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- 1 DESCRIPTION DI G TAL STILL CAMERA AND | MAGE

. CORRECTI ON METHOD Technical Field 5 The present
invention relates to a digital still camera and an.
i mage correction method. Background Art As seen from
the fact that the total volunme of shipnments of
digital still caneras exceeds that of film 10 caneras,
the digital still cameras have increasingly been in
wi despread use. Along this popul arization, various
| evel's of users, from highiend users to | ow end
users, use the digital still cameras and, therefore,
the application of the digital still caneras, the _
required level of the ipmageritbrquality, the preference
in the inmage quality, and so on have becone
di verBIGIAl, SEGLLeLAWPRE AN diMRGRh CORBRET U METHOM
caneras and are famliar with the inage quality of
the filmcaneras tend to prefer "filmcanera-Iike"

' the users conpare 20 images captured by
reTa e SR

caneras with pictures taken by film

93”%%5%{39(9&1%%{% i HSELFL YOO ésacg & | & 5 %&egtiifg&ameera

I mages m caneras or ures an

afl@Mld 113k EOCBPEeétE@&? 4@ty on TV scr eenS tend to
pref er teIeV|S|on-I|ke i mage qualities when the

BatSerwe@npace 25 i mages on TV screens with i nmages
captured by digital still caneras.

As seen from the fact that the total volume of
shipments'ofldigital stlll cameras exceeds that of film
cameras, the digital still cameras have increésingly been in
widespread use. Along this popularization, various levels
of users, from high-end users to low-end users, use the
digital still cameras and, therefore, the application of the
digital still cameras, the required level of the image
quality, the preference in the image gquality, and so on have
become diversified.

For example, users who have used film cameras and are

familiar with the image quality of the film cameras tend to

prefer "film-camera~like™ images when the users compare

_images captured by digital still cameras with pictures taken

by film cameras. In contrast, users who are alienated from
images taken by film cameras or still pictures and are
familiar to the image quality on TV screens tend to prefer
"television-like"™ image gqualities when the users compare

images on TV screens with images captured by digital still




10

15

20

25"

Hence, the manufacturers of the digital still caneras
are devising imges for every canera type and are
devel oping the image qualities with which assuned
target users seemto 5 be satisfied. As described
above, as the user group of digital still caneras
becomes | arge, the preference in the image qualities
is diversified. It is considerably difficult in the
current state to realize the inmage qualities
satisfying the 10 preferencés—of the users in one
digital still canera. This is because color inages
captured by digital still cameras are subjected to
caB=zantrol (automatic white bal ance control), tone
correction, saturation correction, and so on based on
t he Henoehovheimapfacduaaech of tiwe dimidfedcsbiél scafiedds
the digital still caneras and, then, are recorded in
axg £4Y1isdpfoireges AdoEveTye Gﬁﬁpran*fym tndper i geveloping

enerall ed, as a f or mat en e data
ea&ﬁ&e@d o PR o oD “AFUBHE T (opadascento
|.Gh Jr§.8 standard color space, is 20 adopted in such
rnat fn the sRGB col or space, tone

Chaﬁa@%@é&ﬂb&? Movell 5 charaed £1d,dC o £l 891;&'%.’095@111
color gamut (a col or reproduction range) of

cdﬁﬁﬁdbOBQCGﬁespﬁ&ﬁﬁﬂahh@O@ﬁéfefén@éeuﬂ&ﬁkﬂeﬁ@gbnqualltles
addi ti on, JPE&000, which is adopted in the DCF and

isliwereh fisdan ExtiensicosiderdPEG doffimtultand tbkocurrent
spaces that - 3 can widely cover the col or

St SPUEBROAZ? aiftfe iMAdCevedibyes satisfying the

preferences of the users in one digital still camera. This
is because color images captured by digital still cameras
are subjected to AWB control (auvtomatic white balance
éontrol), tone correction, saturation coirection, and-so on
based on the knowhow unique 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 MEMOTY -
An sRGB color space, which is a standard color space, isr
adopted in such a format. In the sRGB color space, tone
characteristics or color characteristics including a c¢olor
gamut {a color reproduction range) of the CRT monitors of
personal computers are defined.

In addition, JPEG2000, which is adopted in the DCF and

which is an extension of JPEG format, and color spaces that




10

15

20

25

human bei ngs are conS|dered as i mage fornats Anong
these formats or col or spaces, an scRGB col or space
(scene reference col or space) in which the amount of
light of a 5 real scene can be stored as |inear data,
and/or a color space (output-reference col or space),
for exanple, an extended sRGB col or space, in which
the color of data is corrected so as to be
appropriate for a destination or a display device,
have been international |l y-sBandardi zed. 10 However,
whi chever inmage format is selected, since captured
col or inmages are recorded and stored in a flash

cd¥e ilde 185 cavetr Nphe ¢dmge derbitct IGgerdrfdile reeipbd apy
with the DCF, the images satisfying all the inmge

heperl idsiegs pegqueemsii daradarisotnags ef srngsrmot Agengt bhesk
15 There is another problemin that a captured inage

| f%@&rﬁe@facgéoéaw%esfauare@cﬁﬁﬁgéob% RPN (SCEBR—I n

g T e S S AR
- §51 0ALEI QL Do, PGP AT e gy e 0@/%% hecguse of

I ' mage capture g natura node
s;geld@r(%%‘%ﬁm: Léﬁ@fené’@v&\i%rr’ sﬁhesﬁ dfc% te@!amﬁl@aggndat a
Is captured in digital still caneras, unliKke f he

ett@ges takBncdyof i dpagmanhashithefies 18 e meaadaf 0f
nodi fication after the i nage capture. Counternmeasures

cagaatsd BheaabbwebgwaﬂﬁnamxianelﬂdE @& R metElhddnobr a
utilizing comercially available "inmage correction - 4

digRd 37 GEFESE nghaYH thRgTe intRraa pbrrdNal temegrdizeds a

user . .
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 problem in that a captured image
becomes a so-called failed image due to an error in setting
the basic conditions in the image capture. For example, the
color balance of an image can be derogated or the image can
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 prpblems include a

method of utilizing commercially available "image correction
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owns not only a digital still canera but also a
personal conputer, inmages captured by the digital
still canera can be corrected by using such software
to produce appropriate 5 i nages. However, the inmage
data which a user can use in the correction is
actually data subjected to JPEG conpression or the
like in the digital still camera. Since the anount of
information in.the image data is smaller than that of
an 10 actual scene, the imade cannot necessarily be
corrected to the inage quality with which the user,
particularly, a high- end user, is satisfied. It is
ad ffdcidsts ihar saptwar@uhiresoperkonal | eynenetusernf kouser
correct the quality of a captured inmage to the image

- owrss quedl iomy v er dipi el Ird/idHe chasra pref@zFmEnce peysthel

use of the correction and roceSS|n sof t war e.

CRBRBH PPl FORERERT e @oﬁﬁé%é@gli’rvldvaialm%ﬁecan be
corr n and roc sof twar e

SRGEd B BByl PR hatPet P bR RSP s

N 4gg_a user who has no know edge of the imge 20
correction can sinply correct the inmage. However,
undebybher, CE efade0Rdichi QRS tHe,Lor reet i,eR @ﬁfﬁ?é
can be varied depending on the content of the iInmage

cantbctiber ésonetual l fesiteGubiageequad | IBEC a0RQesbi &N or
be achieved. Furthernore, there is a problem of

tigt dridge innthecdigeral s25 1dREBméDa MatSorce thREEGYATL of
format conpliant with the current - 5 sSRGB format in

- infpgmediractrohhaf a9 e tend§eseapt ef ethags that of an

actual scene, the image cannot necessarily be corrected to
the image quality with which the user, particularly, a high-
end user, 1is satisfied.

It is difficult for and troublesome to a low-end user
to correct the quality of a captured image to the image
quality for which he/she has a preference by the use of the

correction and processing software. Accordingly, almost all

the  commercially available correction and processing

software has an "image-quality automatic correction
function™, and even a user who has no knowledge of the image
correction can.simply correct the image. However, under the
current conditions, the correction effect can be wvaried
depending on the content of the image and, therefore, a
desired image guality cannot often be achieved.

Furthermore, there is a problem of storage in a current

. SRGB format or a JPEG-YCC format compliant with the current:




10

15

20

25

for the nethod of storing the inage in a
scene-reference color space format, such as an scRGB
col or space or an scYCC color space, a solution is
proposed in, for exanple, 5 Japanese Unexam ned Patent
Application Publication No. 2001- 343753. However,
there is currently no i mage correction software
accommopdated to the image in the scene-reference

color space format. In order to resolve the probl ens
described above, the 10 présent invention provides an
i mge correction nmethod in which a user can correct a
captured imge to an appropriate or desired i mage and

sREB cloreat bhe peefosredtimnaadicgi-t ahe Biddd cepreta. 1Bs
Di scl osure of Invention The present invention

fpr ged @ thpdr obxahptiang dh¢i gk ist# | $cagmmaederence
including a nmenory that stores the imge data of an
SRR STRGE WRIFERT t oHEETE Gy @&t FSHGESC?J@O%éF}ﬁ?@f 6Fned FRYCC

st andar.d co of ace fornat and. ne corr ction
PR 205 TRE FEde ‘Fafd oPSSF Balinbut (oG
JrE»’AF%Ts)é aRd kB eéoﬁhecencag%%%bgﬂlbﬁ ﬁ‘ﬁ{afl%f{% % th8o1-

eadout |1 hmage data In tone correction circu

3Rt higguLEUCT th&re tiRe JuiRga Ll § ﬁ@r{n%ee@otrgeaﬁlon

i mage desirable to a user in the digital still canera.
s rware aBebshodessd it ithie ahatjbeibreivé Ngerk-Geféresca
schemati c di agram show ng an enbodi nent of
color space format.
In order to resolve the problems described above, the
present invention provides an image correction method 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

The present invention provides, for example, a digital
still camera including a memory that stores the image data
of an image for which tone correction is to be perfcormed in
a standard color space format and a tone correction circuit.
The image data is read out from the memory, and the tone
correction is performed for the readout image data in the
tone correction circuit.

With this structure, the image is corrected to an image

desirable to a user in the digital still camera.
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a capturing systemaccording to the present invention.
Fig. 2 is a schematic diagram show ng an enbodi nent of
5 a nonitoring systemaccording to the present
invention. Fig. 3 is a schematic diagram show ng an
enbodi nent .of a main part in the nonitoring system
Fig. 4 is a schematic diagram show ng an enbodi nent of
a main part in the nonitoring system 10 Fig. 5

i ncludes diagramnms illustrating exanples of GU
operations in the monitorin§ system Fig. 6 includes
diagranms illustrating exanples of other GU

operations in the nonitoring system Fig. 7 is a _
Bisichie (Matsice i g agn ant sttewilgwangenbodi nent of 15 a nmain
part in the nonitoring system Fig. 8 is a graph
shoWidg & thar scthamadticc dépgnamesrewipey &n gubpdiment of
nonitoring system Fig. 9 illustrates categories into
2 \FRR A&t BYeHe™ | FfEst A% tRatBeoPTRANT 20 VERG1CR0
il I%stragefsqg §3 or%&hn1of a nainvpart in %Fe . £
moni £97 | Agt SyBtEmErgS TP PRsTIRPEY 2BnSEPEH T hm ©
i:0 P i itari Ei is a
g F R A e L R Rt R T S
the pAGNI $ 01 & NY YR o dT agFhl- sHAGIHRC LHdesL8E BRNSE of
showi ng characteristics of a main part in the
a maiirt @uirngisyshemonitoring 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
operations in the meonitoring system.

Fig. 6 includes diagrams illustrating examples of other

GUI operations in the monitoring system.

Fig. 7 is a schematic diagram showing an embodiment of
a main part in the monitoring system.

Fig. 8 is a graph showing a characteristic of a main
part in the menitoring system.

Fig. 9 illustrates categories into which captured
images are categorized.

Fig. 10 illustrates an algorithm of a main part in the
monitoring system.

Fig. 11 illustrates an algorithm of a main part in the
monitoring system.

Fig. 12 is a graph showing.a characteristic of the main

part in the monitoring system.
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Fig. 14 is a graph showi ng characteristics of a main

- part in the nonitoring system 5 Fig. 15 is a table
showi ng paraneters, provided in the nonitoring
system Fig. 16 illustrates an algorithmof main parts
inthe nonitoring system Fig. 17 illustrates an
algorithmof nmain parts in the 10 nonitoring system
Fig. 18 is a graph showi ng characteristics of a nain

part in the nonitoring system Fig. 19 illustrates an
al gorithmof main parts in he nonitoring system 15
Fig. 20 illustrates an algorithmof main parts in the

nmonitoring system Fig. 21 includes mathematica
expregsi bBsinchides 22 aphel vHesimptdieraidteali stics of a
expressions. - Fig. 23 includes mathematica
masp re i énsthQOm¢m§ﬁOE@nqlﬂﬂsmd@s mat hemat i cal
~expressions. Fig. 25 includes mathemati cal
expfédsi bfists EFleaPi’G shR¥E e eSh ¥k HeEdsitdgs of a main

iépres Lons. Best. Mbde for Carrying Qut the Invention
€1m°§#2ﬁ%&n?w%%ﬁa%5 ng in Inage Capture) Fig. 1

Sho%gl gi ta q:la\%f Ig%o'wgﬁg %&?& g tO t }f%(f?%d {hathe

canera a e presen
monitoring system.

Fig. 16 illustrates an algorithm of main parts in the
monitoring system.

Fig. 17 illustrates an algprithm of main parts in the
monitering system.

Fig. 18 is a graph showing characteristics of a main

"part in the monitoring system.

Fig. 19 illustrates an algorithm of main parts in the
monitoring system.

Fig. 20 illustrates an algorithm of main parts in the
monitoring system.

Fig. 21 includes mathematical expressions.

Fig. 22 includes mathematical expressions.

Fig. 23 includes mathematical expressions.

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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i nvention. Specifically, an inmage of an object OBJ is
5 projected on a CCD i nage sensor 11 through an
imaging lens |INS. Sixteen-bit linear inmage data R1,
Gl, and Bl corresponding to three primary colors is
extracted fromthe CCD i mage sensor 11. The extracted
I mage data R1, Gl, and Bl is supplied to a denpsaic
processing circuit 12 to be 10 denpsai ced into inmage
data for every pixel. The |nage data is then subjected
to AVB processing in an AVBE processing circuit 13 to
provide inmage data R 2, G 2, and B 2. The imge data
R2 G2, and B 2 is supplied to an scRGB data
(@eﬁﬁmm@ﬂn@robeSﬂimglihtﬂmq@eoabﬂEuié}bit linear 15
e data RscRGB, GscRGB, and BscRGB in an scRGB
for g, anthewe am@@H@&@aORsémmmm@Btumangw@t
,|s t%ggprarll%% stored in a RAM 15, The stored |nage
cREBI b C %réséﬁ@r%n%u‘ﬁblﬁhe?d PrGSgn
orr oL be sub ect d ama
SATTR 7O Eg&%?fl&f | 51 émgﬁ? 3, cec g% 98

correctlon e elg taR

pf%jéﬂﬁédBoBOE t66 Iﬁgégaé@NSQESllTb§r6ﬂ£QQHQQH%g18g Gens

and Bis witten in nhonvolatile nenory neans,
Lexangligteanfbashl iy im2Ge BhtouURh, a1 eagder 'B\Ml ter 19
and .is stored in the flash nenory 20. The fl ash
comrasppn2@ng stor eémpaaldmnbrgnmebhersli 15 teadtrstdtleld caomr ehe
25 Alternatively, the image data R, G and B is
C%ﬁ-ﬁlaigédsﬁflé‘mftﬁ% gdifta cEbirreted oimade clitta R8,t 6la and
mat ri x cilculatlng circuit 17 to, be converted into

BJI ri‘é?géuﬁﬁ 3efntq a«&?ﬂfoow&t Proepsfing chiimhifadetaaba v
lqr.dij fference f blue and re
sag.% 8 1 JC?a IV:I %b an Oér ev%r%}_lpjt>%eo_l_ Tlllle J.mage gata

image da
is then subjected to AWB processing in an AWB processing

~ circuit 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 provide 16-bit linear
image data RscRGB, GscRGB, and BscRGB in an scRGB format,
and the image data RscRGB, GscRGB, and BscRGE is temporarily
stored in a RAM 15. The stored image data RscRGB, GscRGB,
and BscRGB is supplied to a gamma correction circuit 16 to
be subjected to gamma corréction and to provide eight-bit
image data R, G, and B for the three colors. The image data
R, G, and B is written in nonvolatile memory means, for
éxample, a flash memory 20, through a reader-writer 19 and
is stored in the flash memory 20. The flash memory 20 is
removable from the digital still camera.

Alternatively, the image data R, G, and B is supplied
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5in the flash nenory 20 through the reader-witer 19
and is stored in the flash nenory 20. The i nmage data
R, G and B or the imge data Y, Cb, and C is stored
in the flash menory 20 in order to establish the
conpatibility with a known digital still canera or 10
"image correction and processing software". According
to the present invention, the image data is further
processed in the follow ng manner. The i mage data
RscRGB, GscRGB, and BscRGB $tored in the RAM 15, that
is, the 16-bit linear image data, is witten in 15
the flash nmenory 20 through the reader-witer 19

fwort Howt gamya podiécchdn arirandti $6storedndtritheasfibashting

menory 20. Alternatively, the inmage data RscRGS,
CIGEEREB 1 7aft@ PBseREB IS uppli édage amtsclyC@ JERGBormat,
converting circuit 18 to be converted into 12-bit

hnitiSme dMRERES 0B Vs @PECeo2or CBsERRXSnGmAatasEvoend
i YCC .f t....The i t Y ChscYCC

oA PR Gl ST SRR R 2, JECYR SBSEYPE e

id hed eadeh- wehbey 49 &ﬁ%u'ggs%grf&'aa&lmtura% and is

menory 20. The signal pro sing In inmage capture Is

stRdORREENENF]1 25h tRGJBNRer, described above. - 10 (2.
Exanpl e of scR@-format | mage Data Generating Circuit)

I n The $oREB dEta Rjeder ahdng «t ridid tinkdie theai WAQYED, and
data R 2, G2, and B'2, which is subjected to the AVB
Crgrsr 6drired, insthe Taplemeadriyn2® imeordeibito lesmehtish
I mage dat a, RSCRGB, . .
the cOompatibility with a known digital 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 data RscRGB, GscRGB, and BscRGRBR stored in the
RAM 15, that is, the 16-bit linear image data, is written in
the flash memory 20 through the reader-writer 19 without any
modification and is stored in the flash memory 20.
Alternatively, the image data RscRGB, GscRGB, and
BscRGB is supplied to an scYCC/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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GscRGB, and BscRGB in the scRGB format. This

conversion is realized in, for exanple, the follow ng

process. (1) First, a white level (100% white |evel)

of a scene is determ ned. For exanple, imge data
Xraw, Yraw, and Xraw is 10 calculated fromthe inmage
~data R 2, G2, and B12, which is subjected to the AWB

correction, for every pixel according to Equation 1

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

data Yraw for all the pixet® in the inage or for a

pi xel appropriately 15 sanpled is cal culated, and the
white level is set to a value, for exanple, five
times |arger than the average Yraw ave. (2) The i mage

data Xraw, Yraw, and Xraw for every pixel is
(%orﬁﬁﬂmﬂ2@ﬁiQicé@R@Bn@PIMﬁiEGMWﬂqeoﬁazalﬁeﬂQEPtxng Yagedibh
the_white level set in (1) to calculate normalized

i madé &QﬁaSCQ@Bﬁ% WererahiRl ahicYWriavih. tps) ipgge data

R SHhowy, uati,on 3. e no nall i ma

R AT B e SRt SRR EE A £0 B ceffeﬁﬁmnr

r [ [

l%?%%f%at e‘% Wkl Lhe I ek Emﬁé%a?%ﬂfa SR
GRIREH,. a0 634.):R§BXi@%é"&l&’ldBn%@&mhgageI‘kgf”st & ReRBon is

GBCRGB and BscRGB - in the scR@& format for every
rem Xeded &ngeﬁeraéﬁﬁhﬁldﬂnﬂﬂhefoﬂﬂﬁgEn@aﬁfb&§é£ G 3, and

B'3 calculated in (3), according to Equation 4 in

(Fi Firzt, Si mbétehkeveingd (@4t ahREeREBye0sGRGB, sarde is

BscRGB is desired image data in the scRG format, the

'd??ﬁﬁﬂ%qﬁﬁta For example,” image data Xraw, Yraw, and Xraw is

calculated from the image data R'2, G'2, 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 of the image data Yraw for
all the pixels in the image or for a pixel appropriately
sampled is calculated, and the white level is set to a value,
for example, five times larger than the average 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 normalized image

data Xraw n, Yraw n, and Xraw n calculated in (2) is

integrated with the inverse matrix of a matrix Ml to
calculate image data R'3, G'3, and B'3 for every pixel.

(4) Sixteen-bit linear image data RscRGB, GscRGB, and BscRGB
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RscRGB, GscRGB, and BscRGB 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 In the scYCC scRGB converting circuit 18, the inmage
data RscRGB, GscRGB, and BscRGB in the scRGB format is
converted into the image data in the scYCC fornat.
This conversion is realized by, for exanple, the
follow ng process. 15 (1) Nonlinear inmage data
R scRGB, G scRGB, and B'stREBin the scRGB format is
calculated fromthe 16-bit linear imge data RscRGB
GscRGEB, and BscRGB in the scRG format according to
ifcotied | R ifbrkbay. @1 and-yEguakilons 6gémefd L Zrom( 2he
The nonl i near |nage data R scRGB, G scRGB, and B scRGB
ippge rdatise REGRAB Borand B'S cedeedeeddi i ol 3he daregding to
data YscYCC,  ChscYCC, and CrscYCC in the scYCC format
Eqotl g iPoFigquations 7 and 8 in Fig. 22. Since the

| TagaTdA B d%%% ForARt . CTHER i @Sagpﬁélééfﬁ
d%§%§%§“1ggé é%géhrou eg%%g 5§£§;|§h Ea%g

RSB RBRe8sShng ngﬂ\eﬁrnlts%bae oft CRRLAIraL: lsra%g) data
-Fi g. '2 shows an exanple in which the present invention

géndrsatappl cedctbt al€idaraliils fsebrear fectihdgRzEM qant ur ed
i mge. Specifically, the inmge data RscRGB, GscRGB,
and BscRGB in the scRG format is read out fromthe

flash nmenory 20
(3. Example of scYCC/scRGB Converting Circuit 18)

In the scYCC/scRGB converting circuit 18, the image
data RscRGB, GscRGB, and BscRGB in the scRGB format is

converted into the image data in the scYCC 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 BscRGR in the scRGB format
according to Equation 5 in Fig. 21 and Equation 6 in Fig. 22.
{2) The nonlinear image data R'scRGB, G'scRGB, and B'scRGB
in the scRGB format is converted into the image data ¥YscYCC,
CbscYCC, and CrscYCC in the scYCC format according to
Eguations 7 and 8 in Fig. 22.

Since the image data YseYCC, CbscYCC, and CrscYCC is
desired image data in the scYCC format, the image data

Y¥YscYCC, CbscYCC, and CrscYCC is stored in the flash memory
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t hrough the reader-witer 19, and the readout inmage
data RscRGB to BscRGB is witten in the RAM 15.
Alternatively, 10 the inmage data YscYCC, CbscYCC, and
CrscYCCin the scYCC .format is read out fromthe
flash nmenory 20 through the reader-witer 19. The
I mage data YscYCC, CbscYCC, and CrscYCC is supplied
to the scYCC/ scRGB converting circuit 18 to be
converted into the image data RscRGB, GscRGEB, and 15
"BscRG&B in the scRGB format.12The i mage data RscRGB,
GscRGB, and BscRGB is witten in the RAM 15. The
i mmge data RscRGEB, GscRGB, and BscRGB witten in the
2 RAM rbughs tadpPpti@shk tix iacedi gpl.ay, for exanple, an LCD
32, through a nonitor display processing circuit 31
and is .20 displayed as a color image. The white

bal ance of the image data stored in the flash nmenory
(20 Hapalelroant dird i CaMopitentnsl pEdCaytutes Amsge)

proceSS|Eg circuit 13 | the i pture. In.th
B the

exafipPe 2i PRy 22 extaﬂlé’ Frife” PRSP fﬂ‘ée%&\ﬂ’n
1505 . AVB fi t
T Xt PR el

Sﬁgéﬂgf%%QlentBQ Héa%:ﬁ%téT%%cRGEﬁeG§%ﬁé§ R%%%G%scRGB in

RGB, BscREB witten I n M 15 s converted
tltéltstthdEe fagzmbtt inordddear: irragetHat g1 as¥s eéicryChsc YCC,
and CrscYCC in the scYCC format in the 5 scYCC/ scR@E
tloomggr tthegreadetiwril@and,i sndr the ercddoet RAMg84datdhe
i mge data YscYCC, CbscYCC, and.CrscYCCin the RAM 34

R§GRGE: gyor BEEBEB| he atcidrig@nda® RhehRAM Ad - ogdtarnekinglas

user in a
the image data ¥YscYCC, CbscYCC, and CrscYCC in the scYCC

format is read out from the flash memory 20 through the

reader-writer 19. The image data YscYCC, CbscYCC, and

CrscYCC is supplied to the scYCC/scRGB converting circuit 18

to be converted intce the image data RscRGB, GscRGE, and
BscRGB in the scRGB format. The image data RscRGB, GscRGB,
and BscRGB is written in the RAM 15,

The image data RscRGB, GscRGB, and BscRGB written in
the RAM 15 is supplied to a display, for example, an LCD 32,

through a monitor display processing circuit 31 and is

displayed as a color image.

The white balance of the image data stored in the flash

memory 20 has been automatically controlled by the AWB

_processing circuit 13 in the image capture. In the example

in Fig. 2, the image data written in the RAM 15 is processed

in an AWB fine tuning circuit 33 to fine-tune the white
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tone correction circuit 35. The corrected i nage data
is converted into-signals in an RGB format in the
noni tor 10 display processing circuit 31, and the
converted signals are supplied to the LCD 32 and are
di spl ayed as a color image. The image data that is
subjected to the tone correction in the tone
correction circuit 35 is witten in the flash nenory
20 through the reader-witer 19 and is stored in the
15 flash nmenory 20. (5. Exahblee of AWB Fine Tuning
Circuit 33) The white bal ance of the inmmge data
RscRGB, GscRGB, and BscRGB in the scRGB format,
baldrideefi Rhtheo RAM ixgd slifsipnayedOit uited tlgasead .on t he
white information in the i nage capture, stored in the
di gtheal imegé | datenéysaRCPhi §sERER, tand MpcREB weatierdiby
the follow ng process. 5-1 AT[ correction of col or
thefidt dtulé FPomeTid éntes tb‘@lﬂa ~Pht | mRYe Neapt dpage data

%ﬁ r‘icgggﬁ@ggt eS%ﬁl tcel?SqYﬁ?l:gén Egﬁt %?%@ﬁ%%.% Egl nt
L RO

THM“ﬂM%gBOHBEaC@é@ﬁuie%ﬁ%&ﬁk@reaﬁaa&fgﬁYéHWiﬁak%% Eﬂh[ﬁ% is
of thé scene after the white balance is corrected is

caxaieeitledt el atcamdde eMahuat Con wpditec iBY Ky aceeedi ig a
to Equation 9 in Fig. 22 in a white-point

tagw correspérat crewevalddat ofh83¢orrg@edyimage data is
chromaticities xd'_ and yd are calculated fromthe

converted 1nto signals in an RGB format in the monitor

display processing circuit 31, and the converted signals are

supplied to the LCD 32 and are displayed as a color image.

The image data that is subjected 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 Tuning Circuit 33)

The white balance of the image data RscRGB, GscRGB, and
BscRGB in the scRGB format, written in the RAM 15, is fine-
tuned based on the white information in the image capture,
stored in the digital still camera. This fine tuning is

realized by the following process.

5-1 AT[K] correction of color temperature from white

point in image capture (refer to Fig. 3)
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10 white-point color-tenperature information Tw [K]
calculated in (1), according 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) XYZ tristinmulus values Xw , YW, and Zw are
calculated 15 fromthe xy chromaticities xd' and yd'
of the white point, calculated in (2), according to
Equation 11 in Fig. 23. (4) Linear RG values R w,
Gw, and B 'win use for <dikplaying in an sRGB nonitor
are calculated fromthe tristimulus values Xw, Yw,
and Zw of the white point 20 after the correction by
usi mgilthe FiwersenirRy X wahtéhealdmid ion MitdsedtéR image
Equation (1), according to Equation 12 in Fig. 23. (5)
cafftureregard to the white point of the TwW K] before the
correction, XYZ tristinmulus values Xw, Yw, and Zw can
(be 2 2higgreaiat e‘élola@i:ﬁ?@imgatt@rEq@‘aﬂ‘@%iom vaigelTw [K]

% (6) Linear f&%ﬁB val u and Bw when the

%P5 At $telded fs’?;%‘héChﬁeijF@ the ké‘%)rjr“é?&ei &APftyre. A
I in,the sRGB _.nmonitor.ar cac

nglctieg %g gléau I|“:E(’)enralti‘1re( ‘?)"aéz\H ? Chal % ance co foft the

sdad %rf%e@ thggwhﬁpg rma%rc% fz C@BEE&?{&E’ i4 nyltcﬁﬁated

| 1 near RGB val ues Rw, ore
£1601 reeet b@ﬁlﬂﬁﬂl@rheveiltﬂae&fw {R@Ba&abﬂ@ﬁna Wb E@d&tl@ﬁd981ﬂv

after the correction according to Equation 13 in Fig.
Fi2R i22 ia whwhitdbapance cedpotrrobnpacd oir« adwetlhattor 332.

(8) In a white-bal ance control cal culator 333, the
(4¥hi¥ve chromaticities xd' and yd' are calculated from the
white-point color-~temperature information Tw'[K] caiculated
in (1), according to Equation 10 in Fig. 23. It is known
that Equation 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 =d' and yd' of the white point,
calculated in (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
matrix M1 used in-Equation {1), according to Equation 12 in
Fig. 23.
{5) With regérd to the whité point of the Tw[K] before the

correction, XYZ tristimulus wvalues Xw, Yw, and Zw can be

calculated according to Equations 10 and 11.
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10 bal ance control factors kr, kg, and kb cal cul at ed
in (7) are integrated with the i nage data RscRGB,
GscRGEB, and BscRG in the scRG@ fornmat, read out from
the RAM 15, according to Equation 14 in Fig. 23, to
cal cul ate image data RscRGB_ W - GscRGB_W and BscRGB W
in the scRG format after the 15 correction. The
cal cul ated i mage data RscRGB_W GscRGB_W and
BscRGB Wis witten back in the RAM 15 ‘as fi ne-tuned
results. 5-1-2 Fine tuniny Iof “white bal ance of image
recorded 20 in flash nenory 20 (1) Wite-point
information in the inage capture, recorded in advance
(6)n IankeadacBofal es capt Wwed addt Bw (wladm SoR@Biae point of
scYCC), is read out to yield the white-point color
themyengt beéoTy[ Khe i ¢punestiigngéscadpspiayedriar the sRGB
whi t e- bal ance 25 control factors kr, kg, and kb are
NEHITAN AFEdCBASBEA B tafiePTding tPnkgraetibr.2-The

i1e-b | f kp, k d, kb
e B A R AP R A i areeroabtr i 21 o7 nen

cdngnirage cdat a5t qﬁgaéi{xg R%@i%ﬁé%sﬁ?m% %gldi %thggf%e

16-bit Tinear I mge CRGB, ‘and Bsc
tHd@c2 reeREBnf fhdBthe NG GO REEL LODueS W8Y,f eriedahh Bhe

sane manner as in 5-1-1 (6). (3) Wen inmage data .
aftenr ethel notrhectias hammaring2@oi Bghdei di?-1Diin Fagli p@ain

i mage data YscYCC, CbscYCC, and CrscYCCin the scYCC
a fvdvirret-Patl hkece naget taltLavdovCCal Ohsa@C 33nd CrscYCC i s

10 converted into the 16-bit |linear imge data RsCcRGB,
(G dREd white-balance control calculator 3, the white-

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

integrated with the image data RscRGB, GscRGB, and BscRGB in
the scRGB format, read out 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

results.

5-1-2 Fine tuning of white balance of image recorded

~in flash memory 20

(1) White-point information in the image capture, recorded
in advance in a header of the captured data {data scRGB or
scYCC), 1is read out to yield the white-peint color

temperature Tw[K] in the image capture. The white-balance

control factors kr, kg, and kb are calculated based on this
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-and BscR@& in the scRE& format in the scYCO scRGB
converting circuit 18, and the correction is

performed in the same manner as in 5-1-1 (6). The
conversion nmethod is described in detail next. 15
(3)-1 The 12-bit nonlinear imge data YscYCC, CbscYCC,
and CrscYCC in the scYCC format, read out fromthe
flash nenory 20, is converted into the nonlinear

i mpage data R scR@G, G scRGE, and B scRGB in the scRGB
format according to Equatildhs 15 and 16 in Fig. 23.

20 (3)-2 The imge data R scR@, G scRGB, and B scRGB
converted in (3)-1 is converted into the Iinear imge
irdairamaRidn .G Bhe witkBLdlianceheostREB fartmls &e¢okd) ngnd
to Equation 17 in Fig. 24. (3) -3 The image data R 3,
kiGage aadcBlatednverilied siame( 8pnngrias 25 Tdmlerted into
16-bit |inear imge data RscRGB, GscRGB,and - 17
(BsdRep thet Avage ﬁ?ﬁq FrivEedadBobdf nflad: mppRryoR04is the

IR, ShadP ALY BLOSEOSAE LA e

in.th C roat b - r '
N R P s Tt B R N
adRGB fsonomt (kn an scRGB/ REAB conversion processor 311
in the nonitor display processing .circuit 31, and the
{(Domrent eflabsagetdaitioresl sSuppheedldsn tencky RCDid2tnadL2-
is displayed as a color imge. The conversion from
bitthe@osdREBaf oimage tdn tiehd sREBCT oflpetY(®, desitiCrbedCnin the

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 YchCC} ChscYCC, and

CrscYCC in the s¢YCC format, read out from the flash memory

‘20, is converted intc the nonlinear image data R'scRGB,

G'scRGB, and B'scRGB in the scRGB format according to
Equations 15 and 16 in Fig. 23.

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

in (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, and B'3 converted in (3)-2 is

converted into716~bit linear image data RscRGB, GscRGB,. and
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detail next. (1) The 16-bit linear inage data RscRGB,
GscRGB, and BscRGB in the scRGB format is converted
into the nonlinear inage 15 data R scRGEB, G scRGB,
and B'scRGB in the scRG format according to Equations
5 and 6. (2) The inmage 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. 20 (3) The 8-bit nonlinear imge data R, G and B
converted in (2) is supptiled-to the LCD 32. 5-3
Exanple of GU for fine-tuning AWB An operation
exanple of a GU for fine-tuning the AWB 25 is

Bdlgan iibedhwi EBrReEf BILRAE abeoFHgng Sto Ridhati dnnal.udes -
18 diagranms showing the rear face of the digital
still canmera described above. On the rear face of the
digital still camera, the LCD 32, a nmenu button 41,
an OK2buExemP U ofamena tog udbepl BUtRTNFSZ 1ngr cy?pmelﬂowl
and Ieft-rlght noverment are 5 provided. (1) An inage

' W%’e%c’cﬁlﬁhe Whi t e- bal ance fine tuning is perfor med

| 5 RoFSHe LIS RBkeCk kAR IS gl BHoBl oo

foﬁénata%%fw@ Fa é&&“t&%ﬂwﬁ%t@fﬁaf’&’ﬁé@tc%%ttr%ﬁ%eﬁ "a
-bal ance fine tuni ng node’ For exarrp e, as

c&%ﬁeﬁnlﬁtg-lﬁéﬂ\je | gttens kndi pasi f@rmat in an scRGB/RGB
conversion processor 311 in the monitor display processing
circuit 31, and the converted image data is supplied to the
LCD 32 and is displayed as a color image. The conversioﬁ
from the scRGE format to the RGB format is described in
detail next.
(1) The 16-bit linear image data RscRGB, GscRGB, and BscRGB
in the scRGB format is converted into the nonlinear image
data R'scRGB, G'scRGB, and B'scRGB in the scRGB 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 supplied to the LCD 32.

5-3 Example of GUI for fine-tuning AWB
An operation example of a GUI for fine-tuning the AWB

is describéd with reference teo Fig. 5. Fig. 5 includes
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"Fine tuning", "H gh", "Standard", and "Low' nodes are
superi nposed and di spl ayed on the i nmage displayed in
(1). 15 Anong these nobdes, which can be selected with
the cursor button 43 and the OK button 42, the "Fine
tuning"” is provided for correction described bel ow
Wien the "High" is selected, the white-point color
tenperature of the image is corrected to a val ue
hi gher than the current value by 500 20 [K] to 1,000
[k]. Wien the "Low' is seteded, the white- p0|nt
color tenperature of the inmge is corrected to a val ue
| ower than the current value by 500 [K] to 1,000[K].
dMheramst BRowShanthd dedrs faekeotedhe tdigy i1t @tpoiNtamera
color tenperature of the inmage is kept w thout
desgrridetd ehoves (B) Wien ele TEpeof urh:glidisadebedied,
a slide bar 44 is - 19 further displayed in the LCD
CBET s WRoWAD| ¥ iy BB, bW'iéﬁn flhe @Ur%rbuﬁ@fvpoﬁhsam% a

erated . to h zont al s]lide bar 44
o bR T o st 248 BB antS mdtepty 228
Pﬁéyi |s corrected to a val ue hlgher or lower than 5
e current val ue by around 100 [K] each tine the

(%legle iBahe £4riwnimyedPyneRe- ﬁ&f‘éx@céj'f‘édn%' @0nikh- is

anpl e of Tone Correction Method 1n Tone Correction

pGi fictticd 35 £eBd@fed Grld Ghe2kp140tddeirpe ief dldpbhfed in
nonl i near inmage data YscYCC, CbscYCC, and CrscYCCin .

thehd e ¥eC format, stored in the RAM 34, is corrected
in the tone correction circuit 35. As described in

(detTiel mgaRoMt e 4londheoFrEent ot pedopredtha OK

button 42 are operated to select a "white-balance fine
tuning mode™.

For example, as shown in Fig. 5A, letters indicating
"Fine tuning"™, "High", "Standard", and "Low" modes are
superimposed and displayed on the image displayed in (1}.
Zmong these modes, which can be selected with the 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 wvalue by 500
[K] to 1,000 [k]. When the "Low" is selected, the white-
point color temperature of the image is corrected to a value
lower than the current value by 500 [K] to 1,000 [K]. When
the "Standard" is selected, the white-point color
temperature of the image is kept without correction.

{3) When the "Fine tuning" is selected, a slide bar 44 is
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accordance with QU operations by the user. 15 6-1

Aut omatic tone correction Fig. 6 includes diagrans
~illustrating exanples of GQJ operations in the tone

correction. (1) An imge whose tone is to be corrected

Is selected and 20 the selected image is displayed in

the LCD 32. (2) The nenu button 41, the cursor -button

43, and the OK button 42 are operated to select a

"tone control node". For exanple, as shown in Fig.

6A, letters indicating "Munal-", "Automatic", "TV',

and "Picture" nodes are 25 superinposed and displ ayed

on the imge displayed in (1). - 20 Anong these
fpdes; dlkbehyeanidecirelem ad, Wakhshdigh GUf SQly. BeLt Ofhen

43 and the OK button 42, the "Manual" is provided for
thhewser bothenudl |5 qrerdagec thehootreotdldly @@sertbed

bel ow. When the "TV' is selected, the inage is :
sEote ddtred 4t ofak hexamer 13t dihey iWbil A=t |cmig>é Geapprgture
%% n the "Picture" is  selected, the img

Sdfiaget &5 CHT RS TR Caelie ’Fk%heli r?&géod’ﬁﬁl Fhgn

Ao M0 ey Al o Lo s6kegkpdeo sl 1 daDAs, 43:80% o,

are ayedin , as’ shown I n

2K ﬂg@edvg9nongo dhe cursQL Qutton 43 is operated to

hori zontal 'y nove the slide bar 45, the contrast of a
hi ghlight of the image is corrected to a val ue higher
or |lower than the current value by one step each tine
(6 héixsimpde barTdie iGomeed obyMenkodcial efone Correction

Circuit 35 (refer to Fig. 2))

The tone of 12-bit nonlinear image data YscYCC, CbscYCC,
and CrscYCC in the s¢YCC format, stored in the RAM_34, is
corrected in the tone correction circuit 35. As described
in detail below, the tone correction 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 selected and
the selected image is displayed in the LCD 32.
{2) The menu button 41, the cursor button 43, and the OK
button 42 are operated to select a "tone control mode".

For example, as shown ih Fig. 6A, letters indicating
"Manual®™, "Automatic", "TV"™, and "Picture"™ modes.are

superimposed and displayed on the image displayed in (1).
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di vision. Wen slide bar 46 is horizontally noved, the
15 contrast of a shadow of the image is corrected to a
val ue higher or |ower than the current value by one
step each tinme the slide bar 46 is noved by one scale
division. (4) Wen the "Automatic" is selected in (2)
descri bed above, the automatic tone correction is
performed. The automatic 20 correction includes, as
shown in Fig. 6C, a "Standard" node for genera
automatic correction, a "Nhtscape" node for the
automatic correction for a nightscape, and a
"Snowscape" node for the automatic correction for a
ARV ERBE. mbBes USEHii ciC alars ekestl afye@fwithe thet andasd”,
"N ght scape", and the 25 "Snowscape" nodes. - 21 6-2
biEkamplée ehdt bhe eBriwedidrodZ2¢i kbai TM35144 .17 pglegwgednior
exanpl e of the tone correction circuit 35. The tone

| tlt%rUrS@ét rt@nmenwehly By foyms thenaereet t o5 dissaippddbelov.

her e, d t,he co onent s in the tope correction

W}b‘?’}ctﬁ’i §g w 'l ® r i&d 1 PAIT et i FOHADHS %o achieve

A0 Bo Pl 00 | Mo B 13508

séltget%@nc%hgaiﬁaqéc\@%dﬁe%%@el tgdacﬂ&x?’e tm%c _COREeSL PY ke

The tone of the Tumi nance data 10
igQfd emhedtiyn the tone corrector 351 and the corrected
data is output. The color difference data CbscYCC and
(0r eCCthe Swppha B i0 seleatedat s bive drarectddr a88246 Taes
saturation of the color difference data CbscYCC and
hagrderceispiagedrBetér iLeDt Rér saf PRt didect8r 3Boen
and the

" the cursor button 43 is operated to horizontally 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 slide bar 45 is moved by one scale
division. When slide bar 46 is horizontally moved, the
contrast of a shadow of the image is corrected to a value
higher or lower than the current value by one step each time
the slide bar 46 is moved by one scale.division.

(4} When the "Automatic" is selected in (2} described above,
the automatic tone correction is performed. The automatic
correction includes, as shown in Fig. 6C, a "Standard" mode .
for general automatic correction, a "Nightscape" mode for
the automatic correctien for a nightscape, and a "Snowscape"
mode for the automatic correction for a snowscape. The user
can select any of the "Standard™, "Nightscape”, ahd the

"Snowscape™ modes.




10

15

20

25

15 corrected data is output. The output inmage data
YscYCC, - CbscYCC, and CrscYCC is supplied to LCD 32,
as described above, and is displayed as a col or

i mage. The output image data YscYCC, CbscYCC, and
CrscYCC is also supplied to the flash nenory 20 and
is stored in the flash nenory 20. 20 The | um nance
data YscYCC is sequentially supplied to a |um nance
si gnal hi stogram cal cul ator 353, an inmage information
extractor 354, and an i mage?kat egori zer 355, and the
i mages- are categorized into, for exanple, ten o
categories. Based on the categorization result, the
correction 25 characteristics of the tone in the tone
corrector 351 are - 22 determned in a

bl adkZanBx=aple-deveinec orreettorn curnmiitg&iver at or 356,
.a tone correction curve generator 357, and a tone
corﬁé@tl6n3%%W%n§téﬁﬁﬁ@ﬁécﬁért@%7tOHQ1Qﬂifapﬁéﬁn phsed t

t t It d b b
3801 (B FOHCACRRASSE gt | S Fof oy hE si SR < ne
a& f%ﬁ@ﬁ ggrecogﬂgcéﬁg é% %tgeigr éa§rection

sat urati on cbrréection ve generato

c%ﬂfta%'soﬂlwfB@C&éﬁh%fdalﬁt QbtaSE! @&i&,{ 3@%fe¥§£hgux§o
paraneters and thresholds are provided in a

rikhe 7,0lhewgngher Deassididal ¥st@cper fosarIt, Ringopeseots
in the tone correction circuit 35. 6-3-1 Cal cul ation

sfmredreki nhecBml 24/ Vienchilstragrane oflatd Uhdaidice ssisgpal i&d
The |um nance data YscYCC of the inmage for which the

taz ttome eorreetPdndi’s t Fhe tpeef OF nElek i smsiggpiceedatf om

t he. RAM .
YscYCC is corrected in the tone corrector 351 and the

corrected data is output. The coleor difference data Cbsc¥YCC
and CrscYCC is supplied to a saturation corrector 352. The
saturation qf the color difference data Cbsc¥YCC and CrscYCC
is corrected in the saturation corrector 352 and the
corrected data is cutput. The output image data YscYCC,
CbscYCC, and CrscYCC is supplied to LCD 32, as described
above, and is displayed as a color image. The output image
data YscYCC, Cbsc¥CC, and CrscYCC is also subplied 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 images are categorized into, for example, ten categories.
Based on the categorization result, the correction

characteristics of the tone in the tone corrector 351 are
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34 to the lum nance signal histogram cal cul ator 353.
The l.um nance signal histogram cal cul ator 353 nakes
the curulative histogramf(Y) of Ium nance signals Y
fromthe [|um nance data YscYCC, as shown in Fig. B
20 6-3-2 Extraction of inmage information The
cunul ative histogramf(Y) of the | um nance signal Y,
made in the | um nance signal histogram cal cul ator 353,
is supplied to the image infornmation extractor 354.
The i mage 25 information &¥% actor 354 cal cul ates
values YlI, Y2, ... Yn of - 23 the lum nance signal Y
when the data of the cunul ative hi stogram f ()
degyineiseanda hobphdh-pbewhite-pave(f osrexanpe curdb®
10% ... 95% of the entire data, as shown in Fig. 8.
gMrrateal 36§,Y2 tenercammcddent cthee by¢nprates 367/t Aed a
i mge. 5 6-3-3 Categorization of _inmge The inmage
tQ%ﬁeﬁﬁﬁreE§F°BSBa{%ﬁ%F%qu§qlﬁ&@@rlﬁ?%rnaﬁﬁcﬁ@dﬂtloﬂo kpsed

t i th f t t t 354 t
o S, S S g P Pl a i e Tk A By A e M P Brion

cégrég%éyﬁgtiggggfCéﬁéxgyE%?%Elgﬁ5 e££$r§gigﬁgilon

categori zation In accordance wt or exanpl e,

cHAUHLNAESheWe b dininel0in £13adhead 1A RANGRBLgRAl
information value Y1 is conpared wth two thresholds

ciAvel igaheandoAvehs nthd whisehulratseh corrachianc@arbfeter
categori ze the brightness of the inmage into 15 three
selatcdgor 36§ tWatidwss PayringhtréHapd | tlmaadrdge g@aAee) ",

provided in a ROM 369, The following processing 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 performed is supplied from the RAM
34 to the luminance signal histogram calculator 353. The

luminance signal histogram calculator 353 makes the

"cumulative histogram £({Y) of luminance signals ¥ from the

luminance data YscYCC, as shown in Fig. 8.

6-3-2 Extraction of image information
The cumulative histogram f(Y) of the luminance signal Y,
made in the luminance signal histogram calculator 353, is

supplied to the image information extractor 354. The image

_information extractor 354 calculates values Y1, Y2, .. ¥n of
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and "dark (Lo) ". (2) Avalue R (=Y3-Y2) is calcul ated
fromthe |um nance signal information values Y2 and
Y3. The value Ris conpared with two threshol ds
RangeLi mM and RangeLi n2, which 20 is set in advance,
to categorize the range of the brightness of the
image into three categories; that is, "narrow
(Narrow)", "mddle (Md)", and "wi de (Wde)". Hence,
the inmage is categorized as any of a total of the
nine categories; that is; 2he three categories with
respect to 25 the brightness of the image in (1) x the
three categories - 2 4 - with respect to the range of
tihd e daliinghtBessgRbl theHdmgee db3y A0 tHBGRMAMItAgGea
"U-shaped" histogram shown in the right side in Fig.
hixtagraaX tfldtt edrfegporde tionpdés pA%t he pathriger example,
categories (bright, average, and dark) belonging to 5
2% hel 0% de 96W def "thaatesgame wWeath, r espeleewn gt Hégr-aRge The
of the_brightness. This extraction is perfornmed by
VRHiFariing©t e TPRNG $Ritc &8 &ﬁéEhGQ?%%sO£$%&m?§eof
the image and gradi ent values S1 and S2 of the shadow
and the highlight in the cunulative histogramwth
t hr gshokdsc Lk i, W LinBe §hpde 10 and Sl p2, which
are set in advance, respectively. (4) The inmage to be
cor raet edads €alLLONII-2€0385 ARYs Ofhd RemagkeAneatRgOLdESY1
i-ncluding the U shaped histogramin the manner
tdel’crgehedaaboven (I iWwee tihéousetiseledrsmcaonnddsd to
such as the nightscape 15 node or the snowscape node,
carpadyd zienkihe capred einter lwheategories shown in Fig. 9.

The image categorizer 355 performs the categorization in
accordance with, for example, an algorithm shown in fig. 10.
{1) The luminance signal information value Y1 is compared
with two thresholds Aveliml and AvelLim2, which is set in
advance, to categorize the brightness of the image into

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

and "dark (Lo)".

(2 A value R (=Y3-Y2) is calculated from the luminance

signal information values Y2 and Y3. The value R is

compared with two thresheclds Rangeliml and RangeLlLim?, which
is set in advance, to categorize the range of the brightness
of the image into three categories; that is, "narrow

{(Narrow)", "middle (Mid)", and "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 brightness of the image in (1) x the three categories
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there are inputs with the GJI' in the correction of the
image (refer to Fig. 7), two categories of
"N ght scape"” and "Snowscape" are added, as shown in
the right side in Fig. 9, based on the inage capture
i nformati on or based on the 20 inputs with the GU
respectively. In-this case, the inage is categorized
as any of a total of 12 categories. 6-3-4
Bl-ack-and-white | evel correction 6-3-4-1 Genera

bl ack-and-white level corre&tion 25 The image data of
the i mage categorized in the inmage - 25 categori zes
355 is supplied to the bl ack-and-white-Ievel

wiidt regidean eur viee genefatdl t3o6bragh sy di Hhegimdge.
The bl ack-and-white-1level correction curve generator
(B Amprimegei hgvenhanc8s shadedSuhf b toemn.caitovastinc absed
by the 5 exposure state in the inmage capture.

ritordidtgiy, Fitie 2 bl iexdi@ckiit & PRvidle ddagsst itgnthe
curve generator 356 has an__algorith for exanpl e,

S A BT 425 1 R o VET 2858 AR o PRt BPREE] £

own 4. (Ei 2. T rat i t.hi - d

S araace efleL PR, BRe0he ol B 330E 0r the

bAT i t8lesk0 Firfis 20erddtiM 6B BBrrbAhd £ UbaRRi-AhgXPhe
and a curvature rr are used as paraneters such t%at a

ldniimiatarceigablevaings of4 the Fback thevielagef ahldegraagent
gets close to zero and a | um nance value Ymax of the

vapghictse Slevat 82 ¢hethiarmdedget sndl bse WigHlLightThe tbe
inflection point xO and the curvature rr %ﬁproxinate a

CYRHIESH Ve RéSEPYERm bt tdy dhirsghalds rEigHtl 1 iUndiper ween! -
aéJ“%lpZ, which are set in advance, respectively.

{4) The image to be corrected is categorized as any of the
fén 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 imége capture information or based on the
inputs with the GUI, respectively. In.this case, the image

is categorized as any of a total of 12 categories.

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

The image data of the image categorized in the image
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| um nance value Ymn and the | um nance val ue Ymax. The
| umi nance val ues Ymin and Ynax ordinarily correspond
to both ends of the histogram and are determ ned from
the lum nance 20 signal value Y, which is a val ue
appropriately extracted fromthe values in the
cunul ati ve hi stogram However, a threshold YTH
appropriate for preventing overcorrection is set for
the level Ymn at the black side. 25 6-3-4-2
Bl ack-and-white | evel correttion of - 26 "Nightscape"
and "Snowscape" As described above in 6-3-3, a
correction effect different fromthat of a category
célgd@iriizaed 368l ysfsaoipihal toumtbabl ¥ek-+dsd-agriae-myst1 be
achieved in the "N ghtscape" 5 node and the
caiSnmtscapetirmedesndionoe; 3pechal sprocessikig.i §. The
erformed to correct the black-and-white level in a
b anglcwhétgel et d?Plt@qté@PoPu{V%f%?net@thrg 35$1) .
i.nformati on concer g t he "N| tsca g$gg
P-’EJH@”lgnS RAPE® OIS ﬂ;‘ éFBEdC‘f’? ~°ttn %“ﬁf% tF %
f. 0. r( g ) or
e Aedad B ARCHRS ndfodn B up)
bpgcq&ea%amalté o501 1 D60 NEXL Whide FGIRLENCE BBEFHYs an
. 6-3-4-2-1 White correction of category
aig‘\!hgftlh&(,‘aﬁe eddnghe, hirstwogranrod. the sriMascapesi-shaped
characterized by deviating to |lower tones. It is often
chdmatase sthat shdwen in SRiggr ath.of t he ni ght scape "has,

for exanple, street |light having a relatively smal
areﬁhanae$%%¢@M%S<ﬁ%F@@?sSh§b¢?@ﬂ characteristic uses

.functions in Equation 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
level of the image gets close to zero and a luminance value
Ymax of the white level of the image gets close to 1.0. The
iﬁflection point x0 and the curvature rr approximate a
broken line given by drawing a straight line between the
luminance value Ymin and the luminance value Ymax. The
luminance values Ymin and Ymax ordinarily correspond to both
ends of the histogram and are determined from-the luminance
signal wvalue Y, which is a value appropriately extracted.
from the values in the cumulative histogram. However, a
threshold YTH appropriate for preventing overcorrection is

set for the level Ymin at the black side.

6—-3-4-2 Black-and-white level correction of
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hi gher | um nance values. In this case, as shown in the
20 histogram of the nightscape in Fig. 9, a certain
nunber of pixels are distributed near the maxi mum
val ue of the tone. Accordingly, a sufficient
correction effect cannot be achieved at the white
side by using a nethod of determning the |um nance
val ue Ymax in normal black-and-white 25 correction. -
27 In order to performthe correction effective for
such a high-lum nance are&f the white correction
level for the nightscape is set to a value slightly
small er than the |um nance val ue Ymax set by a nornal
"Nighkedapdhi sngetdndgdapshi fts a light emtter, for
exanpl e, a high-lum nance area including street
| i ght, de¢owarited ddvei ght er3ates ddrusctébheeffeet y
enhanci ng the |um nance of the high-1um nance area.
differsnt gﬁ@ms@tqt f desefppedy afphrmigiascentefyom the

| um nance_yal ue detected fromthe cumul ative histogram
ol =f 3R cat BHOSH e Thbue BEELOTTbt g o GaRESFREE

G RTEEs Yelae S0l Mogthla sy Bl 1

econes n ~confras

péy%%gﬁggegoa@@ffécé”ﬂﬂ%ebﬁg@kyéﬁéEhhfgetﬂ@%eqiqaognﬁser

bet ween the detected | um nance val ue and the-15 white

- sodkUge(dcP)oh Scisedtas therwhi t& royraayi.onthevel

Ymax, it is possible to prevent the anmount of
indermetti poncénomrniver denNi gbt @ niocnleadddt kba, t he

dar kness which the nightscape originally has is not
“Smgmggap@a_mode is yielded from 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 cften the case that the

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

having a relatively small area and includes objects 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 ione.

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

correction.
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20 6-3-4-2-2 Black correction of category "N ghtscape"
Since the tone of the nightscape is distributed in a
I ower range, it.is difficult to obtain the effect of
the black correction itself by using the black |evel
Ymn vyielded by a normal nethod, and the effect of
the black 25 correction level Ymn is not
i ndi spensabl e. However, it is - 28 supposed that the
tone of the shadow can be slightly increased due to
the effect of the amount oféorrection at the white
side. It is not preferable to increase the tone of
the shadow in a wi der area, as in the nightscape,
becauserBet heo i s fRase dheoner eabiainee : ifeics@ ventfbhesuch a
i mage capture characteristics of current digital
high{llurdameras aréiencdie ivhidedeprrectivel yewipgogsshsuch
enhancement of noise in the nlghtsca pe and

nigyressicy Py SehhEhce ‘ffﬂéle daiRhEsY rather fihgm $BSpe,
t he bl ack correction vel Ym n fé t.o a ﬁlue
M eh XA TP Re VAT U tv I3y 8r2d B ts%\ noriar ﬁ%¥ o[oid
| |
s ﬁgfe%gg@f @g%@% area, et@a:mg gg\ggcﬁ Qﬂﬁﬁnanbg Lhe,

correc
incNRMBLARG reel D1 RiHICE ttdaa%ral )éﬁlesbf:‘{@h@@ﬂ”e&te%d tBus
hlgher tones in the snowscape, contrary to the
e figitiseape enhbintdndgli ffd Quinti nbace obf athe tHieyhefi@dchante
the white correction itself. However, it is supposed
atdwat the tone of the highlight can be decreased due
to the effect of the anmount of correction at 20 the

bl a¥RtEPHE PR 197 @8 ARASEEDES PV 1 IfFé NREgRIP ght

luminance value detected from the cumulative histogram is

decreased, the amount of correction to make the luminance

value close to the white value (1.0} becomes too large. In
contrast, with the setting described above, since the wvalue
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 toorlarge. In addition, the darkness which the

nightscape coriginally has is not derogated.

6-3-4-2-2 Black correction 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 thé 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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results in, for exanple, unnatural blackness such as a
~stain or a pseudo color in the highlight. Hence, in
t he snowscape, the black correction level Ymnis set
to an appropriate value between the black |level 25
value Ym n yi el ded by anormal nethod and the value (0)
of - 29 black to inhibit the effect of the bl ack
correction. Even when the contrast is enhanced due to
this black correction, the whiteness characteristic
of the snowscape is not derdgated. 5 6-3-5 Tone
correction paraneter selector 367 and tone correction
bj ects of the tone correction here is to relatively
suppharee thhe cbattasd o«f ther ahgdowncahileh d1hieht-age i S
10 derogated mai nly because of inappropriate exposure
igneased deeutn Blng %&%@3806fﬁbetam©umheﬁfCorrectlon at
bl ack-and-white | evel correction to a |evel
tQﬁuﬂhﬁﬁq éﬁéeforIFhESééFééEP?eraglﬁntot%ﬂFﬁﬂﬁSPetP@vEPne
g Ia k I evel correction _describe

HipIPE2oq HHvar et s srr‘?gpeaschv‘gh%h%W%ﬁsﬁaﬁe bggause
e sueh tan rect ctl n

tﬂﬁsqulgit%lr%%gsg g((D}rlgf er toc'I %I S‘O'Q‘% glqh{:él}\cl/)%]nl EH% tda%fq ?e%tl on
cIR I X0 s@Rdst B ceMrtAt Wigikb1ascihe fafanmters, are

used to generate the inverted S-shaped curve.

Accaedtagl yn é¢h=PROM 362eln Fiugprasd Syphoentdedcandtt of

20 for exanple, a table shown in Fig. 15 including the
noise in the nightscape and aggressively enhance the

darkness of the nightscape, the black 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
snowscape, contrary to the nightscape, it is difficult to
obtain the effegt of the white correction itself. However,
it is supposed that the tone of the highlight can be
decreased due to tﬁe effect of the amount of correction at
the black side and the decreased tone of the highlight
results in, for example, unnatural blackness such as a stain
or a pseudo color in the highlight.

Hence, in the snowscape, the black correction level
Ymin is set to an appropriate value between the black level

value Ymin yielded by a normal methed and the wvalue {(0) of
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paraneters of the inflection point x0 and the
curvature rr and saturation paraneters kc descri bed
bel ow for all of the twelve categories. The paraneter
x0 has values in a range fromO0.4 to 0.8. The
paraneter rr has values in a range 25 from1.0 to 10.
- 30 As shown in Fig. 16, the tone correction
paraneter selector 367 selects the correspondi ng
par anet er based on the catggory i nformati on on the
i mge output fromthe irm"gez2 categorizer 355 with
reference to the table in Fig. 15. The 5 tone
correction curve generator 357 generates the inverted
bilsdhdped nbibie the efMedtord tberbéeétbngomsatiomn i Bven

Fig. 14, by using the paraneters selected in the tone
W e iCORTTRAF ahBt B aEeEc fye sB7th R RS nsPEreEREon .
tone .correctipon paraneter selector 367 10 conbi nes
T T 1 PEP P B ERAEd iy 811 SRt RROY S dr €8E on
adLdhe S-shaped curve (Fig. 12) for black-and-white
correction, generated in the black-and-white-Ievel
correction curve generator 356, to generate a
correction translation table of the |um nance signa
val ges-5Theot®nsrfectabheph amdtdr Usadithe gorr&ed i the
translation.table generated in the tone correction
cqyremvdoar sel ector 367 to convert the inmage data on

the | um nance read out fromthe RAM 34 froma val ue
Yi nOP3eatdaPti-Nodoneasosrowhioh |ue iF4te apdrtbvely

eﬁﬂgﬁgg ngecggg¥§éé%n %Pkggggogg'wggch the tone is
derogated mainly because of inappropriate exposure and to
return any excess effect of the black-and-white level
correction to a level appropriate for the category, as in
the white level or black 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
parameters of the inflection point x0 and the curvature rr
and saturation parameters kc described below for all of the
twelve categories. The parameter x0 has values in a range
from 0.4 to 0.8. rThe parameter rr has values in a range

from 1.0 to 10.
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6-3-6 Saturation correction In a YCC col or space, the
saturation in a range froma mddle-saturation area
to a high-saturation area can be derogated when the
tone correction is performed for the 25 | um nance

si gnal channel as described above. Accordingly, - 31
correction for keeping the saturation is perforned,
along with the tone correction. This saturation

correction is performed for a chronmes value C yiel ded
fromthe color difference tthta Cb and Cr. Basi cal |y,
a gain coefficient kc 5 of the color difference data
Cb and Cr is controlled according to Equation 21 in
Fi gAs25hten eithafice fllde that tom¢ i orreAdcondpageyetehe
ROM 369 in Fig. 7 is provided with, for exanple, a
sqlﬁﬂt@rsﬁéﬂnseﬂeﬁ@.thﬁ JorEleaaPRgIrh P FE e terpbased on
coefficients kc for, all thgﬁtmelve cat egorj es.

The,
5 CAEERF Yk L™ AT Be S P8 FERGE TH U0 o F2°0image
et er ke has v a e .
A% RN 855! 1 il e A NS 08! HEALLON: SOI 96 9B 15 The

paraneter selector el ect e correspon

t R ARERELKE PASAL QR ha teat 99T Yerhdi AIJRIHAN 1 A0 1-PEY
i mage output 15 fromthe image categorizer 355 with

siafgiancarte the drabldne Rokirgctlén, The Sbmr abi og. 14,
correction curve generator 358 generates a correction

bycursimg $hewpabymetreswd isgleichedi inFilge tci® dvasedtonnt he
straight line according to Equation 21 by wusing the

PyramEreresesereet etbi-n the saturation correction 20

paranet er sel ector 368. ]
Furthermore, the tone correction parameter selector 367

combines the inverted S-shaped curve for the tone correction
with the S-shaped éurve'(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 correction translation table
generated in the tone correction parameter selector 367 to
convert the image data on the luminance read out from the
RAM 34 from a value Yin to a wvalue Yout, as shown in Fig. 14,

and to output the converted wvalue Yout.

6-3-6 Saturation correction

In a YCC coclor 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 described above. Accordingiy,
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In this case, in order to avoid coloring a | ow
saturation area having an al nost achromatic col or, an
appropriate threshold is set for the correction curve
in Fig. 18, and the S-shaped functions according to
Equation 19 are 25 used to inhibit the saturation. An
Hermte curve is used in - 32 a high-saturation area
in order not to clip values anplified in the
saturation enhancenent. A correction translation
table of the saturation dat3 Cb and C is gener at ed
based on this saturation correction curve. 5 The
saturation corrector 352 uses the saturation

cepredicitdroforabbepifenertat exhtiurathensas upatfemed, along
correction curve generator 358 to correct the

with he itoResdsParest e OThis sagusation oretIRSTRAN 33,

e corrected dat 0_6-4 Tone

aq? to
PTo ?%[betqo%ﬁraﬁd 5007 a3 Oif &oryrlégfi? nt Byt Ui color
d§f%é¥gdd@1datgaé8 éﬂdW@%Cr'§J¥§Cg§§gf3§|§gﬁ§ e -EYCLent ke

correction node or a cture rection nn
o OPE{AldI1Grt B@f@e&eﬁa@%w coFbgd érl $s Wfoti%dnext
15 As shown in Figs. 19 and 20, the bl ack-and-white
at@velingcabr Bahh0DoBY2 USiMgrilghe 25- shap@ehietd wae t he
tone correction by using the inverted S-shaped curve,
sgipkatiensat urati on  enhancenent correction are
performed in these nodes, as in the automatic tone
cor PEEPFERNTFY 6-the |RPM Ré9eivoFiect] difs Pregiche whblunt
white | evel correctlon by using the

f th I k d
=& HEIBA e BRI THE LBt 15 P SLhng - 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 Fig. 17, the saturation correction
parameter selector 368 selects the corresponding parameter
kc based on the category information on the image output

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 sclid line in Fig.
18, based on the straight line according to Eguation 21 by
using the parameter selected in the saturation correction
parameter selector 368.

| In this case, in order to avoid coloring a low-
saturation area having an almoét achromatic color, an
appropriate threshold is set for the correction curve in Fig.
18, and the S-shaped functions according to Equation 19 are

used to inhibit the saturation. An Hermite curve is used in
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correction by using the gain coefficient are
fine-tuned based on the anpbunt of correction in the
normal automatic correction. 25 - 33 6-4-1 | nmage
quality control in "TV' - node |nmages on TV screens (or
I mages on CRT nonitors) generally have higher average
| um nance, higher contrast (a sufficient black |evel
and a sufficient white level), and 5 higher
saturation. Accordingly, in order to obtain
television-like inmges as” a9 6ésult of the i mage
quality control in the "TV' node, the correction is
“perforned in consideration of these characteristics.

a 1gi dhpatutaBliavkasenl-whidrsidrevelt tor ek ionlukse apbackied
| evel correction is inhibited by conparing the

l%l%ﬂﬁ(%ﬁ%ﬁnﬁﬁFPQ PRVEICS T ect PoRCFREEREC™ AiGPaEteon
r|b 6- 1 Acc ingly, a black | evel
& o SR Mt A SRt e et sroeg on
tﬂu;g @agcu%mal 00, 5,41 Wagh, | evel. Y91 ndeterm ne. 1
e

normal automatic correction. BKtv has a value in

a rangesbeemOi dn trke@iofh 39 hgad aMR] SYARXTYohN

this node is set according to Equation 23 in Fig. 26
carsteng itdhe twbil Eegbey el todTE dekesataedcidm ddrecaen aal
-automatic correction. Wv has a value in a 20 range
ciromn@ragor. -8 Afe eroudes tprtbeesstwn Wewt Mated Cabevé Cr,

is perforned, as in the generation of the
rephitaidomhibe R el comdedpi BRtPUL the corrected data.

6—4 Tone correction and saturation 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
FPig. 6 is described next.

As shown in Figs. 19 and 20, the black-and-white level
correction by using the S-shaped curve, the tone correction
by using the inverted S-shaped curve, and the saturation

enhancement correction are performed in these modes, as in

" the automatic tone correction in 6-1. In these corrections,

the amount of the black-and-white level correction by using
the S-shaped curve and the amounf of the saturation
correction by using the gain coefficiént are fine—tuned
based 6n the amount of correction in the normal automatic

correction.
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curve in the "Automatic" correction (Fig. 12), the

inflection point x0 and the curvature rr of the

S-shaped 25 functions (Equation 19), which approxi mte

a broken line - 34 given by drawing a straight line

between the black level Ymn_TV and the white |evel

Ymax_TV, are calculated in an S shaped paraneter

calculator (refer to Fig. 19). The image having a

hi gher average |um nance and a higher contrast is

captured after the correcti®h-in the manner described

above. 6-4-1-2 Tone correction As in the tone

correction in the "Automatic" node 10 described in

6- 3654-therhayerdied isyskapedoruiweriw' geaer at ed based

on the categorized information on the inmage, the

i nvémagds Ses hEpertmasmee (s toadpe feeh WRIh mohétors)

bl ack-and-white |evel correction curve generated in
g@ezn:aﬂ-ly haiig bhehet aiaRce luataayces RigHgcconthrased(a

B SOEASELT£0, SN, 10 £RULLLDD LT UG, an

hfaﬁ ol ta't%QaLcﬁeLUf {#&Jorg;m@igedlhnaw% h{?%%t%liﬂl ity

fpar he correction

| t@pe%adsmnzme RS LAtL0Y iregda1knber PRl | QRN qha@ltgrage

in the saturation correction in the "Autonmatic'
colesesl hed the "6v8-fodACadidicBgk¥ct dogai $ piﬂeffo&tnétiemh

kc_TV for the saturation correction is calcul ated
cénoilietraetigal nf toedd idieentctkeciseichbased on the
categori zed information on
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. BAccordingly, a black level Ymin TV in

this mode is set according to Equation 22 in Fig. 25 using
the black level Ymin determined in the normal automatic

correction. BKtv has a value in a range from 0.7 to 1.0.

‘white level Ymax TV in this mode is set according to

Eguation 23 in Fig. 26 using the white level Ymak determined
in the normal automatic correction. Wtv has a value in a
range from 0.8 to 1.0.

After the processing described above is performed, as
in the generation of the black-and-white level correction
curve in the "Automatic™ correction (Fig. 12), the
inflection point x0 and the curvature rr of the S-shaped

functions {Equation 19), which approximate a broken line
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25 the imge, according to Equation 24 in Fig. 26. Gv
has a - 35 value in arange from1.0 to 1.2. The
processi ng described above is perforned in a user
sel ection corrector in the saturation correction curve
generator 358 in Fig. 20. Then, the correction curve
is 5 generated in the sane nmanner as in the generation
of the saturation correction curve in the "Autonmatic"
node. 6-4-2 Inmage quality control in "Picture" node
Picture inmages generally hae igher contrast, but
have 10 |ower average |uminance than that of the
i mages on the TV screens. Accordingly, in order to
gach ewe dirblvimmgasrestaediighe limagbe tuedn thhea®lackesalrél of
the correction in the "Picture" node, the correction
Yriigy (78F eodnele i whitlohsiededattimen_BY, tdresecalculated in an S-
characteristics. 15 6-4-2-1 Bl ack-and-white | evel
IE&FF%@PF@HGFﬁé %ﬂ%ﬁﬂ%qtéveﬂIP§eHeF%r$ﬁ§ﬁa}| n the sane
manper as in. the bla % gnd white vel. correction in

the ﬁu%%ﬁ%?|Q@Vﬁﬂ§d8 d8Cri Be %F??? HIRIRCS TR T e

hi Veﬁénc magglés %'dag%@ezotﬂgceaﬂer&lgg Equation

usi n e white | evel Ynmax determ ned

mdrdhdN e Agggg@tékggvémde Wi c has a value in a range
from0.8 to 1.0. After the processing descri bed above

i's perforned as in the generation of the
bl ack-and-white | evel correction 25 curve in the
"Auttodalrz" Tworg ectrirept(Png. 12), the

As in the tone correction in the "Automatic” mode
described 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 fhe correction curve

resulting from the comkbination.

6-4-1-3 Saturation correction

The saturation is further enhanced in the image quality
control in the "TV" mode, compared with the correction}based‘
on the categorized information on the image in thé |
saturation correction in the "Automatic” mode described in

6-3-6. Accordingly, a gain coefficient kc TV for the

saturation correction is calculated from the gain

coefficient kc set based on the categorized information on

the image, according to Eguation 24 in Fig. 26. Gtv has a
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- 36 inflection point xO and the curvature rr of the
S-shaped functions (Equation 19), which approximate a

“broken line given by drawing a straight |ine between
the black level Ymn and the white |evel Ymax Pic,
are calculated in the S 5 shaped paraneter cal cul at or
(refer to Fig. ‘19). The imge having a hi gher contrast
and mai ntaining the halftones is captured after the
correction in the manner described above. 10 6-4-2-2
Tone correction The tone Totxection is perforned in
the sane manner as in the tone correction in the "TV'
node described in 6-4-1-2. 6-4-2-3 Saturation

va&lQfd det boradfe Theonsat.uWr atol @n2correction i s basically
performed in the sanme manner as in the saturation
cor Teet bopceesiord Wegorabed abqvsy, isTherdgruedt fond jwser
further enhanced in the image quality control in the

selmtigne corpaet o orfp dhed SRtERaEReT VTt io8n CHa%8d on

th t [ j nf ti he i 20 in_the,
A0, FECE T R bR on Do L mas 20 L. bess
oIS URPInl Pnl- Iafe AGEQUILA0LY, o GANLGRALE plelhe
ic_plc or ? e saturation correction 1s calcul ated

sdtadibe g8lpecenst fdshent nkensetabased i thee.
categori zed information on the image, according to
Equation 26 in Fig. 26. Gpic has a 25 value in a range
from1.0 to 1.2. - 37 The processing described above
i s perfdrnBohde qusd itgecontrol in “Picture" mode

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.

p—4-2-1 Black-and-white level correction

The black level is determined in the same manner as in
the black-and-white lével correction in thé "Automatic”™ mode
described in 6-3-4-1. A white level Ymax Pic is calculated
according to Equation 25 in Fig. 26 using the white level
Ymax determined in the "Automatic" mode. Wpic has a value
in a range from 0.8 to 1.0.

After the processing described above is performed, as
in the generation of the black-and-white level correction.

curve in the "Automatic" correction (Fig. 12), the
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_iﬁ&&dﬁﬂﬂ@@ pbens| kOleabdrt 6 duarvacantrot |ofhighe I$e-shaped
| Forti doser(Eqsatabe Ut 3t e drhicbo PHPRG 1A ey i terke7 1ipe
- ghTHt vaRdathng e | et iohtolieet PBRVESP tHe AR aEvet | f

sel ection corrector in the saturation correction curve
generator 358 in Fig. 20. Then, the correction curve
is generated in the same manner as in the generation
of the 5 saturation correction curve in the
"Automatic" node. 6-4-3 Tone control node by user Wen
the user selects the "Manual"” in the GUI operation
shown in Fig. 6, the user can control the contrast of
the 10 highlight in the inmage and the contrast of the
shadow in the inmge, as ShtPmT in Fig. 6B. 6-4-3-1

Bl ack-and-white .l evel correction As shown in Fig. 6B,
a black level Ymn User of the 15 image is corrected

contrast of the shadow. In this case, the bl ack | evel

Fig. 26 wusing the black level Ymn in the

node described in 6-3-4-1. 20 BKuser s_a.val ue

B G E5f 085S b e Saor oot He LR Y doef Eali
I b [ l.Lde; hag: 46,74 rom 0. 85

e e e e P R e 40 0 e

MexXirfdM R84 Nast: f o ke gphadeydtidsi NElemnhsa®hify Otne

A white | evel value Ynmax User of the inmage is
h£ofteriseds2chpbyrasi afrdrhehsl cderbatidbd frorthe manner

controlling the contrast of - 3 8 - the highlight. The
dewrizidpeldevbbv¥max User is calculated according to

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

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

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 6-4-1-2.

6-4-2-3 Saturation correction

The saturation correction is basically performed in the

same manner as in the saturation correction described in 6-

4-1-3. The saturation is further enhanced in the image
quality control in the "Picture” mode, compared with the

correction based on the categorized information on the image

" in the saturation correction in the "Autcmatic™ 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 based on the categorized information on
the image, according to Equation 26 in Fig. 26. Gpic has a

value in a range from 1.0 to 1.2.
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" Automati c" 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 User = 1.0). That is, the
- white level can be corrected, by using the slide bar
45, from 0.85 (the maxi mum contrast of the highlight)
to 1.15 (the m nimum contrast of the highlight) in
increnents of 0.05. 10 After the processing described
above is perfornmed, as in the generation of the
bl ack-and-white | evel corTettion curve in the
"Automatic" correction (Fig. 12), the inflection
poi nt xO and the curvature rr of the S shaped
f unahicopsolEgsaid aesk)ibedhbbbvapy @drmirmed hhokea user
line 15 given by drawing a straight |ine between the
shlexikidregekreyhpn Us ethearsd ture thvhn t ect evaliommwryser
are calculated in the S-shaped paraneter cal cul ator
IgRpFEen 9Ok g 19y: 424- IETFokeScHPFRRE T IO 2O TVRe 1S
tonei%%gnec&bon is perforned i,n Ege sane nner_.as in
ITHE 2'6iTe “‘Cof FECTTON WEEETT BEd 1'n -6 439°F %64 853 7¢
tio i o e . t w@f t i on
o e R el M e
amount of the bl ack-and-white |evel 39 correction
calculated in 6-4-3-1. Accordingly, a gain coefficient
kc_lsar3f orohdecamidtlaiods Boraesti on by the user is
cal culated fromthe gain coefficient kc set based on
t he Wbehegbei zeer | sdlmamst ithe BHantel'| nagehea&Pdr dpagatioon

5 Equation 29 in Fig. 26. Guser has a value in a range
shewymin Fig. 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 black level Ymin User of the
image is corrected by using the slide bar 46 for controlling
the contrast of the shadow. 1In this case, the black level
Ymin User is calculated according to Eguation 27 in Fig. 26
using the black level Ymin in the black-and-white level
correction 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 corrected; by using the slide bar 46,
from 0.85 (the minimum contrast of the shadow) fo 1.15 (the
maximum contrast of the shadow) in increments of 0.05.

A white level value Ymax User .of the image is corrected

by using the slide bar 45 for controlling the contrast of
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0.85 to 1.15. The value of Guser is determ ned
according to Equation 30 in Fig. 26 using the val ues
of BKuser and Wiwer, which vary with the control by
the use of the slide bars 45 and 26 for the highlight
and shadow i n the bl ack-and-white 10 | evel correction.
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 me manner as in the
generation of the 15 saturation correction curve in
the "Automatic" node. 6-5 Mnitoring of inmage after
tHeoond ghdligiet i onhé nefigfe leoeli Ymad)Udde dismagdsulated
corrected in the manners described above are 20
am%memi ﬁq@aeimﬁ&wdm FRear 28i gpEhs the thd tRGBevel
a YcbCr/ RGB conversion processor 312 in the

- YI??@?‘IIJ{DOIthGI BpRaEY- arpc#d@é@ﬁ AGVeLr eaFFesaionid ihe

| d,to the. LCD d _displ t .
‘%Lico Rgimvor SPBR 1 CHE V0BG, FREET Sy STon J5r Bodassr »
5, POLLAY 2536501 HNG-0:B TR ity 26, PRSI ckBas 1.0,
e

uat i on ig. 26 I NVEeT se -

Ymat;atdslex: of 1t be. Matrd X jUSe@nkNyEaHat 18R 17 .cdn/ beFEatHESS:d,
of digital still canera described above) (1) Since the -

biRAMith, thei ehidé s 49he frpage. At atha Mdxemuln contrast
scene-reference col or space format, that is, the

Oﬂeibimighﬂﬁebt)ihagbJdaﬂahEnmﬁhémBmF@§§¢@mﬁnpfiﬁhehe
above descrlptlon IS prOV|ded inthe digital stil

h%ﬁﬂ%&g&t t BB increments of 0

After the processing described above is performed, as
in the generation of the black-and-white level correction
curve in the "Automatic" 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

Yrin 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 Saturation correction
The amount of the saturation correction is determined

in accordance with the amount of the black-and-white level
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user can control the white bal ance of the inmage only
with the digital still canera on site after the inage
capture 10 without using a personal conputer or "image
correction and processing software”. (2) Simlarly,
the user can correct the tone and saturation of the

image only with the digital still canera on site
after the image capture. 15 (3) Even when the inmge is
captured by another digital still canera, copying the

image data in the flash menbty 20 allows the white

bal ance of the image to be controlled owing to the

provision of the RAM 15. (4) Simlarly, even when the
congeciios: captuletedyiraroetdherl.20adegrdalglist,i lal geaner a,

copying the image data in the flash nenory 20 all ows
codie itppatahe_Yatur ey dheofsathisatangeceor - icwobyethed.

(5) Since the captured_ inage is corrected based on the
ugatisGedanlahaf yET dihe Beitnaget ihelttthd™t 6fé RAgegson

t Satcuarta(l:t | ?:r:]ng]:i E_hgo:icn%q:rgieoni Séna%&igm%}ni Cgl ! c:ccoq:rdri%%t %9’
?%e - Ef quall?les ol Vvarl ous cap?%rb i mages “can be

Ed RS W hhes i gher RrRabiLit Y. (£ H)e The LULGEt EPBN

urve generated by conbining the S-shaped function

o &y dda .haverigd wsharad cudset k 9Nyd Se Msfkd BBRdOng to

tone correction, so that the highlight of the inage
Eqartine 30oinefled 2hdepiendeht ohltbe shatwesf ahbHeWuwer,
. image to sone extent.
which vary with the control by the use of the slide bars 45
and 26 for the highlight and shadow in the black-and-white
level correction.
The processing described above is performed in the user

selection corrector in the saturation correction curve

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

generated in the same manner as in the generation of the

saturation correctlion curve in the "Automatic" mode.

6-5 Monitoring of image after tone correction (refer
to Fig. 4)

The images corrected in the manners described above are
converted into 8-bit nonlinear signals in the RGB feormat in
a YcbCr/RGB conversion processor 312 in the monitor display
processing circuit 31, and are suppliéd to the LCD 32 and
displayed as the images. The conversion in the YcbCr/RGB
conversion processor is performed according to a matrix

operation in Equation 31 in Fig. 26. M3-1 is the inverse
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(7) Even a | owend user who does not have sufficient
knowhow .for correcting the tone or saturation of the
captured imge 10 can autonmatically correct a failed
image with sinple GU operations. (8) Hi gh-end user
who has a certain anpbunt of knowhow for correcting
the tone or saturation of the captured i mage can al so
sinmply correct the inage to his/her taste with GU 15
operations. (9) Television-like inmges or ,
filmcanera-like i mages actbrding to the preference

. of the user can be produced by the correction with
sinple GU operations. 20 (8. others) Wen the CCD

naege cender mitrinchksmibsint MoeetCCD Vmage sensors
corresponding to the three primary colors in the
digital still canera described above, the denosaic

ﬁ;ocessing circuit 12 is _not necessary.,L The fl ash
ChenfsidF 6528 naybrh Fendv SBMETAefDr§F Lt 2PS0ER as a

ry stick,s..4 (reqi.stered_t e . .
s R e TP e Ny s BB TR S eadp e
s OB 20 HRY P61 QMU d G AReXT eRARl s deviie16-gueh

as a personal conputer or a printer, through a USB or

1ihend iikRged dhbhSin of nAlIERE aoi-RBt Usedcid) abive
Description] AWB: Auto Wite Bal ance CCD: Charge
déSoerpilped cbeviicepr GRIdeCatrhade BRayifabestill camera, the

user can control the white balance of the image only with

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 image only with the digital still camera on site
after the image capture.

{3) Even when the image is captured by another digital still
camera, copying the image data in the flash memory 20 allows

the white balance of the image to be controlled owing to the

provision of the RAM 15.

(4) Similarly, even when the image is captured by another
digital still camera, copying the image data in the flash
memory 20 allows the tone and saturation of the image to be
corrected.

{5} Since the captured image is corrected based on the
statistical analysis of the image when the tone and

saturation of the image is automatically corrected, the
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'DCF: Design rule for Canera File Format 10 GU:
G aphi cal -User Interface JPEG Joint Photographic
Experts G oup LCD: Liquid Crystal Display RAM Random

- Access Menory ROM Read Only Menory 15 scRGB:

rel ati ve SCene RGB col or space TV: TeleVision USB:
Uni versal Serial Bus Industrial Applicability 20
According to the present invention, since the menory,
which stores the image data in the scene-reference
col or space format, is pro¥ided in the digital stil
canera, the wuser can control the white bal ance of the
i mage and/or can correct the tone and saturation of

ghéet i iegef oakyoustdapther?b idiagetatasthd | inganmeed enth
site after the inmage capture. In - 43 addition, even

higiesr tHrebiapadétys captured by another digital stiII
canera t he white bal ance, tone, and saturat

(P hrelee CATTBETEBRr SRTER. G%i%ééetﬂhEYt OB HS S S Ff—}ﬁped
fgﬁ%t?“sq"gag'f ke piarRld g aased,on: She SLallstihohe

o ) 19 t h can
9 ob&{aﬁ%‘:t%gf 58%5’@ ﬂf{g’ H%ed i Ut b h&rgé‘%mage be

ty he correction curve generated by
c&PR NG niBgeashepst HiNGh-0B8waBe the iRy ted some

S-shaped function is used in the tone correction, so

ekféﬁtlhe

(7) Even a low-end user who does not have sufficient knowhow
for correcting the tone or saturation of the captured image
can automatically correct a failed image with simpie GUI
operations.

(8) High-end user who has a certain amount of knowhow for
correcting the tone or saturation of the captured image can
alsco simply correct the image to his/her taste with GUI
operations.

{9} Television-like images or film-camera-like images
according to the preférence of the user can be produced by

the correction with simple GUI operations.

(8. Others)
When the CCD image sensor 11 includes three CCD image

sensors corresponding to the three primary colors in the

digital still camera described above, the demosaic

processing circuit 12 is not necessary. The flash memory 20

may be a removable memory card, such as a memory stick




10

15

20

25

10 highlight of the inage can be corrected i ndependent
of the shadow of the inmage to sone extent. Even a
| ow- end user who does not have sufficient knowhow for
correcting the tone or saturation can automatically
correct the tone or saturation of a failed 15 i nage
W th sinple QU operations. Furthernore, a high-end
user who has a certain anpunt of knowhow for
correcting the tone or saturation can also correct
the image to his/her taste!?ith GU operations
Tel evision-like inmages or film canera-like imges
according to the preference of the user 20 can be
(prgidueeddoy raiemsok Y ectirtheirinbrs} npthe iBdgeoplrtat sbosed
- 44 CLAIMS 1. Adigital still canera conprisin
in éiorfdryhnerbeyy s Oy Hemagérdht o oin a%ﬁiﬁerf@@é %@Vicg,
whi ch tone correction is to be perforned in scene-
Syt éSeRc8°E8PBRT s‘f)%{'t‘:@tfeo’:r iret 2 Hrf"éﬁ%%'abtlkéfci”@@o fdPRg °r
tneq_%p1stor|ng the image. data of the image for which
e 't'orie correction is to be performed in the

sceQ%lgﬁf SF G- LRI Q1 3PBEEAS OF Bl s fmcﬂ& pRibane

correction circuit, whereln the 1 nmge ata is read out

fromyhe A@f@q-,nglraé H1ERREY or the recording nediumto
performthe tone correction for the readout inmage

dat acbn tbteat@necagrleecDeohceci rcuit, and the i nage
data resulting fromthe tone 15 correction is recorded
i n €RE:r cCatritbdry HeadiTuive

DC¥: Design rule for Camera File Format
GUI: Graphical User Interface

JPEG: Joint Photographic Experts Group
ICD: Liguid Crystal Display

RAM: Random Access Memory

ROM: Read Only Memory

scRGB: relative SCene RGB color space
TV: TeleVision

USB: Universal Serial Bus

Industrial Applicability

- According to the present invention, since the memory,
which stores the image data in the scene-reference color
gspace format, iz provided in the digital still camera, the
user can control the white balance of the image and/or can
correct the tone and saturation of the image, only with the

digital still camera on site after the image capture. 1In
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2. The digital still canera according to Claiml,
further conprising: a white-bal ance fine tuning
circuit for fine-tuning a white bal ance of the inage
data, 20 wherein the inmage data read out fromthe
tenporary nenory or the recording nediumis supplied
to the white- balance fine tuning circuit to fine-tune
the white bal ance, and the inmage data resulting from
the fine tuning is recorded in the recordi ng medi um
25 3. The digital still carféra according to Claim 2,
further - 45 conprising: a display, wherein the
i mge data output fromthe white-balance fine tuning
addirtduint, esesuppdh ethd drizle dssphpyutsad dspinaythed 8hgital
result of the fine tuning in the white-bal ance fine
stiddi wgneireeuthe i whitte bdileplay . tdne Thndligittuglatdpn| ¢f the
canmera according to Claim1, wherein the tone
inage SOF BR EPFEEFtehas a plurality of selectable tone

{ t t d t h 0
¢ eadoarS | MEGe I 4T SHCPELREEt b GHEMBF LEAR  one
ccgrc.)crerc%ghl BQS&%%I@%I‘% tatﬁ%zlg? g'rﬁ f&}sglg %f %&’1' ! Lma%e,

canera accordi ng to al m conprisin
cHl awaqxtlégdoﬂ%m&ge@ytgeeanirsac_%,fs &ddMoef Uhproved

sel ecting one of the

with higher probability. The correction curve generated by
combining the S-shaped function and the inverted S-shaped
function is used in the tone correétion, so that the
highlight of the image can be corrected independent'of the
shadow of the image to some extent. | |

Even a low-end user who does not have sufficient
knowhow for correcting the tone or saturation can
automatically‘correct the tone or saturation of a failed
image with simple GUI operations. Furthermocre, a high-end
user who has a certain amount of knowhow for correcting the
tone or saturation can also correct the image to his/her
taste with GUI operations. Television-like images or film-

camera-like images according to the preference of the user

can be produced by the correction with simple GUY operations.
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tone correction characteristics, wherein the operation
state in the operation unit is displayed in the
di splay. -‘6.. The digital still camera according to
Caim4, 20 wherein a statistical analysis is
performed for a |um nance conponent of the readout
i mge data, and wherein one of the tone correction _
characteristics is selected according to the analysis
result to performthe tone correction. 25 7. The
‘digital still camera according to daim4, - 46
wherein the digital still canmera has a characteristic
in which an inmage output to a display or a printer has
hi gh average | um nance, duzglmscontrast, and hi gh
saturation, as one of the tone correction
characteristics. 5 8. The digital still canera
caccording to Claim4, wherein the digital stil
daweﬁadﬁ§§talcﬁ%}%&nQ9m%ﬂﬁ SOmPﬁlﬁhW%h an i mage output
to a or a p rin has, hi %ge I um nan

andahlﬁﬂ 5%f¥é§?nlﬁé ﬁgl%? H &?%a r FEctTon” o
whfgﬂ' %h%rhgkk%§tlgﬁ%€% £ENged] gkfﬁbﬂéﬁ"ﬂ C%@%E@u

according to mhere dlglt stil

r&mbachasiarc g%%égﬁﬁﬁfhékuc i n which the tone of a
shadow or a highlight of the image is preferentially

cor reebrdvalsbe ane-cafdihhent@hen coudEialg ahe image data of
characteristics. 15 10. The digital still canmera
thec dordiendot ovwiti @i nille 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
correction for the readout image data in the tone correction
éircuit, and the image data resulting frqm the tone
correction is recorded in the recording medium.

2. The digital still camera according to Claim 1, further

comprising:

a white-balance fine tuning circuit for fine-tuning a
white balance of the image data,

wherein the image data read out from the temporary
ﬁemory or the recording medium is supplied to the white-
balance fine tuning circuit to fine-tune the white balance,
and thé image data resulting from the fine tuning is
recorded in the recording medium.

3. The digital still camera according to Claim 2, further
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wherei n-a conbi nati on of an S-shaped function and an
inverted S-shaped function is used as. a tone
correction characteristic. 11. An inmage correction
nmet hod conprising the steps of: 20 storing inmage data
of an image for which tone correction is to be
performed in a tenporary nenory and a renovable
recording mediumin a scene-reference col or space
‘format; performng the tone correction for the inage
data 25 stored in the tenpdtary menory or the
recordi ng nediunand - 47 recording the inage data
resulting fromthe tone correction in the recording
comgdiiwingt?2. The inmage correction nmethod according to
Gaim1l, further conprising the steps of: 5
fi né- BiAPhEYa white bal ance of the |nage data read out

fro the tenporary menory; and r cor h _
(ot HOPESHIL THG FIAA 6o PREDE B agh B PheCPebBr oty |
d 3 t t di
TR i P AP T LR
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image data is corrected with respect to one of

iRy Corkaeti ON ehardciarystics. 14, The | mage
correction nethod according to Claim 13, 15 wherein
dne Ghet Hégibat sorlleckimemacharacdeng std ¢Haiis 1,

wherein the tone correction circuit has a plurality of

selectable tone correction characteristics and corrects the

readout image data with respect to one of the tone

correction 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 c¢peration state in the operation unit is
displayed in_the display.
6. The digital still camera according to Claim 4,

wherein a statistical analysis is performed for a

Jluminance component of the readout image data, and

wherein one of the tone correction characteristics is
selected according teo the analysis result to perform the
tone correction.

7. The digital still camera according to Claim 4,
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sel ected by operating a GU . The inage correction

nmet hod, wherein a statistical analysis is perforned
for a |um nance conponent of the readout image dat a,
and 20 wherein one of the tone correction _
characteristics is selected according to the anal ysis
result to performthe tone correction. 15. The inmge
correction nethod according to aim13, wherein a
statistical analysis is perforned for a 25 |um nance
conmponent of the readout Tﬁ%@é’data, and - 48 wherein
one of the tone correction characteristics is

sel ected according to the analysis result to perform

t he whegréncone e€igiorml B&ilTheanawgeraora ebhirentael hiode
according to Claim13, 5 wherein the inmage correction

ipetHed: [#8s tRagehet BR% terlis i ElsRlgHi eh arPiidge baephioh

to a displ.ay or . printer has high average | uninance,
YT T ORET RSP ant it GIPP AT Y AT OnT ER T FRe 25
r 0 cter . The i mage
m%%?%;g?%b%%h%t %gl%%%3%Hf%%&%%%%fégﬁ%%gj 10 wherein
the ITRIGiGERECLEONM MRERAY hagoddi fharcdigfinsta, C in
whi ch an inmage output to a display or a printer has
hi glvhavehiagehd uidianae sandl htghe €9MdASE chagaeberiofic -
the tone correction characteristics. 18. The inmage
irc ortriendt icon ineghodkigooorti kg diepChai or 128, pritiewhbérei high
the image correction nethod has a

average luminance and high contrast, as one of the tone

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 digital still camera according to Claim 1,
wherein a combination of an S-shaped function and an
inverted S-shaped functioﬁ is used as a tone correction
chéracteristic.
11. An image correction method comprising the steps of:
storing image data of an image for which tomne
cofrection is to be perfbrmed in a temporary memcry and a
removable recording medium in a scene-reference color space
format;

performing the tone correction for the image data

stored in the temporary memory or the recording medium; and
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characteristic in which the tone of a shadow or a

hi ghlight of the image is preferentially corrected,
as one of the tone «correction characteristics. 19.
The i mage correction nmethod according to Caim1l, 20
wherei n a conbi nati on of an S-shaped function and an
inverted S-shaped function is used as a tone
correction characteristic.

- 47 -

recording the image data resulting from the tone
correction in the recording medium.
12. The image correction method according to Claim 11,
further comprising the steps of:
fine-tuning a white balance of the image data read out
from the temporary memory; and
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 characteristiqs
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 is
selected by operating a GUI.
The image correction method,
wherein a statistical analysis is performed for a
luminance component of the readout image data, and
wherein one of the tone correction characteristics is
selected according to thé analysis result to perform the
tone correction.
15. The image correction method according to Claim 13,
wherein a statistical analysis is performed for a

luminance component of the readout image data, and
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| wherein one of the tone correction characteristics is
selected according to the analysis result to perform the
tone correction.
16. 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, 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 correction method according to Claim 13,

wherein the image correction method 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.
19, The image correcticn method according to Claim 11,
wherein a combination of an S-shaped function and an
inverted S-shaped function is used as a tone correction

characteristic.




