flash memory 20 and is stored in the flash memory. 20.

The luminance data YscYCC is sequentially supplied to a -

luminance signal histogram calculator 353, an image

information extractor 354, and an image categorizer 355, and

the 1mages are categorlzed 1nto, for example, ten categories.

Based on the categorlzatlon result the correctlon

characterlstics of the tone in the tone corrector 351 are




10

i5

20

}25f

22 determined in a bl ack-and-white-Ievel corrd@Marh2007
curve generator 356, a tone correction curve

generator 357, and a tone correction paraneter

sel ector 367. In addition, based -on the _

categori zation result described above, the correction

5 characteristics of the saturation in the saturation
corrector 352 are determned in a saturation

correction curve generatar,358 and a saturation
correction paraneter selector 368. Various paraneters
and threshol ds are provided in a ROM 369. The

- foll d ts |
eRETTURE cH? oGt erRE Ul S5 . SOF*CATERR At I f or

t
O£ o gl e i
ttoﬁﬁecSPfé@f@{érQrbéx%n?e%e?%@féé%ﬁ%?‘ S supRkiedidk orﬁased
the RAM 34 to the |um nance signal histogram:

opakhyl ek 0sg@bZkatie rkual badescsignalabbivel oghantorrection
cal cul at or 353 nmakes the cunul ative histogramf(Y) of
chemknbeces signalfs tiief sehmtaeion Ui ridmecsadarat ¥ge YCC,

-as shown in Fig. 8. 20 6-3-2 Extraction of inmage

CORFBERRr | I B Cererained he st cyrtavretdep GPr%fﬁCetlon

| um nance 32%535 dnade in the Iunlnan%e sgg c

CHFé’Fo%‘?%%%% 5 6P 3835aFuratyd g GoEF S ES PR "f‘ﬁ%ee e
f or mat I ac 4 T [ on

<57 PERP o1 085 Vel Pop eyl RO b0 O]

oM €8o42001 o ROM 369. The following proce351ng is

performed in components in the tone correction circuit 35.

6-3-1 Calculation for making cumulative histogram. of
luminance signal Y

The luminance data YscYCC of the.image for which the
tone correction is to-be pefformed is supplied from the RAM
34 to the luminance signal histogram calculator 353. The

luminance signal histogram calculator 353 makes the

cumulative'histogfam £(Y) of luminance signals Y from the

luminance data ¥YscYCC, as shown in Fig. 8.

6-3~-2 Extractidnlbf image informatibn

The cumulative histogram £({Y) of the luminance signal Y,
made in the-iuminancé Signal:histogram,calcuiatbr 353, is
supplied'to the image ihformatiohrextractor 354. lThe'image.

information extractor 354 calculates values Yl,'Y2, - Yn of -
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curmul ative histogramf(Y) corresponds to pl% p2%
.. pn% (for exanple, 5% 10% ... 95% of the entire
data, as shown in Fig. B. The values Yl to Yn
represent the brightness of the inage. 5 6-3-3
Cat egori zation of inmage The imge categorizer 355 uses
the image information Yl to Yn generated in the image
i nformati on extractor 354_tg3 categorize the imges
-into 12 categories shown in Fig. 9. 10 The i mage
categori zer 355 perforns the categorization in

FECHidERe e ot Sxamle, o g hm b e

hxgtbéﬁégngﬁﬁe%mf@é% oh?@ Egdéfh0| Avegtegor|g ex?ﬁgle,

I'S's ance, to’c ze t
s5R11 gbt nessoDf) tie thRgRe i Pt 0gdla ! e HeRhedar | Ff% § hattne
is, "bright (H)", "average (Aye)" and "dark {Lo)".
vé21)1e9§\ vhl e ¥ (e¥3e¥2hti she abeidaired of vdmthbeimage.
| um nance " signal information values Y2 and Y3. The
value Ris conpared with two threshol ds RangeLinl and
RangeLi n2, which 20 is set in advance, to categorize
the bzhge GRteABTHERGHIMERS iMGI%t he immge into three
cat ori.es; tha

i3 wafisg?wa%a A iy e magg gl fgation Y1
8a§§9§gﬂez§%e AP RabOl Bhe Aind IS L8 ra BRLEIE 006

rres mn respec
cREb gt Das s 1m%egr@ggol % (ddregdhedt Eh%ﬁnciiﬁ egoy | es.

The image catégorizer 355 performs the categorizatioh in
accordance with, for example, an algorithm shown in fig. 10.
(1} The luminance signal information value Y1 is compafed
with two thresholds AveLiml and Avelim2, which is set in

advance, to categorize the brightness of the image into .

three categories; that is, “bright (Hi) ", "average (Avé)",

and "dark (Lo)"
(2} A Value R (=Y3-Y2) is Calculafed from the luminance

signal information values Y2 and Y3. The valie R is

~compared with two thresholds RangeLiml and RangeLim2, which

is set in advance, to categorize the range of the brightness.

of the image into three categories; that is, "narrow

" {Narrow)", "middle (Mid)",'ahd “wide (Wide)". .Hence, the
- image is categorized as any of a total of the nine
. categories; that is, the three categories with respect to

the‘bxightness offthe'image-in (1) x the three categories
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12 March 2007 24 with respect to the range ofl2Merch2007
bri ghtness of the image. (3) An inmage having a

"U shaped" histogram shown in the right side in Fig.

9, is extracted fromthe images in the three

categories. (bright, average, and dark) belonging to 5

~the "wide (Wde)" category with respect- to the range

of the brightness. This extraction is perforned by
conparing the |um nance sigmal values Y4 and Y5 of
the i mage and gradient values S1 and S2 of the shadow
and the highlight in the cunulative histogramwth

wiPhesbolds. WoLial Lbhi 2 SlPlncitf a0ds Shp2paiiphe

are set”1n advance, respectively. el !
(89r ARCigehd $a620h80Ar MBS ASedN ) iQf obREm, t SRowAL 8YAHHLS
i ncluding the U-shaped histogramin the manner
rilgeershed iabaveg. 65) iVWenttderdisdromeknet smagedde; the
such as the nightscape. 15 node or the snowscape

thode, catregdys eisndheighpt uresraye waed dehkl ebalenginputts

with the GJ in the correction of the imge (refer to
thepgiwige (Wisleddt 6gbruesy of LTINIGIFPSEApE® B range of the
"Snowscape" are added, as shown in the right side in
DELgRtRESS pad, soﬁx’fﬁ%c?h%el_scé’&r&f"émﬁﬁfBYn‘é?IF%Ei‘FJd‘rg the
1@%%?%8&‘ 5240, L ARUL Sy M L0, t o@khergﬁgggtgiﬁ/c?lc#radient
n.this case, the rmage 1's categorized as any a _

vhohal &f sl @at 8g0LLESshOaR; bl %%%‘ﬁaghﬂ@§$€ ieu8le
correction 6-3-4-1 General black-and-white | evel
cﬁﬁﬁlﬁ@i\i@miSEBngﬁ wirpg eclged shdifdst berimbgeveriwporsizad
in the i mge

and S1p2, which are '‘set in advance, respectively.

{4} The image to be corrected is categorized as any of the

ten categories including the U~shaped histogram in the

manner described above.
{5) When the user selects a mode, such as the'nightscape.

mode or the snowscape mode, in the image capture, or when

' there are inputs with the GUI in the correction of the image

{refer to Fig. 7}, two categories of "Nightscape" and

- "Snowscape! are added, as shown in the right side in Fig. 9,

based on the image capture information or based on the

inputs with the GUI, respectively. In.this éase, the_image‘

s categorized as any of a total of 12 categories.

6-~3-4 Black-and-white level correction
6-3-4=-1 General black—and—ﬁhite_level correction

. The image data of the imagé categorized in the image
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bl ack- and-white-1evel correction curve generator 356,

as shown in Fig. 7. The black-and-white-I|evel

correction curve generator 356 primarily enhances an
insufficient contrast caused by the 5 exposure state

in the image capture. Accordingly, the

bl ack- and-white-1evel correction curve generator 356

has an algorithm for exampke, shown in Fig. 11 and

has an S-shaped characteristic shown in Fig. 12. The
generation of this S-shaped characteristic uses 10

cyagtions, i Fquatlon 19.(cef 6. L0 K., 2Ly, L0 WG

ectlon pol ure rr are USG

cB@Eé‘@P{&( S ée@%&a%oku%@an&§ MR HE WM gOF 71 heI‘he

lack Tevel of the inmage gets close to zero and
bhHHkn&EE%vMaié@ev\élIH&oQEe&BﬁoW&JﬁJé Qe@ler@tothess rrage
gets close'to 1.0. The "15 inflection point xO and the
peimaat Uy eenrarapp exi fasefdicbewk erodtines tgicreneliyby the
drawi ng a straight |ine between the | um nance val ue
eypppurmcs taie linithendmagal cepvies. PRreordipghdnckhe
val ues Ym n and Ymax ordinarily correspond to both

béagk- %ﬁ‘dT"ﬁéLtrﬁ sltea@#aﬁpaﬁacé+%n ot‘é%réﬁnq‘?@&rﬁﬂisﬁw ¢he has an

|
AFFF oA Tacery 3 ”a&&YZa OV?o%ﬁl & 2 g s-snaped
Ryl At iy, Q#%ﬁggj a threshold YTH -
appr opri at e prevent| g overcorrectlon is set for

t he RV lenéFafidh bRech ACK-HARA ¢habadtdrlstic uses

Bl ack-and-white | evel correction of
functions in Eguation 19 (refer to Fig. 25), in which an

inflection point x0 and a curvature rr are used as
parameters such that a luminance value Ymin of the black
ievel éf the image gets close to zero and a luminance value
Ymax of the white level of the.image gets close to 1.0. The
inflectibn-point %0 and the curvature rr approximate. a |
broken line given by drawing a straight line between the
iuminance value Yﬁin and the luminangé value Ymax. The
luminance values;Yﬁin and Ymax prdinarily corréspond to both
ends of the histogram and are determined from.the'luminanCe
signal value Y, which is a value appropriately extracted
from the wvalues in the cumulatlve hlstogram. However,_a
threshold YTH appropriate for preventing.overcorfection is

set for the level Ymin at the black side.

6-3-4-2 - Black-and-white level correction of
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descri bed above in 6-3-3, a correction effect

different fromthat of a category determ ned only from
the cunul ative histogram nust be achieved in the 7
"N ght scape"” 5 node. and the "Snowscape" node. Hence,
speci al processing is perforned to correct the

bl ack-and-white level in a user scene selection
corrector (refer to Fig..-13).-The information
concerning the "N ghtscape" node and the "Snowscape":
node is yielded fromthe information input with 10 the

nﬁu q%é "%refer tq,Flg 7) or fromthe header
o %lon 8RB file. The processing is
desGid Qﬁ%cr‘iﬁéh Wih 16 e/enee HocEikfecdfon Qaf%e‘&@ 1

VWiite correction of category N ghtscape"

dDEsd A AM QI tHhethbehk seaneyd s, (Eﬂsi:re&ﬁmﬁﬁéﬁz&(ill)byfrom the -
deviating to lower tones. It is often the case that

ctuhel atiet dgrsamgatnt neshi lghtsdeperdiasn tbe Biagtpiesape"
street. light having a relatively small area and

mppe| ek sthsbj ey shape hgnods ghéreriagn ﬁaﬁ@eaif@wssmg is
this case, as shown in the 20 hjstaogram of_the

| Pﬁ¥W§%p¥é’ GOTRRGE the b EaFk A & 1gyel piy et Usgie
d t th t
| I%%;%gﬁ %VIEI%%EF?EEggﬁth%%ieéi &ﬁ e#?gctqggﬁnot be

nggfrﬁé/@ldor?tco IE%J: hﬁ‘letﬁé d'eN:l, %%"amgﬁg hQI‘ijd

eterm ni ng t nance_ al'ue max 1 n norma

" Bhefke ANt Widee 185y COTHEE#:M the information input with
the GUI by the user (refer to Fig. 7) or from the header

information in the image file. The processing is described

‘next with reference to Fig. 13.

6-3-4-2-1 White correction of category "Nightscape”

The histogram of the nightscape is characterized by

deviating to lower tones. It is often the case that the

~ histogram of the nightscape has, for example, street light

having a relatively small area and includes objecté having

higher luminance values. = In this case, as shown in the

histogram of the nightscape in'Fig. 9, a certain number of

'pixels are distributed near the maximum value of the tone.

Accordingly, a sufficient correction effect cannot be
achievéd at the white side by using a method of determining
the luminance value Ymax in normal black-and-white

correction. -
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12 March 2007 27 1In order to performthe corrigcMarsh 2007
effective for such a high-lum nance area, the white '
correction level for the nightscape is set to a value
slightly smaller than the |um nance val ue Ymax set by
a normal nethod. This setting 5 shifts a |ight

emtter, for exanple, a high-lum nance area i ncluding
street light, toward the brighter area, thus
effectively enhanci ng the_l ym nance of the

hi gh-1 um nance area. Wthout the setting described
above, since the 10 [ um nance val ue detected fromthe

- tive hist is,. d d, th t of
cor rBRTHE G ondiRE DR Pl REREE L Al D67 AT DO i3 @

nBhL Bl PhEd Ll DRABMEA; L QO OA AR o 16Nt FAS uhe
wth the setting descri eﬁ above, since the value at
n‘E‘LEﬁtEEQIQQ!{E fat ween vheudetecdied J Wi-naeeetNah Uenand
the 15 white-value (1.0) is used as the white
lonihecte oM ley elma¥marr byt ai soposkinkithotio preventetthiong
amount of correction from becomng too large. In '
shddtsi anligiie adtkressiohi ehamhee, @ gigdbcipeinance area
originally has is not derogated. 20 6-3-4-2-2 Bl ack
ipglreeny oftuiete dighsr y tONRERt Shafuriobsercarede Hyhe of

GRRPFLUTLY (SUGBEAPH ERE SPPOLT™ Y hd PepPagh ranindnds’

agggrection itself by using the black Ievel Ymn
yrelded by a nornal nmethod, and the effect of the

bl acjs G rOrheCkiepih§V@l s tided SpRek, | Bdhspensabl e.
However, it - is _
luminance value detected from the cumulative histogram is
decreased,'the amocunt of correction to make the luminance
value close to the white wvalue (1,0)'becomes too large. In

contrast, with the sétting,described above, - since the value

at the midpoint between the detected luminance value and the

-white value (1.0) is used as the white correction level Ymax,

it is possible to prevent the amount of correction from
becoming too large. In addition, the darkhess_which the

nightscape'originally has is not derogated.

6-3-4~2-2 Black correctidn'of category "Nightscape"”
Since the tone of the nightscape is distributed in a

lower range, it is difficult to obtain the effect of the

black correction itself by using the black level Ymin

- yielded by_a_normal'method, and the effect of the black

correction level Ymin is not indispensable. However, it is
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shadow can be slightly increased due to the effect of
the anpbunt of correction at the white side. It is not
preferable to increase the tone of the shadowin a

wi der area, as in the nightscape, because 5 the

i ncreased tone enhances noise in the inmge capture
characteristics of current digital still caneras.

Hence, in order to surel y-spppress such enhancenent of
noi se in the nightscape and aggressively enhance the

. darkness of the nightscape, the black correction |evel

sgﬁggé%del@ﬂ.b Siel IeA80ebRe Ao Al iRk, EOANELNeL YA g, Y N

nor nar od to surely darken an "area,
1REVeAMkd Qmer tboBRS, ertdct her shadewouhit3of- Zofrditvidn at
correction of category "Snowscape 15 Since the pixels
thé evitiend atield .t oIhi ghefiot ghesfdrakiiee toshowseape,the tone
contrary to the nightscape, it is difficult to obtain
of heheffhactovofint RewiheT eaxad¥r 6t ilon thiet Beyht SRRy decause
it s supposed that the tone of the highlight can be
thechrasareduéors eRRaRFIRAIOISE fiRe taﬁoaﬁ?%fcapture |

correction.,at 2 e bl ack, sid he decreased t one
CB?IT?E?Wﬁﬁﬂﬂqsgﬂ% CF§§%TY§$% aﬁof ;nﬁ?% “¥hnat ur al

bIa S t d
STIIER SHCDzfe: A9 1L RoRREUIRLCY, Ay o
nGQ:Eé oot iR h@‘éﬁ'tscé(ﬁé naﬂas rds@13813PRRARAEA Ehev/al ue
bet ween the black |evel value Ymn yielded by a

dapkmeds et hoe aldhtﬁeaN@JUBm(&ﬂa@k correction level Ymin

is fixed to a value lower than the value Ymin yielded by a

normal method to surely darken an area, having lower tones,

in the shadow.

6~3-4-2-3 Black correction of category "Snowscape"

Since the pixels are deviated to higher tones in the

_snowecape, contrary to the nightscape, it is difficult to

obtaln the effect of the whlte correction 1tself However,

it is supposed that the tone of the highliight can be

" decreased due to the effect of the amount of correction at

the blaek side and the decreased tone of the highlight
results in, for example, unnatural blackﬁeee such as_a-stain'
or'e peeudo color in the highlight.

Hence, in the snOwscape, the black correction level
Ymin is set to an approprlate value between the black level

value len ylelded by a normal method and the value (0) of
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12 March 2007 29 black to inhibit the effect @fMatwh 2007
bl ack correction. Even when the contrast is enhanced
due to this black correction, the whiteness
characteristic of the snowscape is not derogated. 5
6-3-5 Tone correction paraneter selector 367 and tone
correction (bjects of the tone correction here is to

~relatively enhance the contrast of a range i.n which

the tone is 10 derogated nmiad y- because of
i nappropri ate exposure and to return any excess
ef fect of the black-and-white |l evel <correction to a
£8) PRLARDY B! fud Wefdd? 63 £AQIM1 A28 ke ddIGMN L 8ver
evel or ack | evel correction descri bed above. or
e, caRtiAYeriedtnithapedue Uty e shOWN ddk Eb8redfion,
is 15 applied to such tone correction. Functions in
Houathiiarn28s chefsrtdrdskiig. o25khe hawdbweddie iisnhbecti on -
poi nt' xO and the curvature rr as the paraneters, are
dpymgattedgenerate the inverted S-shaped curve.
Accordingly, the ROM 369 in Fig. 7 is provided wth,

20 for exanple, a table shown in Fig. 15 including the

ara e f the inflection point xO.and th -
gurvg?gfésrfgnéuﬁfﬁigFﬁ}gPiQﬁF eS8 -Eoker 567 and tong

Agseribed-below for all of the twelve categories. The
paraneter x0 has values in a range from0.4 to O.8.

The Qﬁﬁ@Bﬁée&fﬁﬂmh%%n¥aEH§§eéﬁiéh'H@@%eis to relaﬁively
enhance the contrast of a range in which the tone is
derogated mainly ﬁecause of-inappropiiate exposure and to
return any excess effect of the black-and-white lewvel
cqrrectioﬁ to a level appropriate for the category, éé in
the_white level ox biack level correction described above. -
For example, an inverted S-shaped curve-shown in Fig. 14 is -

applied to such tone correction. . Functions in EqUation 20

' {(refer to Fig. 25), having the inflection point x0 and the
~curvature rr as the parameters, are used to generate the

inverted S-shaped curve.

Accordingly, the ROM 369 in Fig. 7 is provided with,

.for example, a table shown in Fig. 15 including the

parameéters of the inflection point x0 and the curvature rr
and saturation parameters kc described below for all of the-
twelve categories.- The parameter x0 hés-valﬁes in a ranée
from 0.4 to 0.8. The parameter rr has values in a rangé

from 1.0 to 10.
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16, the tone correction paraneter selector 367

sel ects the correspondi ng paraneter based on the
category information on the imge output fromthe

i mage categorizer 355 with reference to the table in
Fig. 15. The 5 toné correction curve generator 357

- generates the inverted S-shaped curve for the tone

correction, as shown in Fi-g.3014, by using the
paraneters selected in the tone correction paraneter
sel-ector 367. Furthernore, the tone correction

" par apBt & owel 8Ll . 364, %QeC@@EErES%JéE%loBVEELEHeter

S-shaped curve for the’tone correction
sSlelkaped36ur y&l sy .thk2 ok 0k spbagkn@nshMMdtRr based on
correction, generated in the black-and-white-Ievel

ther cetegony cimfmerngarienabor tB66imége gangnat €ram the image
correction _translation table of the | um nance signa
cprgesizaned tont Us redereaeer tasthestabichdrcdigeci Pon The
translatlon table generated in the tone .correction

ﬁﬁ?aﬁﬁfa?cgje%c%"&rves@?n%at%n%%? 1IN HRgghgat BV BREed
tgﬁa{bgg] ngp Cee f%o&thoutconghg]aﬁpﬁee%t%ﬁrgﬂ Baf["s4fsrh%gﬁlgl¥gl&“ . 14,

O a Vva

b UEQHE?t e Wﬂett%QSvélaygch&tln Zl%;eG "t %%S:EE@E&QH _

correcfion I'n a YCC col or space, saturation
paaag@téfompecﬂaxdtilsa saturation ar ea to a
hi gh-saturation area can be
Furthermore, the tone correction parameter selector 367
combines the inverted S-shaped curve for the tone correction

with the S-shaped duxve (Fig. 12) for black-and-white

correction, generated in the black-and-white-level

- correction curve generator 356, to generate a correction

translation table of the luminance signal values.. The tone .
corrector 351 uses the correcfion translation table
generated in the tone correction parameter'selector 367 to
conﬁert the image data on the luminanée'read out from the
RAM 34 from a value Yin to a ﬁalue fout, as shown in Fig. 14,

and to output the converted value Yout.

6-3-6 Saturation correction

In a YCC color space, the saturation in a range from a

middle-saturation area to a high-saturation area can be N

- derogated when the tone.correction is performed for the

luminance signal channel as déscribed above; Accordingly, .
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der ogat ed when the tone. correction is perfornek March 2007
the 25 | um nance signal channel as descri bed above.
Accordingly, 12 March 2007 31 correction for keeping
the saturation is perforned, along wth the tone
correction. This saturation correction is perforned
for a chroma value C yielded fromthe col or
di fference data Cb and Cr. Basically, a gain
coefficient kc 5 of the caloy; difference data Cb and
Cr is controlled according to Equation 21 in Fig.. 25
to enhance the saturation Accordingly the ROM 369
s.PLov i ded  exanmpl e,

(5o BT NG, e SR G Phe e Forgred. along

ﬁ%%HfHHé'%Bhé 5§rgégﬁfﬂﬂ. theitwelye, QSQOCHS%ctEh is

par anmet er has values in a range

s hewa EBr Fi Ochiohma tiRQusabuyatbi 9k COFGE G HORo10r
par aneter selector 368 selects the corresponding

qidifarener HetdaSedmeh drhe Babegeryy,) N gjaiet icol r@nct Bet kc
i mge output 15 fromthe i nage categorizer 355 with
gleftéicenodor odifikentealsiee daitp  Fbgand 5Cr Tire cattuioaftliedn
correcti.on curve generator 358 enerates a correction
anghéwwtal%lzﬂd ipi B&gi n? Fip enb@ndgaskd on the
strahg l'ine according to Equation 21 by using the

?%ﬁ t&F:selected in the saturation correction 20

e PSSR, ey b I SRS, 2ROt i
ﬁ%&héﬁﬂﬁ§l§,Qﬁ|ﬂHbléaﬁhown in Fig. 15 including the gain
coefficients kc for all the twelve categories. The
parameter kc has values in a range from 1.0 to 2.0.

As shown in Flg 17, the saturation correction
parameter selector 368 selects thercorresponding parameter
kc based on the category inforﬁation on the image outpﬁt

from the image categorizer 355 with réference to the table

- in Fig. 15. The saturation correction curve generator 358

generates a correction curve; shown by a solid line in Fig.
18, based on the-sﬁraight line éccqrding‘to-Eqﬁation 21 by
using ﬁhe parameter selected in the saturation correction
parameter selector 368. |

In this‘case, in order to avoid coloring a.low~
saturation‘area having an almost achromatic color, an
appropriate threshold is set.for the correction curve‘in Fig.
18, and the S-shaped fuﬁctions.aécording td Equation 19 are

used to inhibit the saturatiqn.' An Hermite curve is used in
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appropriate threshold is set for the correcti onlXMawh 2007
in Fig. 18, and the S-shaped functions according to
Equation 19 are 25 used to inhibit the saturation. An
Hermite curve is used in 12 March 2007 32 a
hi gh-saturation area in order not to clip val ues
anplified in the saturation enhancenent. A correction
translation table of the saturation data Cb and C is
generated based on this saBfration correction curve.
5 The saturation corrector 352 uses the saturation
correction table generated in the saturation
aCif ﬁcgétg.&a gg‘ngﬁ %P&eﬁ%ﬂ RCRALBCLaiNEs amplified
saturation , read out fromthe RAM 34,
iANghd %Ml@ﬂldﬂh@nﬁ@ﬁ&@ﬁ&@ﬂ dat a:,orl@cﬁlén-rﬁﬂﬁnslatlon
‘correction and saturation correction by user
talecséf arhdA scaa:SEaltmomhdahat(tte argeCrsélsegeseaatdd/based on
correction node or a "picture" correction node by
thper s turn tive GUrreRshAN| XV g. 6 is described next.
15 As shown in Figs. 19 and 20, the bl ack-and-white
Ievéﬂ“’@@FP§€FF8ﬁ %9r{Eﬁ§&ft%ﬁ§ SSEﬁaBEﬁ LTV Pt e

tone correc -inv rte .S-shaped curve,

i,on
caﬁae?we%di 3 oshtedirlnbadin M et Pan ar see il
cRELL Q5diRdk bt N33 LBDEEEro S ik JirallBRbLLa I@End cr,
corre t|on In I'n these corrections, 20 the anount
r@idat hig: b agkapdrahi 2, | avel £ & PRt @RebyousEAEd IhRa.
S-shaped curve and the anmount of the saturation
correction by using the gain coeff|C|ent are

-fi ne-tuned
6-4 Tone correctiomn and saturatlpn correction by user

selection

A case in which the user selects a "TV" correction mode

or a "picture" correction mode by operating the GUI shown in

Fig. 6 is described next.

As shown in Figs. 1% and 20, the black-and-white level
correction by uéing the S—shaped_curve; the tone correction
by using the-inverted S-shaped durve,.and the saturatibn
enhancemént correction are performed in these modes, as in
the.automatic tone correction iﬁ 6—1; In these corrections,
the amount of the black-and- whlte level correctlon by usmng
the S-shaped curve and. the amount of the saturation
correction by using the gain coefficient are fine-tuned
based on the amount of correction in the.normal'autdmétic

correction.
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C Fi,
tEREvhOL T

based on the anount of correction in the nornall2 March 2007
automatic. correction. 25 12 March 2007 33 6-4-1

| mage quality control in "TV' node |nmmges on TV
screens (or images on CRT nonitors) generally have

hi gher average | um nance, higher contrast (a
sufficient black |evel and a sufficient white |evel),
and 5 higher saturation. Accordingly, in order to
obtain television-like imagaes-as a result of the

i mage quality control in the "TV' node, the
correction is perforned in consideration of these
charac I SIGS. c4-1- ack- ang+\Wj | eve
corr@c%?%n%%ﬁ§%bﬁégﬁ§YéveIﬁgg?ig%iigﬁ Y%béﬁhibited by
CONPBhddE drh@vbkaekegde i e deveh carrestigdrd)n the
"Automatic" node described in 6-3-4-1. Accordingly, a

.gbhaeklk§VEévéﬂﬁmthv bnerh@éslmmﬁhhﬂcb,saﬁgaecocdhtmp$t)(al‘

Equation 22 in. Fig. 25 using 15 the black level Ymn

sdéferihtnedelack Hevedr pafl ausehfidientcohisdet fevel BKiand

has a value in a range fromO0.7 to 1.0. A white level

h{ERRT TR PR A H Q nodecPEdsrel ve it ATHE™ 6° BBt on 23

. 26_using the white | evel Y determned..in
TLLR OMRORS £0r 7 cEEPOR: Vo v fad "a00 aPteL 1Y o

cggtisﬂszf%f&géﬂ B 18qd: O A L8E 4418 ‘l@;egéirf'gmed in
bed a

jescri ove is perforned, as 1In t he generation of-
cbReiBLagks §Ndsainiael eMELaS0LF £4EH QN

6~4-1-1 Black-and-white level correction
The black level correction is inhibited by comparing

the black—and¥white‘level correction in the "Automatic" mode

'described in 6-3-4-1. Accordingly, a black level YmianVﬁin

this mode is set according to Equation 22 in Fig. 25 using
the biack level Ymin determined in the normal automatic
correction. ' BKtv has a value in a range from 0.7 to 1.0. A
whife level Yméx_TV in this mode is set according to
Egquation 23 in Eig¥‘26 usipg the whiﬁe level Ymaﬁldetermined
in the ndrmél automatic correction. Wtv has a value in a
range from 0.8 fo 1.0.

After the proceééing described abové is pe:fprmgd, as
in ﬁhe generation_of the black-and-white level_correciioh-
curvé in the:“Aﬁtomatic" correction (Fig. 12), the
inflection point x0 andlthé cuﬁvature_rr of the S—shaped -

functibns (Equation 19), which approximate a broken line
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curve in the "Automatic" correction (Fig. 12), thigfarch 2007

-inflection point. xO and the curvature rr of the

S-shaped 25 functions (Equation 19), which approxi mate
a broken line ----------- 12 March 2007 34 given by
dramﬁng a straight line between the black |evel Ymn
TV and the white level Ymax TV, are calculated in an
S- shaped paraneter calculator (refer to Fig. 19). The
I mage having a hi gher averagg l.um nance and a 5 '
hi gher contrast is captured after the correction in
the manner descri bed above. 6-4-1-2 Tone correction

AR e bR I SR apb e g BupGE Tevel

wenenst adq baseghon tmeqatfﬁggrwedaféﬁfc%&%ﬁﬁaegdt)fntm S

image, the inverted S-shaped tTurve Is conbine

Sl pakanatenidoulltve! (gerEeCtd G gLUnYE  gener at ed

in 6-4-1-1, and the lumnance data Y- is corrected
baseﬁhenlm¢gﬁchavmegtaohlgheneaﬂékagesatmnngnéecmndIte
conbi nation.  6-4-1-3 Saturation correction The
Qﬂﬂhﬁﬁappﬁﬁr@§tfiﬁtQﬁﬂtueﬁﬁaﬁééﬁrithqlﬂ@ﬂrw&géoquéhitWE‘
control in the "TV' node, conpared with the correction
rled d9aChHPehekHegor i zed i nformation on.the imge
in the saturation correction in the "Automatic" node
described in 6-3-6. Accordlngly, a gain coefficient

ke TY30[_3P&one correction

As in the tone correction in the "Automatic" mode
describeq in 6—3—5, the inverted S-shaped curve is generated.
based on the categorized information on the image, the |

inverted S-shaped curve is combined with the black-and-white

- level correction curve generated in 6—4—1—1, and the
‘luminance data Y is corrected based on the correctien'curve'

'resnlting from the combinatiocn.

6*4-1~3 Saturation correction

The saturatlon is further enhanced in the image quallty‘
control in the "TV" mode, compared with the correction based.
on the categorized information on.the image in tne |
saturation correction in the "Antomatic“ mode described‘inr
6-3-6. Accordingly, a gain coefficient'kc_TV for ther-
saturation cetrection is calculated fron the gain o
ceefficient_kc set based_on the eategorized-information on.

the image, according to Equation 24 in Fig. 26. Gtv has a
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saturation correction is cal culated from the galMarch 2007
coefficient kc set based on the categorized '
i nformati on on 25 the imge, according to Equation 24
in Fig. 26. Gv has a 12 March 2007 35 value in a
range from1.0 to 1.2. The processing descri bed above
is perfornmed in a user selection corrector in the
saturation correction curve generator 358 in Fig. 20.
Then, the correction curve 35 5 generated in the sane
manner as in the generation of the saturation
correction curve in the "Automatic" node. 6-4-2 |Inmage
ality control Jin "@[Btgrei de Picture inmges

V%éﬁgré |y FAVE ni'gher "Contrast; but have 10 | ower

averpge Jianancg hbasribad Moddesi prIESrRBat e d Viser

screens.” Accordingly, in order to achieve

sk kBreanecartdditor iifRgaeqyathtycash adresdttoaf ctifee
correction in the "Picture" npde, the correction is

~gpeefatoed3bh Lorkigleldti ofihed, ttHeseomiemtdonerizsté cbs

15 6-4-2-1 Bl ack- and-whi t e | evel correction The bl ack

geepehted Hetdrisidd MANPRE 3AMD ddiméiengsataont pg the

bl ack-and-white | evel correction in the ﬂAHtongtic"

SAHHES T HRR cFOIPRF HLeT6 CHr N 110 ALRGh R UG CYnBR BT ¢ is

cal cul ated 20 according to Equation 25 in Fig. 26

using the white level Ymax deternmined in the

. BAgt oUpld ¢ "TrlTRRE quiPi £y NASh @ oRl1Ye npliBrarbaNgEad r om
Picture images generally have higher contrast, but have

lower average luminance than that of the images on the TV
screens. Accordingly, in order to achieve film-camera-like

image quality as a result of the correction in the "Picture”

- mode, the correction is performed in consideration of these

characteristics.

f~4~2~1 Black-and-white level correction

The black level is determined in the Same manner as in

'the,black—and—white level correction in the "Automatic" mode

described in 6—3—4F1. A‘white'level.Ymameic is calculated
according to Equation 25 in Fig. 26 using the white level
Ymax determined in the "Automatic" mode. Wpic has a_vélue
in é rénge‘from 0.8 to 1.0.

.After'the proceSSing déscribed above is performed, as
in the generation of tbé black—ahd—white level correction

curve in the "Automatic" correction (Fig. 12), the
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After the processing described above is perforngdVaggh 2007
in the generation of the black-and-white |evel
correction 25 curve in the "Automatic" correction

(Fig. 12), the 12 March 2007 36 inflection point xO
~and the curvature rr of the S-shaped functions

(Equation 19), which approximte a broken |ine - given
by drawi ng a straight |ine between the bl ack |evel
Ymn and the white |evel Yy Pic, are calculated in

- the S 5 shaped paraneter calculator (refer to Fig.

19). The image having a hi gher contrast and

| th ft t ur ed
‘_J%%%Bg R AL I

ﬁ%r RELLL lJﬁelgt)on%RE%r%gﬁf%rﬁéteo%r LOLUE i{‘n?/

sane marnner as e tone correction int
SALhResy i 4 f-rdiilng. 1:i8s % SAtltWeabil@Bk level
correc ion 15 The saturation correction is basically
e ahgedhe nwhie: 1sArE WRAAREPiAS aire tdi csabtiedt ionthe S—
correction described in 6- 4-1-3. The saturation is :

- shapeldle pagahabee dd irullagorndgefeyuad ikig.cd¥rol in the

"Picture"” node, conpared with the correction based on
t he Eb‘?eﬁ@?@%é‘tﬁ‘ﬁ%oﬁnﬁ%gw dwr%trr@ﬁtnﬁgéﬂ@lmha:trrﬂélg the

' t t t " Aut i
et p O Sed REBFAFRE P e dBor FecTamper

i- f e saturation correction is cal cul ated
4S%eQ1§ﬁe %%?$Q coefficient kc set based on the

categori zed information on
6-4-2~2 Tone correction

" The tone correction is performed in the same manner as

" in the tone correction in the "TV"™ mode described in 6—4f1—2.

6-4-2-3 Saturation correction

The saturation correction is basically performed in the
same manner as in the saturation correcﬁion described in 6-
4-1-3. 'The saturation is further enhanced in the image
guality control iﬁ the "Picﬁqref que,‘coﬁpared with the
correction based on the categorizgd information on the imége
in the saturation correction in the “Automatic" mode
described.in 6—3—6.7-ACCOrdingly, a gain coefficient kc_pic

for the saturation correction is calculated from the gain

- coefficient kc set'bésed on the categorized information on

the image, according to Eqﬁation 26'in Fig. 2&. Gpic has. a

value in a range from 1.0 to 1.2.
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the i mage, according to Equation 26 in Fig. 26.120darh 2007
has a 25 value in a range from1.0 to 1.2. 12 March
2007 37 The processing described above is perforned

in the user selection corrector in the saturation
correction curve generator 358 in Fig. 20. Then, the
correction curve is generated in the sanme manner as

in the generation of the 5 saturation correction curve .
in the "Automatic" node. -634-3 Tone control node by

user Wen the user selects the "Manual" in the GU
operation shown in Fig. 6, the user can control the

SO, nd OaBL O MG ol e N8 LUBES: {AﬂeﬂE user

contrast ow I n I rage, as shown In

s@@ecéléﬂs%érﬂgd¥5E @ﬁdtﬂ@|Egtu§¥éhnpQkﬁ%@EhQBnA§u§@@mn
in Fig. 6B, a black level Ymn User of the 15 inmage is-

geaEFeEb ety iwsiFag.t he. sl THen pathed &draectanhr ohkvégis
the contrast of the shadow. In this case, the black
gkeeebtedmm tbsesans mahuaraaédlmddwr@ngrﬁﬁlEquaflthﬁ
27 in Fig. 26 using the black Ievel Ymn in the
spLuERt Horl-wHinestiepe FurEsr fackhron Autamgs icAureqat i ¢
nmode described in 6-3-4-1. 20 BKuser has a value in
range fromO0.85 to 1.15. That is, the black |evel can

be cgr4g§t%%heb¥?g§£$g ¢Q$%§£}QI§Rgr 46, from 0. 85

(the” m i num contras e shadow) to 1.15 (the

MaxiyRun GeRt pask ofilbes Sﬂ?@O%addAﬂ"n%eHE@téUPfo&z%'ilon
A white level value Ymax User of the image is
sﬁ@ﬁﬁeﬁﬁeﬁhg. 6, the user can control the contrast of the
highlight in the image and the contrast of the shadow in the

image, as shown in Fig. 6B.

- 6-4-3-1 Black-and-white level corfection
As shown in Fig. 6B, a blackrlevel Ymin User of the
image is corrected by-usiﬁg the slide bar 46 for contfolling
the contrast of the shadow. In this case, the black level
Ymin;Usef is calculated according to Equétion 27_in Fig. 26
using the black level Ymin in the'black—and—white level
correcfion_in the "Automatic" mode described in 6-3-4-1.

BKuser_has a value in range from 0.85 to 1.15. That ‘is, the

black level can be cdrreCted, by using the slide bar 46,

from 0.85 (the minimum contrast of the shadow) to 1.15 (the
maximum contrast of the shadow) in increments of 0.05.
A white_level'valué Ymax;Usér of the image is cofrected

by_uéing.the siide bar 45 for controlling‘the_contrast;of_
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25 by, using the slide bar 45 for controlling thi March2007

contrast of 12 March 2007 38 the highlight. The

white | evel Ymax User is calculated according to

Equation 28 in Fig. 26 using the white level Ymax in

t he bl ack-and-white | evel correction in the

"Automatic" node described in 6-3-4-1. Wiser has a

value in 5 range fromO0.85 to 1.15 (however, when Ymax

User exceeds 1.0, Ymax Usegg=_1.0). That is, the

mhite | evel can be corrected, by using the slide bar
fromO0.85 (the ﬁHXIﬁUﬁ]COhtraSt of t he highlight)

'tfiﬁcﬁje T "R B A R (e Gese g  Het 1 Hbe

a%P glljli & mlﬁ;{a@ n ?ﬁ ih"eide Bengsa) Qﬂeo&hii‘eﬁ level

'evel correction curve in
YAt OB RS " 1GRIK-REHL-QRLEET BevdR)oortlae tibAf hﬁcth@n |
poi nt xO and the curvature rr of the S-shaped
"Auhohaohs" pkgisatdeerriBed i €&43-apir.oximete habrokerlue in
line 15.given by drawing a straight |ine between the

rbhaekftavd . 85yron 1U3er (hpdetdie whicre Yheyelsynesxddsats 1.0, |

are calculated in the S-shaped paraneter cal cul ator
Yppafésex g Hi-§) -19fhag- 4s3- ’Qhel'dﬁ‘elt@orlleéf@tll BAN 2k Wférrected:

SRS SELOSE ! ALY PR 4, %”%a@eﬂarﬁ;c%m&
h {.
B S A G

h@gRUN§hOf itrhe rkh-agknandowhp I | evel
After the prbcessing described above is performed, as
in the generation of the black-and-white level correction

curve in. the "Automatié" correction {Fig. 12), the

~inflection point x0 and the curvature rr of the S-shaped

functions (Equation 19}, which approximate a broken line

given by drawing a straight line between the black level

Ymin User and the white level Ymax User, are calculated in-

the S-shaped parameter calculator (refer to Fig. 19).

6-4-3~2 Tone correction
The  tone correction is performed in the same manner as

in the tone correction described in 6-4-1-2.

6-4-3-3 Saturationrcorrection
The amount of thefsatﬁrationrcorrection is determined

in accordance with the amouﬁt of the black-and—white level.
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---------- . ----- 12 March 2007 39 corr ect i BMarch 2007
calculated in 6-4-3-1. Accordingly, a gain _
coefficient kc_User for the saturation correction by
the wuser is calculated fromthe gain coefficient kc
.set based on the categorized information on the

i mage, according to 5 Equation 29 in Fig. 26. Quser
has a value in a range from 0.85 to 1.15. The val ue
of Quser is determned accorging to Equation 30 in
Fig. 26 using the values of BKuser and Wiwer, which
vary wth the control by the use of the slide bars 45

B R ahl T Se 1 T T ot hore i i oBedaig

HReeehchedtaRoVvesd:S RE! fRMed chPat N6, USBlre28bACL) Ofhe

corrector in The saturation correction curve

ugeneiat 0h130Batdd Hrdm 20 FHEA, cHHEE LAIIRCKI0Be € UBYSed on-

IS .generated in the same manner as in the generation

thk ph@€¢6rsz¢durnﬁqnmanapneohlbhe01magbﬂ rccheding to

"Automati c" node. 6-5 Monitoring of inage after tone

Egspréeni A in fir- A6 FGysen)haher ivedges ivopr sangsd frpm
manner s descri bed above are 20 converted into

Ossg fonbnt? neath %.V@&&Ps@?nGPﬁ%rquwnﬁﬁ agcording to

A T e ng b PP elB: C1, VAP AL BERRTF et drver
whtﬂ@hL@ry'sadfﬁg tl'ﬁi—;' %%%A%)é?%(g Elh@ Lllgga%%s ‘thghgllde bars 45

conversion in the Y conversi on processor 1s

: anargerﬁeﬂ B UiPNd gh® anABSkAédow in the black-and-white

level correction.

The processing described above is performéd in the user

.selection corrector in thé saturation correction curve

generator 358 in Fig. 20. Then, the correction curve is

.generated in the same manner as in the geﬁeration-of the

saturation correctien curve in the "Automatic” mode.

6—5 Monitoring of imagerafter tone correction {refer .

to Fig. 4)

| The.images corrected in the manners described above are
converted into 8-bit nonlinear signals in the RGB format in'.
a YcbCr/RGB conversion-processor 312 in the monitor display
p:ocessinglcircuit431; and are supplled to the LCD 32 and
displayedfas‘the-images. The conversion in the chCr/RGB
convérsidn"proceésor is performed according to a matrix

operation. in Equation 31 in Fig. 26. M3-1 is the inverse .
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25 operation in Equation 31 in Fig. 26 M3-1 i s ¥hearch 2007
i nverse 12 March 2007 40 matrix of the matrix used

in Equation 7. (7. Features of digital still canera

descri bed above) (1) Since the RAM 15, which stores

the imge data in the 5 scene-reference color space
format, that is, the 16-bit I|inear inmge data in the
scRGB format in the above description, is provided in
the digital still canera, the —user can control the

white bal ance of the image only with the digital

sti-ll canmera on site after the inage capture 10

m
a processi ng sof tware"™. rly, the user can
correct the tone and saturation of the image only
wth the digital still camera on site after the inage
(Gapkeaturdd dB)dikiern1ween1t heahdByidsere BRHULBEvEY

anot her digital still canera, copying the i mage data
(iln thecé| dsh REehdSy 2Biahl ewsres hehantimbgebdhaacen ofhe
the image to be controlled owing to the provision of
SFﬁé.emw?qlsenqaﬂf)cosmaﬁ Bapky, feveat wHdwtt Ae.i hhgel psbit

Wi t hout ~usi n ersqnal .copputer or, "image correction
aﬁ:agg gf the Qnaqzrgxf use% in F‘gblafs}onr% |7a.

- _captured by another 20 di%ital still canera, copying

MREAF nHERI UM 10t kBef PEBRE heRty 120 ThPI 8RVEhe t one
R IRt b RRgeT ) €t oF FEad “Fadsa BRCThe the
Skt £84 T CaleANAlYS §nQte! BEILIBYG MR §AELL 008§ cn
the digital still camera on site after the image capture
without using a personal computer or "image correction and
processing software". | | |

(2) Similarly, the user can correct the tone and saturation
of the imaée only with the digital still camera on sité_
after the image capture.

(3) Even when the image_ié captured by another digital‘still

camera, copying the image. data in the flash memory 20 allows

the white balance cf the_image to be controlled owing to the

.provisiqn of the RAM 15.

(4) Similarly, even when the image is captured by another

digital still camera, copyihg the image data in the flash

rmemory 20 allows the tone and saturation of the image to be

corrected.
(5) Since-thelcapturéd imége-is corrected based on the

statistiéal_aﬁalysis of the image when the tone and

'saturation.of‘the.image'is automatically corrected, the
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25 saturation of the image is automatically corrxdaest,2007
the - - --------- 12 March 2007 41 qualities of

various captured i mages can be inproved with higher

probability. (6) The correction curve generated by
conmbi ning the S-shaped function and the inverted
S-shaped function is used in the 5 tone correction, so
that the highlight of the i mage can be corrected
i ndependent of the shadow . ofaithe i mage to sone
extent. (7) Even a |l owend user who does not have
sufficient knowhow for correcting the tone or

AL T IS, BT RO, 1000, oI LY

rrect a

Aﬁﬁkﬁﬂggogggly§ mho has a certain anmount of knowhow
correcting he tone or saturation of the captured

i emagelec aBrratBoosi e Geheested NGy i AR iGighikt§éNershaped

taste with QU 15 operations. (9) Television-like

funegeésnoandli tie comerbed Be shapge sfuradcigmdiisgutsedt he the

preference of the user can be produced by the '

e €OEFBRATIPRN 29 riflad Gk bperhidloh{ e dmage hf(?eatris)l:‘e

VWhen the CCD |na%e sensor 11 includes three CCD i mage

f?éﬁé%&it?dcaw%% theh Frengbetew e prihtaripagsl be sSeHe
digital still canera descri bed above, the
nnsalc

A7) Even a low-end user who does not have sufficient knowhow

-for correctlng the tone or saturation of the captured image

can automatlcally correct a falled image with 51mple GUI

operations.

(8} Highwend user who has a certain amount of knowhow for
correcting the tone or saturation of the captured image can
also simply correct the image to his/her taste with GUI
operations. | |

(9) Television-like images or film-camera-like images

according to the preféerence of the user can be produced by .

. the correction with simple GUI operations.

{8. Others)

When the CCD-imege'eensor i1 includes_three CCD image
seneors corresponding to the three primary colors in the
digital stilllcamera'described above, fhe demosaic
processing circuit 12 ie net,necessary. The flash memory 20

may be a removable memory card such as a memory Sthk
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processing circuit 12 is not necessary. The fl ashMarch 2007
menory 20 25 may be a renovable nenory card, such as a
menory stick 12 March 2007 42 (registered
trademark). Furthernore, the inage data stored in the
flash nmenory 20 may be output to an external device,
such as a personal conputer or a printer, through a
USB or the like. 5 [List of Abbreviation Used in This
Description] AWB: Auto Wi t4e Bal ance CCD: Charge
Coupl ed Device CRT: Cathode Ray Tube DCF: Design rule
for Canera File Format 10 QU : G aphical User

i R I S
Re@ﬂe%lasﬁ/aﬁ@ﬁdkylﬁosﬁ% ergﬁ%ﬁw%éﬁp%x%@nﬁﬂl &&vice,

space TV: Tel evision Uni versal Serial Bus -
shinHuasr & apeAppldlc aloinput¥r 26r Ag ceF g ,t @htrBaghr 88 or -
i nvention, since the menory, which stores the imge .
“tHat Aike- t he scene-reference col or space format, is
provided in the digital still canmera, the user can

cont Fotst 1o RibPrevharier duid time Thﬁﬁgéeaﬁam‘fl@ra]n ‘
AWB: Auto White Balance

.CCD: Charge Coupled Device
CRT: Cathode Ray Tube
DCF: Design rule for Camera File Format
GUI: Graphiéal‘Usér Inteiféce
JPEG: Joint Photographic Experts Group
LCD: Liquid Crystal Display
;RAM: Random Access;Memory
ROM: Read Only Memory
scRGB: relative SCene RGB color space
TV: TeleVision

USBE_‘Universal'SErial Bus

Industrial Bpplicability "

' Accordlng to the present invention, since.the memory,
Wthh stores the 1mage data in the scene-reference color
space format is prov1ded in the digital still camera, thé
user can control the whité balance of the image and/or can
correqt-thertone and saﬁuratioﬁ bf the imagé, only Wifhlfhe_

digital still camera on site after the image capture. In
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correct the tone and saturation of the inage, dlMarch2007
wth the 25 digital still -camera on site after the

i mage capture. In 12 March 2007 43 addition, even

when the inmage is captured by another digital stil
canera, the white bal ance, tone, and saturation of the

i mge .can be corrected. Since the tone and saturation

is automatically 5 corrected based on the statistica
anal ysis of the imge, thesggqgualities of various
captured i mages can be inproved wth higher

proebability. The correction curve generated by
_..conbining the, S-s ed function and the inverted .. .
S8 E PRt e Tan P fiuadF 117 HhetiBst "By S ciggeen
sthal theed0 hinghlhgbt 9f1ihe | MRER, CaANADEERF 4L PDE the

i ndependent of the shadow of the inmage to sone
ie¥hentan Beercarkewegnd user who does not have

sufficient ~knowhow for correcting the tone or

sat Wiatdeorrtheahonaudmdred d inaddty ooo i s egtrt drimet itaid yor
saturation of a failed 15 image with sinple GU
coperatsdrimseyerhehaoreatsthigh- epdlyaser ohhichhasnage -

certain, anount. of knowhow for caorrecting the  tone or
thet aratiofsc&f YPEHOBDHr FRRYUGSe 1MREGE o Hpe/HErroved

taste. with GJ rations. Televisi.on-like imges,or
R e PIPPRET H hges Mo cBPaTRG 08 The priferacs oY

anera- | S aC er ence
: Q e ey i ]
Bl e, SRS MO P st fgerest bk

function is used in the tone correction, so that the
highlight of the image can be corrected independent of the
shadow of the image to some extent."‘

Even a low~end_use: who does not have sufficient
knowhow for correcting the tone or saturation can
automaticaliy-correct'the tone or saturation of a failed
image with sim?ie GUI operétions. Fufthermore, a high—end
user who has a certain amount of knowhow for correcting the
tone or saturation can also correct the_imagé to his/her
taste with GUI operatibns. Telévision—like images or film—i
camera-like images according to the preference of the user

can be produced by.the'co;rection with simple GUI operations.
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CLAIMS 1. Adigital 'still canera conprising: al2March2007
tenporary nmenory storing i nage data of an image for 5
whi ch tone correction is to be perforned in a scene-

-reference color ‘space format; a renovabl e recording

medi um storing the image. data of the inmage for which
the tone correction is to be perforned in the
scene-reference col or space format; and 10 a tone
correction circuit, wherein 4she image data is read out
fromthe tenporary mnmenory or the recording nmediumto
performthe tone correction for the readout inmge

data in the tone'correcticHLAI' rcuit, and the inmage

data resulting fromthe tone correction is recorded
in the recording medium 2. The digital still canera
according to Claiml, further conprising: a
‘Whi.t eabal gheel fauie 1t waink@aCctbapiisigg: fine-tuning a
whi t e bal ance of the inmge data, 20 wherein the inmage
dat a2 respouryf memotrlye st enpog aimagenelakay ofr ahhémage for
recording nmediumis supplied to the white- bal ance
YhilRE EORT MePereclian 6 ftonbet baefetedihint @ Isgeance,

the i e data resulting fromthe fine tuning is

and .

rPEEBPHEY T The RAGSoraFAg iedi um 25 3. The di gi tal
.Stll ééygyé%l%c%%Egkﬁgn&omé%fﬂﬁ“é%of&%gt% & }%a§§T§§¥a of
200 , T ‘

the image for which the tone correction is to be performed
in the scene-reference color space format; and

a tone correction circuit,

wherein the image data is read out from the temporary-

memory or the recording medium to perform the tone

-Cor:eCtion for the readout image data in the tone correction

éircuit, and thé_image data resulting from the tone
correction is recorded in the recording medium.

25 The digitél_still camera according to Claim 1, further
COmprising:

| a wﬁite—balanée fine tuning circuit for fine-tuning a -
white balance of fhe image data; - |

wherein the image data read out from the temporary

memory or the recording medium is-supplied to the white-

balance fine tuning circuit to fine-tune the white balance,
and the image data résUlting from the fine tuniﬁg is
recorded in the recording medium.

3. The digital still camera according  to Claim 2, further
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conprising: a display, wherein the imge data Iai¥pch 2007

fromthe white-balance fine tuning circuit is

supplied.to the display to display 5 the result of

the fine tuning in the white-balance fine tuning

circuit in the display. 4. The digital still canera

according to Claim 1, wherein the tone correction o

circuit has a plurality of selectable tone correction

characteristics and correctasthe 10 readout inmage

data with respect to one of the tone correction

characteristics. 5. The digital still canera according
Claim4, further conprising: a display; and 15 an

1o y
cgggfﬁ?%%%'unit of a GQJ for selecting one of the tone

corrgciiQn Gharacteristics, wherein the operation
state in"'thé operation unit is displayed. in the

di sphiadteits tHeeifhget@dtstdddpueameion aaeokEi fig-Bdance
Caim4, 20 wherein a statistical analysis is.

fpeef oumbeg forrceuitl o sapekiednponegrd dfspllheg teadioarlay
i mge data, and wherein one of the tone correction
thharaenll i af itdy fdnesbhetredincdyr divigerbat pecanbingi s
result to performthe, tone correction. 25 7. The
LHRYPY oF 15T CakBradageb?¥ing to Claim4, 12 March

2997 The digital still camera according_to Claim 1,

wherein the tone correctibn circuit has a plurality ofl-
églectabieltone correction characteristics and corrects the
readout image data with fespect to one of the tone
correctioﬁ'characteristics.
_.5. The digital still camera according to Claim 4, further
comprising:

a display; and

an operation unit of a GUI for selecting one of the

tone correction characteristics,

wherein the operation state in the operation unit is

.displayed_in the display.

6. The:digital still camera according to Claim'4;
whe:einra statistical analysis is performed for a
luminance component of the readout image data, and
wherein one of the tone correction characteristiés is
selected’accqrding to the ahalysis result to.perform the
tone correcti¢n. | | |

7. The digital still camera according to Claim 4,
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46 wherein the digital still canera has a 12 March 2007
characteristic in which an imge output to a display

or a printer has high average |um nance, high

contrast, and high saturation, as one of the tone
correction characteristics. 5 8. The digital still.
canera according to Caim4, wherein the digital

still canera has a characteristic in which an image
output to a display or a prister has high average

| um nance and hi gh contrast, as one of the tone
correction characteristics. 10 9. The digital stil

‘ CanEWEbe%H”H#e”Qi&thla@{ﬂfﬁ_céM@%%ehQstQecﬂgﬁﬂéﬁgristic

still canera has a characteristic 1in which the tone
iaf wvAishagwwrelgea chicghki gbta ofii ddieayt MAg@ pSinter has high
preferentially corrected, as one of the tone

averaget loninaglvay, abtighi sbntsasis ayl hilgdh dagutatici, lds
canera according to Claim1, wherein a conbination of
orfi &f sHpdePTuncrrsntant aheraehatisdd cs-shaped .
fgnction i S Hggf as ? tone correctjon characteristic.
1%: AR F&eti ofiPHRT A RE TS FRg L At steps

of : wl'lzetoresitno.rt.hggd%h%}_agael data of_an Lmge for, Wi gh tong. .
correction i'sto be perforied N a tenporary nenory
1ANGh fch I STOVARIL oLeEAE dLH0x MBIy B3 5SEeRRe L LTIILNE]H
col or space format; performng the tone correction
atreragdelinBgecdabad2hi §h oESe +db,n st @ABOL AT YhdTErgH/
or the recordi ng nedium and '

correction characteristics.

9. The digital still camera according to Claim‘4,
wherein the digital still camera has a characteristic
in which the tone of a shadow or a highlight of the image is
preferentially corrected, as one of the tone correction
characteristics. |
10. The digitai still camera according to.Claim 1,
wherein a coﬁbinationrof an S-shaped function and an

inverted S-shaped function is used as a tone correctiocn

characteristic.

11. 'An_image coﬁrecticn methcd ccmprising the_steps of:
storing image data of an image for which tone
correction is to be perfcrmed in a temporary mémcry and a
removable recording medium in a scene-reference colcr space
format; | |
perfcrming the tone correction for the image data

stored in the temporary memory or the :eCording_medium; and




12 March 2007 - 47 recording the inmage data 12 March 2007
resulting fromthe tone correction in the recording
medi um 12. The inmage correction nmethod according to
Caim1l, further conprising the steps of:
fine-tuning a white balance of the inmage data read out
from the tenporary nenory; and recordi ng the inage
data resulting fromthe fine tuning in the recording
medi um 13. The i mage corr~eati en net hod according to
Caim1l, wherein a plurality of tone correction
characteristics are provided, and wherein the readout
| RGeq I & HeS 1/95& &Edred r%&i‘tlr{ge%%ﬁttﬁé) tope of the
tone correction characteristics. The i mage

cormEmtient i mnheetrbadraimp nddiagmt O Cla|n113 wher ei n one
of the tone correction characteristics is selected by
dper aﬂl@g‘lﬂ@g&mrq%:timemewwb acopretnd dw Feahod 1,

£ cordln %%F wherein a statistical analysis

urg p%?%5' P f ﬁt?QﬁnQﬁance conponent of the readout
'fﬁgetgﬁf a%l%% }g@faﬁn:ezg97thé1’%ma%epg{:5 PAH %ﬁltt E?om
tone correctlon characteristics is ected accord

the ttenmpbeappaly®irs;resalt to performthe tone

correction.

recording the image data resulting from the fine tuning in
the recording medium.

13.. The image correction method according to Claim 11,

wherein a plurality of tone correction characteristics are
provided, and

wherein the readout image data is corrected with
respect to one of the tone correction characteristics.

14. The image correction method according to Claim 13,
wherein one of the tone correction characteristics 1s selected
by operating a GUI.

15. The image correction method according to Claim 13,

wherein a statistical analysis is performed for a luminance.

‘compeonent of the ieadout image data, and
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16. The image correction nmethod accordi ng to C k3 Maih,2007
5 wherein the image correction nethod has a
characteristic in which an i mage output to a display
or a printer has high average |um nance, high
contrast, and high saturation, as one of the tone
correction characteristics. 17. The inage correction
‘met hod according to Caim13, 10 wherein the imge

“‘correction nmethod has a ehagacteristic in which an-

i mage output to a display or a printer has high
average | um nance and high contrast, as one of the

- ton Sl L d & td.n%n ogh @EQC{ chlfé Sctdrcf_%at;t?)rﬁ] %ggrégﬁs eti cs is

correction nethod according to rern
skhectaageceoFd 8L o tABt hRgh NaSs & LNA 26t BEEBLLE
whi ch the tone of a shadow or a highlight “of the
tomageotrseptfrer ential ly corrected, as one of the tone
correction characteristics. 19. The inmage correction
meéfhodThe coratiengorgeCk apm ndtho@ Gaoglverdéng g0 Claim 13,
conbi nation of an S-shaped function and an inverted
S- s uAde dRePe cRieEdsdor mekBodobacai on

gharacterisiic. . . - .
characteristic in which an image output to a display or a

printer has high average luminance, high contrast, and high
saturation, as one of the tone correction characteristics.
17. The image correction method according to Claim 13,

~wherein the image correction method has a

characteristic in which an image output to a display or a

printer has high average luminance and high contrast, as one
of the tone correction characteristics.
18. The image corxection method actording to Claim 13,
whefein the image correction method has a
characteristic in which the tone of a shadow.or a highlight
of the image is preferentiélly correcfed, as one éf thé tone
correqtiéﬁ charactéristics. | | |
,19; Thg_image correction metﬁod,aécording to Claim 11,
wherein a combination of an S-shaped function and an
inverted S-shaped funétion is used as a tone correction 

characteristic.




