SO05PMO35 DESCRI PTI ON  SI GNAL PROCESSI NG APPARATUS AND
METHOD, AND PROGRAM Technical Field The present
invention relates to a signal processing apparatus, a
signal processing nmethod, and a program and nDr§05P0935
- particularly to a signal processing apparatus,

si gnal processing nethod, and a program for

- expressing colors in a col or range w der than a
conventional color range in the processing of an inmage
signal. Background Art In recent years, advances in
the image processing teghal@gyoRave achi eved hi gher
image quality in video caneras for capturing and
recordi ng i mages and television receivers for

di spl ayi ng captured i mages, and have made it possible

f @Iamnes eRbCESSRR: CRTRNRAS UBNAND QlfeMich, ORND BREENSHS O
reproduce sharper images than conventional video

caneras and television receivers. FIG 1 of the
acconpanyi ng drawi ngs shows an AV (Audio Visual)

sysi-emy bRl woing a video canera and a tel evision
receiver. In FIG 1, a signal of an inmage 1 505P0935

capt ur edriyy pe¥ed@0i RSB forl el aSHPPEL e $hnopgh a
“recording nedium 11 or a network 12 to a television
processing apparatus, a signal processing method, and a
program, and more particularly to a signal processing
apparatus, a signal processing method, and a program for
expressing colors in a color range wider than a

conventional color range in the processing of an image

signal.

Background Art

In recent years, advances in the image processing
technology have achieved higher image quality in video
cameras for capturing and recording images and television
receivers for displaying captured images, and have made
it possible for present video cameras and television
feceivers to reproduce sharper images than conventional
video cameras. and television receivers.

FIG. 1 of the accompaﬁying drawings shows an AV
(Audio Visual) system including a video camera and a

television receiver. In FIG. 1, a signal of an image




receiver 2, which displays the i mage captured by the
video canera 1. Details of the video canera | and the
television receiver 2. will be described below wth
reference to FIGS. 2 and 3 of the acconpanying

drawi ngs. FIG 2 shows in block formdetails of tHPFO235
video canera 1 illustrated in FIG 1.. The video

canmera 1 perforns its processing operation according

to predeterm ned standards (e.g., ITUR

(I'nternational Tel econmuni cation Union

( S R S R R T ?‘Zg %U§ yhee
o705y P T R0 aL BRERRE e CirLGTE

2SLBITBE b2, BOSFEASECEAL Aol SERNLDg B9 i

ORSALI hneHRif 21, an immge capturing unit 22, an A/D
converter 23, “a primary color converter 24, a color

signal  GIAGLONL 25 @b@%otc%?de%%t erngga{]édc%a%%léﬁgna

col or si gnal converter an enco contro

2908 F€F£ 05 dg1 1 B0he ade%&lbgagﬂgmbg%aeﬂ H&V%re%%f Iherigs.

operation unit 21 Ts operated by the Gser

SOSREE 3P éﬁﬁjﬂ§%ﬁxﬁ&b§£§l b QS of nds into the

"video canera 1. The operation unit 21 supplies
signal s gepr eseablR%id M ock form details of the video

camera 1 illustrated in FIG. 1. The video camera 1
performs its processing operation according to
predetermined standards (e.g., ITU-R (International
Telecommunication Union Radiocommunication sector) BT
(Broadcasting service (Television)).601 (hereinafter
referred to as BT.601) or ITU-R BT.709 (hereinafter
referred to as BT.708)). It is assumed here that the
video camera 1 performs its processing operation
according to BT.709.

In FIG. 2, the video camera 1 includes a operation
unit721, an image capturing unit 22, an A/D converter 23,
a primary color converter 24, a color signal corrector 25,
a photoelectri; transducer 26, a color signal converter
27, an encoder 28, a controller 29, a recorder 30, and a
communication unit 31.

The operation unit 21 is operated by the user when




execution of processing sequences that are indicated
by the operation by the user of the operation unit
21, to blocks that performthe respective processing
sequences. For exanple, the operation unit 21
supplies the image capturing unit 22 with a signap5r0935
representing the capturing of an image, and al so
supplies the controller 29 with a signal representing
a destination of a signal (hereinafter referred to as
an image signal) indicative of an image captured by
the i mage capturlng unit 22. The inmage capturing -unit
othg AT 6RTeFBpEaBiPUS wepBaBapt iRFag-s d6es Camera 1.
accordln% to an instruction from the operation unit
215 hergpe; rRGE" cEpturi ng UERlL Ee 225 1t iepranerhige the
SI nal |nd|cat|ve of an inmage captured by the ima e
UTTHGIURF t PR T e SAEPPY PRI L BTG fapycated by
onverter 23. The inmage capturing unit 22 includes a
u\% P@SﬁﬁFéﬂ%n‘?BérRhwaF ki Hlee smaddrgupdE) 21, to
Ea% (Charge Coupl ed Device), or the I|ike,
&]prEPet cl%%ﬁoel} Ghal ESPPeEt i REFesSElBENSCARSS -
an i ma nal . The A/ D converter 23 converts
o5 ERGe o SlRe=EiEDI i frioRER g nee

ca ring unlt |taI col or signals, and
L‘#O&B%P’éﬁ Jdi éz% tgo 1 AP HEG BB PEORES t he
converter 2 The col qr S|gnals R,

t Ff'&? L A5 T o d e PR 215 CoRParesr the cenie Loz

PLigMRE Y col or cqpverter 24 are referred to as col.or
h"a signal representing a destination of a signal

(hereinafter referred to as an image signal) indicative
| of an image captured by the image capturing unit 22.
| The image capturing unit 22 starts or stops an
image capturing process according to an instruction from
the operation unit 21. The image capturing unit 22
.supplies an image signal indicative of an image captured
by the image capturing unit 22 to the A/D
(Analog/Digital) converter 23. The image capturing unit
22 includes a CMOS {Complementary Metal Oxide
Semiconductor) imager, a CCD (Charge Coupled Device), or
the like, and outputs color signals R, G, B (Red, Green,
Blue) as an image signal.
The A/D converter 23 converts analog color signals
supplied from the image capturing unit 22 into digital

color signals, and supplies the digital color signals to
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signals Rorg, CGorgr Borg. The primary col or converter

24 converts the color signals Rorgr Gorg, Borg

supplied fromthe A/D converter 23 - into color signals

R, 09i Gr09, B709 based on primary col ors under 50520935
BT. 709, and supplies the color signals R709, Gr09;
B709 to the color signal corrector 25. Specifically,

the primary col or converter 24 converts the color
signals Gorg, Borg supplied fromthe A/D converter 23
into color signals R709, Gr09, B709 based on primary
COLRE Sp Ak 0 i t |
equatis%n@[{(%%x C%{Ozlg?lg‘g%g{& ?g‘$381fﬂlﬁ%.%gég%] %\Oﬁbﬂghﬁf’ G B
1250 < Qp16Ed cxf Ghadr 1080ccd 221 L. The

matri xes of the equation (1) differ deper ~on the
Pr b B 1€ HoQbrPeL I Syt - th1e S BRYErEAPLAINI NG JURILE 5 22.

The col or signal corrector 25 corrects the color

si g5 sREQY, &709,88709 supplied fromthe primary
color converter 24 into color signals R709, G709,

B709 in @nhe w&%‘éfgboﬁéﬁggoﬁﬁm& 0 bo@vdetingd color

according to BT. Specifically, the color signa

COHIRLNRr R2T, COLL LGS, %Q?E@%é £04RTE1R WY $ofF0Per 23
- G709, B709 which are smaller than 0 into
into color signals Rige, Gr0s, Bope based on primary colors
under BT.709, and supplies the color signals Rigs, Guos,
Bigs to the color signal corrector 25. Specifically, the
primary color converter 24 converts the color signals Rorg,
Gorgr Borg supplied from the A/D converter 23 into color
signals Rups, Guos, Bros based on primary colors under
BT.709 according to the following equation (1):
o N
ﬁ.ﬁrgx{:
Borg ) L

L1113

(Byg) [ 15068 ~0.8351 0.0283"
|Gy =| ~0. 1484 1.2250 ~6.0705
\Brg [-C:0181 ~0 1086 1.1237 |

The matrixes of the equation (1) diffe£ depending
on the primary color points of the image capturing ﬁnit
22,

The color signal corrector 25 corrects the color
signal.s Ri09, G0, Bros supplied from the primary color
converter 24 into c_olor signals Rige, Gige, Brgs in a
numerical range from 0 to 1.0 defined according to BT.709.

Specifically, the color signal corrector 25 corrects
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0, i.e., clips color signals R709, color signals R709,
| Gr09, B709 Gr09, B709, and corrects which are greater
| than 1.0 into 1.0, and supplies the corrected col or
ﬁ signals R709, Gr09, B709 to the photoelectric S05P0935
transducer 26. It is assuned that the nunerical values
O, 1.0 of the nunerical range fromO to 1.0 are
m ni mum and maxi mum val ues, respectively, of the
color signals R709, Gr09, B709 according to BT.709.
The photoel ectric transducer 26 converts the col or

si gitads R sFHQY, BI09 BpPRhi ed éf@@r&ahqegoltﬁén 0 into
signal corrector 25 into color signals R 709, G 709,

B' 7,09 .tshat calips €I ti@fhaMst B, 4 hes.y, Ovafb dibsRl 8Yrrects
mechani sm of B. 709 (the nonllnearlty of |ght em ssi on
| wilmancagnkll RESPEst.,t 8,0t heibnage j-aaaky 8rserding
to photoelectric transducer characteristics according
t drBb 709, and swpilliiees thBecoepaverd edi16e! Qigﬁéggl%g
R 709, G 709 B' 709 to the color signal converter 7.
Sred, f Beal Ly, thdhehHteboeteet &i €rdlisducet. 26t is
converts the color signals R709, Gr09, B709 into col or
‘siagsanedREHY, tHe HIe rBcZ09vareas di,ng  Hookhend ohhewiing 1
equation (2) and supplies the converted col or signals
range from 0 to 1.0 are minimum and maximum values,

respectively, of the color signals Rigs, Guos, Bios
according te BT.709.

The photoelectric transducer 26 converts the color
signals Rigs, Gros, Bros supplied from the color signal
corrector 25 into color signals R'sgs, G'70a, B'709 that are
corrected with the y of a display mechanism of B.709 (the
nonlinearity of light emission luminance with respect to
the image signal) according to photoelectric transducer
characteristics according to BT.709, and supplies the
converted color signals R'7gs, G'70s, B'7g9 to the color
signal converter 27.

'Specifically, the photoelectric transducer 26
converts the color signals Rigs, Gige, Bigs into color
signals R'70s, G090, B'70e according to the following
equation (2) and supplies the converted color signals

R'709, -G"70s, B'709 to the color signal converter 27:




R 709, G 709, B 709 to the color signal converter

27: 5 SO5P™35 1. x 1 1) I, -0o. g~ 0, P1 a - 8709 1.

-0 R 709 4;5 7 Ra . 018 The photoel ectric transducer
characteristics between the color signal 8709 and the
color signal R 709 are defined in the range fron§3H9935
m ni rum val ue to the maxi nrum val ue of the col or

signal R709 according to BT.709, i.e., in the range
fromO to 1.0. The photoel ectric transducer
characteristics between the color signal G/09 and the

colgar. .sk L oS 1% the p | ectrj g, transducer
ch5%§%1&3$§f5§%5betag%% t he 2%?@?*3@@%%*95709 and the

cofge BFgidieB' 709 are al so si nid &Rpy<dePithed. The
col or signal converter 27 converts2the color signals

R 709, q‘l?eo 33&10?0%:9% ct kR l 1Li:readnsf Ju%rgétn gSa%,abgégrngsn C'tcgsiolc or

transducer nto a I'um nance si
BT. 709

di}:]ceft%rggﬂcghec‘ i ® 5 'ntégngecrgéch? gthuendcgnglogwmglﬁ%l R'"7g09

accor_ Ing to e equa |o_n Shown

B BEELALE Lty SO o, (00,908 L0 20
S0l 08 o] 00RE S g,
. mit.Ei.Z(eﬁ Offhé r]:ean%%u%trioﬁn(}(gg lard3 n@fléiﬁ(ﬁgtoelectric
transducer characteristics between the color signal Gugs
and the color signal G'sss and the photoelectric

transducer characteristics between the color signal Bags
an.d the color signal B'ygs are also similarly defined.

The color signal converter 27 converts the color
signals R'709, G'70s, B'7g9 supplied from the photoelectric
transducer 26 into a luminance signal Y'ss and color

difference signals Cb'9s, Cr'7ps under BT.709 according to
the equation (3) shown below, and supplies the luminance

signal Y'709 and the color difference signals Cb'7gs, CI'70s,

each expressed in 8 bits, to the encoder 28.
S N N L
Pig Y [ 0.2136 0.7182 0.0722)(R'e)
Cb'spe |=] ~0. 1146 —0.3854 0. 5000 || &'y

. 0.5000 ~0, 4842 -0, 0458 ;| By }

| RO 1)

.GTF?;;@__ P

The matrixes of the eguation (3) are matrixes
prescribed for 1125/60/2:1 Signal Format under BT.709.

According to BT.709, the luminance signal Y'sps




prescribed for 1125/60/2:1 Signal Format under BT. 709.
According to BT.709, the |um nance signal Y 709 6
S05P0935 generated by the col or signal converter 27
according to the equation (3) is of value in a

nunerical range from0 to 1.0. Each of the col or S0°F0935
difference signals Cb' 709, C'709 generated by the
col or signal converter 27 according to the equation
(3) is of value in a nunerical range from -0.51to
0.5. Furthernore, the color signal converter 27

ASghinedds,] VALDADES: Slighah Yopf09el dhe TR bsal,

range fromOQ ener a

sigpale fRAVSH €8y 27 c?ﬁ%%f%' ngLn ? 108, £9uat Ir%%ggs%r%g)

an integral value In an integral range Trom

which ics SaRbh &f tﬁ%”céﬂor'&%fﬁéﬁénéeaﬁgg FQ

that can be expressed in 8 . and s 'ﬂ% ¥r0s

| WarRanGeasbgnghe Yoo td ghaisco 1&ﬂ?%7tggkggd%ng to

integral vallue as a Iun1n nce S|gn accordi ng

BEhEO%qbgttleﬁ @@Fopse E@e %Ox{urr?érgﬂgll rgﬁg¥e%)o%(

7 assigns each of the co erence signa
70%.5C&07@95[n t he nunerlcal range from-0.5to 0. 5,
which is generated by the color signal converter 27

accor di ngythdherequabd 0 {3 1sil@adnbtegr &l E%%i&ﬂs

an integral range from16 to 240 which is snm

t haa lhﬁlnaﬂ&@giﬁﬁné&a@g%)fiﬁn%ﬂktﬂ%n%§§cghakaﬁag fgﬁm "]
expressed in 8 bits, nd supplies the col or
dichf er epcen ségnad %eggrzggd by the color signal converter
27 according to the equation (3), to an integral value in
an integral range from 16 to 235 which is smaller than an
integral range from 0 to 255 that can be expressed in 8
bits, and supplies the luminance signal Y',9¢ that is
-assigned to the integral value as a luminance signal
according to BT.709 to the encoder 28. The color signal
converter 27 assigns each of the color difference signals
Cb'09, Cr'7os in the numerical range from -0.5 to 0.5,
which is generated by the color signal converter 27
according to the equation (3), to an integral value in an
integral range from 16 to 240 which is smaller than the
integral range from 0 to 255 that can be expressed in 8
bits, and supplies the color difference signals Cb'qgs,

Cr'+0s that are assigned to the integral value as color

difference signals according to BT.709 to the encoder 28.




Cr' 709 that are assigned to the integral value as

color difference signals according to BT.709 to the
encoder 28. 7 SO5PM35 The encode-r' 28 encodes the

| um nance signal Y 709 and the color difference gpspposs
signals Cb' 709, C'709, each in 8 bits, supplied
fromthe color signal converter 27 according to a
predeterm ned format, for exanple, such as 'MPEG
(Moving Picture Experts G oup) and supplies the

resul tant encoded data to the controller 29. The

cont r ol | Bhe 2&ncufrpt 128s ehhedencaded waananceuppdnld ¥ e
t he encoder 28 to the recorder 30 or the
communiteatpdnrudi ffSdermecaidhagst Ob &Ry ,i MAt'RuGt e@Bh f 108
the operation unit 21. The recorder 30 records the
eneidond sdaraisdpptéredhe codptheigmat raddvwe-t29 27 t he
recordi ng medium 11 shown in FIG 1. The
commarddagi on arpreEarmansdi fsrtdte, eftcodedmgdbéa such as
supplied fromthe controller 29 through the network

1 21B%ovitlovhn§| B ctiurdFEGpeBt s héwsup n dldckppdi ez t tes
television receiver 2 shown in FIG 1. The tel evision
r s EanR peeddadrelatis to. phecesstirg lepePat i on
according to predeterm ned standards (e.g., BT.601 or
BT. 709) .Tha domtgyeoddmed2herwmrtliats the teteddididata
receiver 2 perfornms its processing operation

actpprding frerBTLIRO$ncAdeshddwtd i Gec®rdehe30 or the

tel evision receiver 2
communication unit 31 according to an instruction from

the operation unit 21.

The recorder 30 records the encoded data supplied
from the controller 29 in the recording medium 11 shown
in.FIG. 1. The communication unit 31 transmits the
encoded daté suppiied from the controller 29 through the
network 12 shown in FIG. 1.

FIG. 3 shows in block form the television receiver

2 shown in FIG. 1. The television receiver 2 performs its
processing operation according to predetermined standards
{e.g., BT.601 or BT.709). ‘It i8 assumed here that the
television receiver 2 performs its processing operation
according to BT, 709,

| As shown in FIG. 3, the television receiver 2
includes an image signal input unit 41, a luminance and

color difference signal converter 42, an inherent v
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i ncludes an image signal input unit 41, a |um nance
and color difference signal converter 42, an inherent
y 8 SOSP0935 characteristics corrector 43, a DA
converter 44, and a display mechanism45. The inBgepng3s
signal input unit 41 receives encoded data reproduce
fromthe recording nmedium 1l or transmtted fromthe
network 12. The image signal input unit 41 also
decodes the encoded data according to a predeterm ned
format such as MPEG for exanple, and supplies a

| ushananeersisgias Yorowid 469l ar pgi fftRnaer WIS a
Cb' 709, C' 709, each expressed in 8 bits, according

. t i SLaf0RecbhCédm ar®e, produced fromthe decoded dat a,
to the [um nance and col or difference signa

convert eThé 2imabee digtbnangeuanchiaolsar rdick 8£8NGoded

“signal converter 42 converts the |umi nance signa

Y 0% aegrobeced| from diHef ecepei si gl isiCh'1- 609,
Cr' 709 supplied fromthe inmage signal input unit 41
i ntrancoletedi fial HE HR™vo6k 709, Bhéogmayadesrq Bl 10Qut
according to the equation (4) shown bel ow, and
supplti @8 aheo cidarrdesi ghal snBdddHat@ EGrcBrdBnd 0 t
the inherent y characteristics corrector 43. I'. WO
Oprédbteriined forhal ¥huchKO0ad MEEG,0GQQ <Rimp8d3 ariy 4682
I b'709 1,0000 Lm 0O, 000 74A |

supplies a luminance signal Y'sps and color difference

signals Cb'70s, Cr'sps, each expressed in 8 bits, according

~ to BT.709, which are produced from the decoded data, to

the luminance and color difference signal converter 42,

The lumiﬁance and color difference signal converter
42 converts the luminance signal Y'74s and the color
difference signals Cb'09, Cr'70o supplied from the image
signal input unit 41 into coléer signals R'70s, G'70s, B'70s
under BT.709 according to the equation (4) Shown below,
and supplies the color signals R'ige, G'700, B'70s to the
inherent vy characteristics corrector 43.

eﬁg\ [ 1.0000 0.0000 15747 ¥y )

@rg | 10000 ~0.1873 ~0.4687 || Ch'pge
Bye, | L0000 18556  0.0000 || Or'yy
TGy

The luminance signal Y'7oe according to BT.709 which

is supplied from the image signal input unit 41 to the

luminance and color difference signal converter 42 is of
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-0 - (4)' The lum nance signal Y 709 according to

BT. 709 which 1is supplied fromthe inmage signal input
unit 41 to the |um nance and col or difference signal
converter 42 is of 9 SO5P0935 an integral value igy@#ho3sg
~integral range from16 to 235 which can be expressed
in 8 bits, as described above. Each of the col or

di fference signals Cb' 709, C' 709 according to

BT. 709 which are supplied fromthe i mage signal input
unit 41 to the lum nance and col or difference signal
canventtegrd42 vslwd ian dmntiegegkaVataterd Fromn 1ientegrasd
range from 16 to 240 which can be expressed in 8

- bivhs,chasadeber éheck oo dn Fheits)ri NAnee cande60bBsve .

di fference signal converter 42 sets the |um nance
sifgredl oY 7B ofldheliififeegnat whdneels ich'the thategral
range from 16 to 235, which is supplied to the

| @ricoaddegahd B! dihfitbr encesgigiald cepmether iddye
to a value in a nunerical range fromO to 1.0, and
alssgnagetispencmidaf dtithéocoherlahffarenagdstghat s

Cb' 709, C' 709 of the integral value in the integral
r dagéetenne 16.grml240nvernevad Liel d mfaanunetégedl raflge in
from-0.5to 0.5. The |um nance and col or difference
sBgnahtegrverteeged Zransdé tord4r whithechnnbdangeressed
signal Y 709 expressed in the nunerical range fromO
t &n180baEpe tdwe deskoibdif dlerence

The luminance and color difference signal converter
42 sets the luminance signal Y'ss of the integral value
- in the integral range from 16 to 235, which is supplied
~to the luminance and color difference signal coanverter 42,
to a value in a numerical range from 0 to 1.0, and also
sets each of the color difference signals Cb'7ps, Cr'7ae of
the integral value in the integral range from 16 to 240
to a value in a numericalhrange from -0.5 to 0.5. The
luminance and color difference signal converter 42 aléo
converts the luminance signal Y';ss expressed in the
numerical range from 0 to 1.0 and the color. difference
signals Cb'7s, Cr'ses expressed in the numerical range
from -0.5 to 0.5 into color signals R'7gs, G'70a, B‘%w
according to the equation (4)..
If the v characteristics of the display mechanism

45 of the television receiver 2 are different from the
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signals Cb' 709, Cr' 709 expressed in the nunerica

range from-0.5to 0.5 into color signals signals

R 709, G 709, B 709 according to the equation (4). If
the y characteristics of the display nechani sm 4% Sf0g35
the television receiver 2 are different fromthe %
SO5PM35 phot oel ectric transducer characteristics (y
characteristics) represented by the equation (2) of

BT. 709, then the inherent y characteristics corrector

43 converts the color signals R-70.9, G 7c)q, B1709

supticed ebE QAT tbgné&uee&a@ﬁgraage@é@{csd ngt erence
signal converter 42 into color signals 709, G 709,

B' diGaaceot 8t Dfs| ordgrescnfbar Bpt t e chrpracikerist i gs of
the di splay nmechanism 45 - (CRT (Cat hode Ray Tube) or

{fiz170is9) cREnt {16 LAIRVIESOD_ chBeBLYEE: 21 AEotuaRLbES.3 |
the color signals R 709, G709, B -70g to the DA

cavneetres Yde d:fﬁldﬂ"l%l@ﬂaﬂ_QCRE{obﬁtGC,§9,Of]3't7(t],esﬁp1§m@y from
mechani sm 45 of the television receiver 2 are

i déwet Lamindwcd hend phobeelectdténdd afisfddetonverter 42
characteristics of BT.709, then the inherent y

chHatactelosts gnaler REedPrGa3s,] BN adL@dingdio The D A
converter 44 converts the digital color signals

Ri%88rekt 799¢hBrdOgSuppkkedr f €106 4N i aeeAtnt ¥m 45
characteristics corrector 43 into analog color signals
R(¥ZBY, (Cathode Ray Tube) or the like) of the television
receiver 2, and supplies the color signals R'70s, G'7gs,

B'7s to the D/A converter 44.

If the & charactefistics of the display mechanism

45 of the television receiver 2 are identical to the

' photoelectric transducer characteristics of BT.709, then
the inherent v characteristics corrector 43 is not
required.

The D/A converter 44 converts the digital color
signals R'700, G'7p9, B';w supplied from the inherent v
characteristics corrector 43 into analog color signals
R'70s; G703, B'i09, and supplies the analog color signals
R'709, G'709, B'70¢ to the display mechanism 45.

The display mechanism 45 includes a CRT or the like,
and displays an image based on the color signals R'sgs,

G'709, B'70s supplied from the D/A converter 44.

The color signals, the luminance signals, and the

11




G 709, B -70g, and supplies the analog color signals R
T 709, GI709r B 709 to the display' nechani sm 45. The

di spl ay nmechani sm 45 includes a CRT or the |like, and

di spl ays an i mage based on the col or signals R 70555935
709, B 709 supplied fromthe DA converter 44. The

color signals, the |um nance signals, and the 11
SO5PM35 col or difference signals according to BT. 709
which are processed in the video canera | and the
television receiver 2 are prescribed in

RECOMYENDATS £ del \dHi3nBT 6 788cdrail St A Baf. 7bBeyhich are
acconmpanyi ng drawi ngs shows the chromaticity

coebdenate NOSiHd eisieof candrmry £ ehs andeviSfsy ence
white in the CIE (Comm ssion Internationale de

| 'rEekareagR)a O lpdeistRi be€ Sy HEINMPINDAIr9SNI Briefr BT.709-
I nvention Since the color signals are processed
adcording to the standards of BT.709 in the video
canera | and the television receiver 2 as described

above, tHIg.viided tie@rmicompaalingherdwleyd SHamsr esei ver
2 are incapable of expressing colors not under the
sthndaaiitisciafy Boo?82naté ©0 10 ois0BE! frihaPy NG s and
signals, and col or

reference white in the CIE (Commission Internationale de

I'Eclariage) ceolorimetric system,

Disclosure of Invention

Since thg color signals are proéessed according to
the standards of BT.709 in the video camera 1 and the |
television receiver 2 as described above, the video
camera 1 and the television receiver 2 are incapable of
expressing colors not under the standards of BT.?OQ.

If color signals, luminance signals, and color
difference signals are uniquely defined regardless of
BT.703, then colors in a wide color range can be
expressed. However, it is difficult to process the color
signals; the luminance signals, and the color difference
signals that are thus uniquely defined in television
receivers according to BT.709.

It is therefore an object of the present invention

to provide signals which allow colors in a wider color

12




di fference signals are uniquely defined regardl ess of

BT. 709, then colors in a wi de col or range can be
expressed. However, it is difficult to process the

color signals, the lum nance signals, and the co%&gP0935
difference signals that are thus uniquely defined in
television receivers according to BT.709. It is
therefore an object of the present invention to

provi de signals which allow colors in a wi der color 12
SO5PM35 range than predeterm ned standards such as

Bl theh pexdemd @i and sMhehr§anshe, hanghedoby ror

apparatus according to such predeterm ned standards.

Acedniilg bAdtIRL H @88Ntbel AYEATEQby ek kS REQYIAST,
a first signal processing which includés a - primary

Cat@rsudnyestiéfgrmitidd fs@hangapyerting first col or
signals having primary color points in a wi der col or

range t hBfcdudif@l YoCeher pPoidtsS #eatdhRg £i%e@ is
predet erm ned standard by which color difference

siggatisledhavi gt diighsll puBBELSAlg LWAIGR 2KL1888E aped
toan integral value in a first 1ntegral range which

| prdmatletoldhapraericAhggnal t r engeomieeRifgdNrPest color
expressed by.a plurality of bits, into second col or

sisggakss baseithOpripairacy 160! gysmacear di R9ats ¢dier
predeterm ned standard, a characteristics converting

umiah gk ot haw mudairgg cbher spedigs ceberishopal s into
third color signals according to
predetermined standard by which color difference signals
having a first numerical range are assigned to an
~integral value in a first integral range which is smaller
than an integral range which can be expressed by a
plurality of bits, into second color signals based on
primary cclors according to the predetermined standard, a
characteristics converting unit for converting the second
color signals into third color signals according to
photeelectric transducer characteristics defined in a
.numerical range which is greater than a numerical range
of color signals corresponding to a luminance signal and
color difference signals according to the predetermined
standard, a color signal converting unit for converting
the third color signals into a luminance signal and color

difference signals, and a correcting unit for correcting

the luminance signal generated by the color signal

13




~photoel ectric transducer characteristics defined in a

nunmeri cal range which is greater than a nunerica

range of color signals corresponding to a | um nance
signal and «color difference signals according t°s6§56935
predeterm ned standard, a color signal converting |
unit for converting the third color signals into a |
| um nance signal and color difference signals, and a |
correcting unit for correcting the |um nance signal |
generated by the color signal 13 SO5P0935 converting
UnddnvieRtOng byt NBNGE Si1aAahaRe€0s M 2ecbR8ing to the
predet erm ned standard, and correcting the col or
difffeeieeneri stg@net snggarer ahedcOyrdbiei P l@le SHYHA!
converting unit into color difference signals in a
selidifd renueesiced 1 apge re088 abi itk tda ol kStnaumeri cal
range, the color difference signals being assigned to
aronntegiay unvad Uttio cbher S@Cofsh SHHE Gigak 1k atges WH&hhd
can be expressed by the plurality of bits. In the

f nuser seghatapfecreshbigi APPEat fiSsst! RemephOL 06} AGd | Ghe
transducer characteristics are in point symetry with
r espectdi Dfewrerord giignalp bétend idsdignieanab gf onesSiRd
apparatus, all of the primary color converting unit,

t eluhatmctler istdonsl nmesysfdl NGl Wwhiandcihe£ol or
signal converting unit include a single |ook up

t akbresset drdithg paukheipy esemigsnvention, there is

In the first signal processing apparatus, the
photeelectric transducer characteristics are in point
symmetry with respect to an origin.

In the first signal processing apparatus, all of

the primery color converting unit, the characteristics
converting unit, and the color signal converting unit
include a single look up table.

According to the present invention, there is
provided a first signal processing method.which includes
the steps of converting first color signals having
:primary color points in a wider color range than primary
color points according to a predetermined standard by
which color difference signals having a first numerical
range are assigned to an integral value in a first
integral range which is smaller than an integral range

which can be expressed by a plurality of bits, into

14



provided a first signal processing nethod which

i ncludes the steps of converting first color signals
having primary color points in a w der color range

than primary color points according to a S05P0935
predet erm ned standard by which color difference
signals having a first nunerical range are assigned

to an integral value in a first integral range which

is smaller than an integral range which can be
expressed by a plurality of bits, into 14 SO5P0935

S esanhCRbbr Sk oNA 1Ss Rased o PRIy cfoqlo%saé@&mﬂd;cto

to the predeterm ned standard, converting the secon
cally preidgnaksi hdd & tatdag s OLOhvesH iR $hRCCRE 8%-J1Q

‘phot oel ectric transducer characteristics defined in a

NWIRMHa0a! ih8Hgen Y Gdblics gigRLes dhard@nguesri cal
range of color signals corresponding to a | um nance

Siptiddbeandt r £O| Waridul-ere BESr 840018 5 12GCAE @i AGy t13 the
predeterm ned standard, converting the third col or

Singifalrs chDt fardye WiWTichangegsé et ARG eohohedi fEraRCE
signals, and correcting the |um nance signa

gefecaled bygidle soepReebonontyald iandukiBahBé I &k 10k nd
signals, into a lum nance signal according to the .

predekedhi fetkiieaRdandl s ageco XML ebl Rdet Pt Bmined
di fference signals generated by the step of

cenuadaidg dditreriting €BkofhSiPRA1Sr AEAACO! Blto a
difference signals in a second nunerical range

cOnmanahdy sidmalf Bhat cOLGErdicEle veange s §hel £01:010
di fference signals :
correcting the luminance signal generated by the step of
converting the third color signals, into a luminance
signal according to the predetermined standard, and
correcting the color difference signals generated by the
step of converting the third color signals, into color
difference signals in a second numerical range containing
the first numerical range, the éolor difference signals
being assigned to an integral value in the second
numerical range which can be expressed by the plurality
of bits.
According to the present invention, there is
provided a first program which enables a computer to
perform a signal processing process including the steps

of converting first color signals having primary color

points in a wider color range than primary color points

15




bei ng assigned to an integral value in the second
numeri cal range which can be expressed by the
plurality of bits. According to the present
invention, there is provided a first progran1wh%%@P0935
enabl es a conmputer to performa signal processing
process including the steps of converting first color
signals having primary color points in a w der color
range than primry col or points 15 S05P0935 accordi ng
to a predeterm ned standard by which color difference
Skgpat&i PG drEhE s ritHE iGalnda2R08y &Sl crR$Si1ghed
to an integral value in a first integral range which
| a1 sP@tdle d1aMaa8 WAt & fiange nWhb LA D are
expressed by a plurality of bits, into second “col or
shgabdifedasenOAnPey @S YWLORlOrS ACE ki Nthdyahe range
predeterm ned standard, converting the second col or
sigiet Sid R 1Bk eheol o1 isitdeahs 36698 AiHIGH @an be
photoel ectric transducer characteristics defined in a
NeRrd SEld bangepWii £ 15 oFf 8aker then seduMetbeal
range of color signals corresponding to a |um nance
sé a1 sabe@ se@obar pelider @Baersi gpabsdaet dodichg to the
predeterm ned standard, converting the third col or

Shgite rivihedast ondd RPN CenFe@hahg ark el @hadebigrence
signals, and correcting the |um nance signa

gengradtsednby therstepoal sigaaveriéagrdihey third col or
.signals, into a | um nance '
photoelectric transducer characteristics defined in a
‘numerical range which is greater than a numerical range
of color signals corresponding to a luminance signal and
color difference signals according to the predetermined
standard, converting the third color signals into a
luminance signal and color difference signals, and
correcting the luminance signal generated by the step of
converting the third color signals, into a luminance
signal according to the predetermined standard, and
correcting the color difference siénals generated by the
step of converting the third color signals, into color
difference signals in a second numerical range containing
the first numerical range, the color difference signals
'being assigned to an integral value in the second

numerical range which can be expressed by the plurality

of bits.
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signal according to the predeterm ned standard, and
correcting the color difference signals generated by
the step of converting the third color signals, into
color difference signals in a second nuneri cal Fangg o35
containing the first nunerical range, the color
difference signals being assigned to an integra
value in the second nunerical range which can be
expressed by the plurality of bits. 16 SO5P0935
According to the present invention, there is provided
a secontA&tgahgPLOCensi e AANLMS VBBl e B is

I um nance signal and color difference signals include
a pdotideang essdgnals iamd 1Cpkoke 8 f1{ L1 B8PE8 a3 LGN Srein &
obt ai ned by converting first color signals having
priviEhYn €| HI gnlOiaMds colloa M HedraRleOls1GaREE I R@Nide a
primary color points according to a predeterm ned
stlandaafcdys Wti=ah agel eblodi §f efeneR Sis8Raksshewidigad by
first nunerical range are assigned to an integra
vabneetrtimy fiinst icblegr sl gfangeawhiCBrisasiBtd Ry t han
an integral range which can be expressed by a
pboiatétin of wWiides, colb® SLEANAIREI PhingkgnadSobanALaNn
primary col ors according to the predeterm ned
standadithg aenweptbdgt &helset gitneakar by SkENEh Sod1k0
third color signals according to photoelectric

t danSelmere chanhattehbsing sa dafristeduindrdca NUFEIdC ake
range which is greater than a nunerical range

assigned to an integral value in a first integral range

which is smaller than an integral range which can be
expressed by a plurality of bits, into second color
signals based on primary célors according to the
predetermined standard, converting the second color
‘signals into third color signals according to
photoelectric transducer characteristics defined in a
numerical range which is greater than a numerical range
of color signals corresponding to a luminance signal and
color difference signals according to the predetermined
standard, and converting the third color signals into a
luminance signal and color difference signals, wherein
the luminance signal includes a luminance signal
according to the predetermined standard and the color
difference signals include color difference signals in a

second numerical range containing the first numerical

17.




of color signals corresponding to a | um nance signa
and color difference signals according to the
predet erm ned standard, and converting the third
color signals into a |um nance signal and col or
di fference signals, wherein the |um nance signa
i ncludes a | um nance signal according to the
predet erm ned standard and the color difference
signals include color difference signals in a second
nunmerical range containing the first nunerical 17

SORRRR3S than@si ok Ne: £1Qd:Qh i E&sﬁsﬂgeoea 3 Qﬁgagto

assigned to an integral value’in the s umeri ca

I angegMiiichratan Pﬁ'ﬂﬁ%@k@%ﬁ@anﬁeEIE%ﬂ”fé %E'&Ml@ﬂ can be
bits, wherein the signal processing apparatus

i noldidesed byminanss;andtgobery: dif ferens £h@" gna1
converting unit for converting the |um nance sigha

- agndisREnoabperMhpdenel 1hagds standaide and the.£ol or
difference signals in the second nunmerical - range into

t ki firBire 860k 0l HRkSrtdnghaw ACtRId %Bh%er‘é?ﬂé’elfﬁé ng
unit for converting the third color signals into the

sacendaaekosighgnalo2es 0 H 0RO ﬁﬂ%%et@?ﬂiﬂ&ﬂ estdldara
transducer characteri sti CS, a prl mary col or

candethé Ngo Lt tdf e rean¥es gl 4 he $8€08dc608 Mumerical
signals into the first color signals, and a

cannget ingo Urtd diaird eeréLCcti fihild)e of thetab@iOfstic
signals into signals in a nunerical range which can

beodirspt hygduriiyt &odi gphoyrtIRE AR sMktar c6isP! axhd san
i mage.
into the second color signals according to the

S05P0935

photoelectric transducer characteristics, a primary color
converting unit for converting the second color signals
into the first color signals, and a correcting unit for
cor;ecting the first color signals into signals in a
numerical range which can be displayed by a display
mechanism for displaying an imaée.

In the second signal ﬁrocessing apparatus, the
photoelectric transducer characteristics are in point
symmetry with respect to an brigin.

In the second signal processing apparatus, all of
the luminance and color difference signal converting unit,
the characteristics converting unit, and the primary
colqr converting unit incliude a single look up table.

According to the present invention, there is

18




In the second signal processing apparatus, the
phot oel ectric transducer characteristics are in point
symetry with respect to an origin. In the second

signal processing apparatus, all of the Iuninanc%S%%%35
color difference signal converting unit, the
characteristics converting unit, and the primry col or
converting unit include a single | ook up table.
According to the present invention, there is 18

SO5PMA35 provided a second signal processing nethod

WReE ek Aed he sédHHd”%@%ﬁazﬁiﬁfl?éeaas@ng %%%85%@441%%% ce
signals include a |umnance sign and col or
dithersnce signal anabtab nesh o by iGeRventL “ngéﬂdarl%t i%]%'l%e
signals having primary color points in a er color

I angenifaedrdi@RaY SHBO&OI5¥'Hf%fe@%ﬁegdgggﬁéf% @ptained

predet ermi ned standard by which col or erence

shgnabsvdavindg ra rkir 861 SWBIGals HaR9ey AL Em : ic%‘fg;sgh

to an integral value in a first integral” ran
| posiied |10f o hABeaNchbId LW Rlqd ARG WhiLh-$al 1R 8|o(i)1r1ts

expressed by a plurality of bits, into second c

Sh@rat i rhased 209 r Ak F@ rfe@l QEanacar g Nehid heor
predet er.m ned standard, converting the second col or,

si pfedrericet @ibhhLE KoH0lg o graks AGROFALNY d@ge are
phot oel ectric transducer characteristics defined in a

nugErgeal tbapgei Mé@ihll aaneatarat Baps@ HERLhealange
range of color signals corresponding to a I'um nance
silgindl ian@maller than an integral range which can be
expressed by a plurality of bits, into second color
signals based on primary colors according to the
predetermined standard, converting the second color .
signals into third color signals according to
photoelectric transducer characteristics defined in a
numerical range which is greater than a numerical range
.of color signals corresponding to a luminance signal and
color difference signals according to the predetermined
standard, and converting the third color signals into a
luminance signal and color difference_signals, wherein
Ithe luminance signal includes a luminance signal
according to the predetermined standard and the color
difference signals include color difference signals in a

second numerical range containing the first numerical

range, the color difference signals being assigned to an
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color difference signals according to the
predeterm ned standard, and converting the third
color signals into a |um nance signal and col or
difference signals, wherein the |um nance signa
i ncludes a | um nance signal according to the
predeterm ned standard and the color difference
signals include color difference signals in a second
nuneri cal range containing the first numerical range,
the color difference signals being assigned to an 19
SOR@B% 11 Bheas aln MaldiedddnbNfus NUIRLI 3k - ange
whi ch can be _ex&%essed bynthe pl ura |py%§% %?tgﬁ be
UhBiidiseRChs! AAlp1 BLAGESSbROIRL NOfh:RGLUGRS Ligha)
steps of converting the [lumnance signal according to
t hrddeedehgrmd nash standakd +880side oo %D%EE%Q%%
signals in the second numerical range into the third

c ah@li nghg8ak SgnL0RRL Yt B ¢l fﬁe_d%%%iﬁéﬁ n&l $hdard
into the second color signals according to the :
pheloehectsisr tdianeddeet SRaRALS any %hle0§ecfsﬂavﬁ£ﬁé Gal
the second color signals into the first color signals,
andnger i 8€s i e tthe rbi £8t oc0kPnSignabivhpt ongi GNal:S i
-a nunerical range which can be displayed by a display
meehapi SMyiArs dingpl @kNgedbnd @ASr ACERE UL NY-LO 4R to
present invention, there is provided a second program

f eheepBbt ddIg R ra@MPUbBEdt8er REIARERLR: 8L 9PQ] converting
processi ng process wherein the |um nance signal and

t heecséosndliddflerenegnsl gnahiso ithel ees® color signals,

S05P0835

and correcting the first color signals into signals in a

numerical range which can be displayed by a display

mechanism for displaying an image.

According to the present invention, there is
provided a second program for enabling a computer to
perform a signal processing process wherein the luminance
signal and the color difference signals include a
luminance signal and color difference signalé obtained by
converting first color signals having priﬁary color
points in a wider color range than primary color points
according to a predetermined standard by which color
difference signals having a first numerical range are
.assigned to an integral wvalue in a first integral range
which is smaller than an integral range which can be

exXpressed by a plurality of bits, into second color

20



| um nance signal and color difference signals obtained
by converting first color signals having prinmary

color points in a wi der color range than prinmary

color points according to a predeterm ned standard %%
whi ch color difference signals having a first OSPO335
nunmerical range are assigned to an integral value in

a first integral range which is snaller than an

i ntegral range which can'be expressed by a plurality

of bits, into second color 20 SOSP0935 signal s based

Ony 1 RhL BT ¥, S04 055 .paé‘iﬁlgggi Bg1 505t Coﬁor%&ﬁg%f | ned

standard, converting t second or ighal's”into

t Rirkde QLRI nSh WNarS26C 0L gL D ¢%egdpc%%t QelL8earis

tfansducer characterisfics de in a nuherica

r 3RgRa YOI éStrgirr%aES'iOEhé‘{‘gr?afwr%"cfcioﬁhnéa@&e of

col or signals corresponding to a |lum nance signal and

cohatodiffF£NGE Sisdials AceU AN 49-EN§efined in a
t%l rCF col or

predeterm ned standard, converting the

shehalscantnfe hFtRapse sianal and golluu%{é?ﬁigfe%leg:%%%%

signals, wherein the |Ium nance signa

| yri Bawe Signals 8¢ co50 N8 AP dhg Eﬁﬁﬂ?ﬁéﬂ%%gl 1 and

standard and the color ~ difference signa

cebosr diffenence §E?H§i§ A&oarldi%%cgadtﬂg@é;%aé&ﬁﬁﬂga

containing the first nunerica range, ¢
ditdedense irglaksnbhei g @3s3i0ned ot 0s Afhal é“i%&%a'a

val ue in the second nunerical range which can be
expiassRe Ry ghhe Rharalidy QAffdkbice WOELEI R, DR eSLgRAl
the luminance signal includes a luminance signal
. according to the predetermined standard and the color
difference signals include color difference signals in a
second numerical range containing the first numerical
range, the color difference signals being assigned to an
integral wvalue in the second numerical range which can be
~expressed by the plurality of bits, wherein the signal
processing process includes the steps of converting the
luminance signal according‘to the predetermined standard
and the color difference signals in the second numerical
range into the third color signals, converting the third
color signals into the second color signals accordiﬁg to
the photoelectric transducer characteristics, converting

the second color signals into the first color signals,

correcting the first color signals into signals in a
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~second nunerical range into the third color signals

"~ processi ng nethod

. processi ng process includes the steps of converting
the |um nance si.gnal according to the predeterm ned
standard and the color difference signals in the

converting the third color signals into the secongPr0935

color signals according to the photoelectric
transducer characteristics, converting the second
color signals into the first col or signals,
correcting the first color signals into signals in a

' I di spl db
glnéﬁﬁ.%%s rgﬂﬁgr%ﬁﬂh} rc%!?lg%e\ml%)%glg?gd bbe 3 2R S%%ﬁ t %e

di splay nechanismtor di's ng" an i-mge.

fiﬁéghéﬂig&akogrgfsﬁg%ggFﬁgﬂsﬁﬁé?é: the first signa

program according to

the oresqntn i mienti:an, o1iist oolal 8hgnakss oyl ndne

primary color points in I CO

Priivany s6ghoi 199%5@%10%‘385%?%83, to, @ ﬁ[eeﬁfa&%%gbgﬁgmam

standard by which co erence signal's

fidaﬂbrd@HBeE$P@ﬂer n@l n@éﬁ%ggfd.f#%éyjcbﬂgfgéﬁgqiﬁﬁ1

value in a first fintegral range which s s

ahavAh89H Ak ma FANGS Mhigh,can; be %Mqu‘%%q.ogyrgn%? otrhan

plurality of bits, are converte nto sécond C

Sipdahsy Dased: G BITREYorEAAPT S AL GAMNRd bR dSE

predet erm ned standard, the $Secondcolor signa

ceryapbed hpthidy 1160l af resignal S 1 %%dgéﬂgiﬁgo first
phot oel ectric transducer characteristics de imed in'a
NWARELCAAL AR WHLCAsESgned to an integral value in a
first integral range which is smaller than an integral
range which can be expressed by a plurality of bits, are
converted into second color signals based on primary
colors according to the predetermined standard, the
second color signals are converted into third color
signals according to photoelectric transducer
characteristics defined in a numerical range which is
greater than a numerical range of color signals
corresponding te a luminance signal and color difference
signals according to the predetermined standard. The
third color signals are converted into a luminance signal
and color difference signals, and the luminance signal is
corrected into a luminance signal according to the

predetermined standard, and the color difference signals

are corrected intoc color difference signals in a second
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greater than a nunerical range of color signals
corresponding to a | um nance signal and col or

di fference signals according to the predeterm ned
standard. The third color signals are converted i@ﬁéﬁ

a |l um nance signal and color difference signals,S I35
the lum nance signal is corrected into a | um nance
signal according to the predeterm ned standard, and

the color difference signals are corrected into color
difference signals in a second 22 S05P0935 nunerica

I 3@ air-phyg ég%?éﬂﬂfi RUDBEL £ ﬂﬁﬂ¥¥3ba&h§?n§év(¥he

di fference sighals being assigned to an intéegra
vaddieod BitrherSecond TR ieal 4 ] n;
expresseé byrthe plurality obgbg%%gbn t%%t%g %gg%ﬁﬁfl

SiviNale BHOERS SEAMLRPRAEALYS A1t PongSesand shgnal
processi ng net hod, and the second program accordi ng

t Q1@ <RSPt th AR £ Aok UG] lance signal  and
color difference signals include a | um nance signa

and col ofi ¢ fther 88eengi 9N@hs1 HURELIEIL DY GUWAN LS NYpe

first color signals having primary colfor ‘points’in a

\Mg$@bnd09i@ﬁaf%ﬁ%@e%@@ﬂgpﬁéﬂﬁéd,QﬁkahQO%Qgénéﬁﬁgk&%%g

to a predeterm ned standard by which col or difference

Skgaakginfayd Nthed phrbksht NUIREACAn, 1 %ngﬁm%&@é%i%%q
to an integral value in a first integral range I ch

| an8MBbi&F difteRenBel BIGRARL {ANGRM ERLAMMABL signal
expressed by a plurality of bits, into second color
segdatsldaseitfetence signals obtained by converting first
- color signals having primary color points in a wider
color range than primary color points according to a
predetermined standard by which color difference signals
having a first numerical range are assigned to an
integral value in a first integral range which is smaller
than an integral range which can be expressed by a
plurality of bits, into second color signals based on
primary colors according to the predetermined standard,
converting the second color signals into third color
signals according to photoelectric transducer
characteristics defined in a numerical range which is
greater than a numerical range of color signals
corresponding to a luminance signal and color difference

signals according to the predetermined standard, and

converting the third color signals into a luminance

23




primary colors according to the predeterm ned
standard, . converting the second color signals into
third color signals according to photoelectric
transducer characteristics defined in a nunerica

range which is greater than a nunerical range ofS93F0935
color signals corresponding to a | um nance signal and
color difference signals according to the

predeterm ned standard, and converting the third

color signals into a |um nance 23 SO5PM35 signal and
C%l Iﬁaq.! gﬁr ggfgr Sc?i%'r%nc@?igﬁg}é ,h%«helru Tnn%{‘l%e :
signal includées a T'umnancé Signal ‘according t he
pregdet.enpLned. stan d,t or. di.fference _ ..
signal's inc?u%% cgﬁ%?_gggf%rgﬁ%éggF%h%ﬁ EF% a-s@ %ﬁﬁ? to
NWIRY Leaket 8RgE, &PalALNg 1&11?8 {id 1o BYmRE k%é" ch&L9E:

the <color difference signal's béing assi gne t5 an
i ntegral jyalue i the rj.cal, tange_whic
caﬁ%%e eipresseéﬁb§qtﬁz%ggﬁg%ﬁ%ﬁ%?iﬁaagi?g.gTﬁ%con£

| yipangeg) si od %ggﬁ?%g%ﬁ& fﬂ%t%%ﬁsfcfém "f%xege, the

standard and the co erence signals in

see2pd HUPBLIGAl (30081 81 e 1,501 ig%gfaig%oaﬁ he, ¢ i1 d

color signals, and the thir col o nal s are

copyget £d i1l & dRRaSEGADA: SOl ¥a opak s, ageqrding to

the photoel ectric transducer characteristics. The

Seepnds Q4 Ay in@nah a1 e FUW elited it 0 the phirat signal

color signal's, and the first color signals are

g@&%@ﬁ&?ﬂ; ﬂddﬁtt@lesbgeéé'@ehﬂr?ed“%'i%hh‘é@h L2809 MU LR can
e displ aye

difference signals in the second numerical range are

converted into the third color signals, and the third
color signals are converted into the second color signals
according to the photoelectric tfansducer characteristics.
The second color signals are converted into the first
color signals, and the first color signals are corrected
into signals in a numerical range which can be displaved
by a display mechanism for displaying an image.

According to the present invention, colors in a
wide color range can be expressed by signals that can be
handled by predetermined standards such as BT.709, for

example.

Brief Description of Drawings

FIG. 1 is a block diagram of a conventional AV
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by a display nmechani smfor displaying an i mage. _
According to the present invention, colors in a wde
col or range can be expressed by signals that can be
handl ed by predeterm ned standards such as BT. 709 o§§H935
exanple. Brief Description of Drawings FIG 1 is

bl ock di agram of a conventional AV 24 S05P0935 system
FIG 2 is a block diagramof a video canera of the
conventional AV systemshown in FIG 1. FIG 3 is a

bl ock di agram of a television receiver of the
conyentd onal AV system shown in FIG 1. FIG 4 is a

di agram showi ng primary colors and reference white

accordi ngrto 4 T %b%lzgg d:ﬂ%aél? 4§ aavqidggrgéﬁesg%wgfn%he

the relationship et ween si evel S of signals

ACeORALRGohe1 VAT Qs oS LABMAT s ARd it earal val ues

representing the signa "6 is a diagram

show ng phot celieCtr gt r@ilggq}é%roﬁ I%g:‘tgg&‘;{%i:otn;%%ceiver

enpl oyed by the present .1nvention.

Aica0r Al SDoVLG: dg bl LLOOR NP alnaaR, 3 col of

space covered by I TUR B and ‘a col of space based

on to 7&8&olong Qfdigﬁkiﬂ”gﬂgdinﬁobgﬁmgﬁfQﬁﬁ%rs and
reference white according to ITU-R B.709.

FIG. 5 is a diagram showing the relationship
between signal levels of signals according to various
standards and integral values representing the signals
levels.

FIG. 6 is a diagram showing photoelectric
transducer characteristics employed by the present
invention..

"FIG. 7 1s a diagram showing the relationship
between a coler space covered by ITU-R B.709 and a color
space based on to 768 colors of the Munsell color cascade
and sRGB standards.

FIG. 8 is a diagram showing the relationship-
between a color space based on a luminance signal and
color difference sigqals according to the present
invention, a color signal based on 768 colors of the

Munsell color cascade and color signals under BT.709, and

& color space based on a luminance signal and color
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and sRGB standards. FIG 8 is a diagram show ng the
relationship between a col or space based on a

| um nance signal and color difference signals

according to the present invention, a color signg@ 935
based on 768 colors of the Muinsell color cascade e
col or signals under BT.709, and a col or space based

on a |um nance signal and col or 25 505P0935 difference
signals according to BT.709. FIG 9 is a diagram

showi ng the relationship of FIG 8 as projected in

th@lﬁ&éf@ﬂdeoglﬁﬁafy acddGindOtbSpf, i fA9r am show ng

coverages in the color "spaces covered by BT.709 and

the present. igventd agkhfe sddwiny ad oek 4L 895M %If FIG.

an AV system according to the present |nvent|on

1% 45 @rl%h@eke@lﬁgr@{@ ofi rac¥iggo £aspra of the
system shown in FIG 11. FIG 13 Is a flowhart of an

i mage captglritng iand qf §6RLAH ; r
the vi deo canerg'shomn ? 4 éHbN&n%C@8§eP§%%9f§th%yco or

disggm @Bvé‘ré&'k@}”lﬁ' R or R8I MEL pl%fsetrﬁe 1AVeSYSLEM
shown in FIG 11. FIG 15 is a flowhart of an I mage

di spl ayimgs. prnocess BesEOrdR B bReah eA®Vi §iQh
recei ver shown in FIG 14.
according to the present invention.
FIG. 12 is a block diagram of a video camera of the

AV system shown in FIG. 11.

FIG. 13 is a flowchart of an image capturing and

_ recording process performed by the video camera shown in

FIG. 12,

FIG. 14 is a block diagram of a television receiver
of the AV system shown in FIG. 11.

FIG. 15 is a flowchart of an image displaying

process performed by the television receiver shown in FIG.

. 14.

FIG. 16 is a diagram showihg flows of signals in
the processes performed by the video camera shown in FIG.
12 and the television receiver shown in FIG. 14.

FIG. 17 is a block diagram of a personal computer.

Best Mode for Carrying out the Invention

Prior to the description of an embodiment of the
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FIG 16 is a di agram showi ng flows of signals in the
processes perforned by the video canera shown in FIG

~ 12 and the television receiver shown in FIG 14. FIG
17 is a block diagram of a personal conputer. Best

Mode for Carrying out the Invention Prior to the SO5P0335
description of an enbodi nent of the 26 SO05PM35

present invention, a color space enployed by the

enbodi nent of the present invention will be described
bel ow i n conparison with existing color spaces

a r.di.ng. international _standards. FlI shows
t%g:%ﬁghgt %%{r?}és)ﬁ%nﬁe%v\éggogi 8 A1 eoéredoPGys hal s

a I 0.4 r [ | . dar ds .and. i nt eqr al
R R A e AT BRIt T
SREB,st apd Qr._a _colo e rescribed by |EC.
(I'nt er ngit?i%%gg?a %é)élt ‘Fqg?iéc%ﬁ?%a gccrcg))r%ronrsg DM C%?]icéslng
ageg u L0 8%phe signals R, G B, and the

Si gnaﬁ{%?]éve 0 t%ﬁgﬁgé?%? signals RR G B ranging
fromO t . ' ; I.ng.frao Q. -
to 255 o canbe Sxorsossa by mbort SRl AT, pgvers
CEEOL; SAONAl & By an g Br b S SR - P - 0
+ ;)l%I?ada_ti ons. Aggtt)dr)d}%g@%p S é%qsgg%lgérldés faglrdsa

| YT OGRCE SI1GRA reBPYsCOL Mg AR 886R. Pl ol J OF
still”images, the "luninance signal I'S expressed
using 8aRicb$ad%gWd NHd¥ standards for a color space

prescribed by IEC (International Electrotechnical
Comﬁission), 8 bits are used to express color signals R,
G, B, and the signal levels of the color signals R, G, B
ranging from 0 to 1.Q are assigned to values ranging from
0 to 255 which can be expressed by 8 bits. Each of the
color signals R, G, B is represented by 256 (= 255 - 0 +
1} gradations.

According to sYCC standards for a luminance signal
and color difference signals for still images, the
luminance signal Y is expressed using 8§ bits as with the
sRGB standards, and the signal level of.the lumiﬁance
signal Y ranging from 0 to 1.0 is assigned to values
ranging from O_to 255 which can be expressed by 8 bits.
The luminance signal Y is represented by 256 (= 255 - 0 +
1) gradations.

The color difference signals Cb, Cr are expressed
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SRGB standards, and the signal |evel of the |um nance
signal Y ranging fromO to 1.0 is assigned to val ues
ranging fromO to 255 which can be expressed by 8

bits. The lum nance signal Y is represented by %ﬁéﬁo 35
255 - 0 + 1) gradations. The color difference si 5
Cb, Cr are expressed 27 SO5PM35 using 8 bits, and the
signal levels of the color difference signals Cb, Cr
ranging from-0.5 to 0.5 are assigned to val ues

ranging fromO to 255 which can be expressed by 8

Dl igingTRELEBL OF 1.8 FH1Rf ANGRS!
repre§%nted by %56 = 25 ﬁa§ 9€@%§ gra atlons8r or

Si e b@%ﬂ@a@&fs% NRSraAth £ 0400, @ &f eﬁ‘?@
S|gnanegccord|ng to BT. GOias andar s for S%% are

f ; t
(S Blsmuden TR s 0, 0 % D! anisas

desgirBeda e} ayv.p Accor ‘f‘b@ g:JlQ)rB-&l%@gregc% sf‘gr?arl% ‘Bgedey

to express color si gna s R B, e signal

| evel sepfetdie O 258l gDAbSs R 5y B)r aegaggléﬂgm 0 to

1.0 are assigned to integral values in an Integra

range fraynolkb stignd3s, Whikihan-e $78LLEE, than d1e.r ange
fromO to 255 that can be expresSed by 8 bits. Each

ofditier&trs i9irnal SicBor&nd oS B eRLeseRh &Y 220 sbTv
235 - 16 + 1) gradations. According to BT.709, 8 bits

aretes@drd Opipiessnare e 130 askoBal 705 dthdN8s for
signal | evel of the |um nance
HDTV (High Definition Television) will be described below.

According to BT.70%, 8 bits are used to express
color signals R, G, B, and the signal levels of the color
signals R, G, B ranging from 0 to 1.0 are assigned to
integral values in an integral range from 16 to 235 which
is smaller than the range from 0 to 255 that can be
expressed by 8 bits. Each of the color signals R, G, B is
represented by 220 (= 235 - 16 + 1) gradations.

According to BT.709, 8 bits are used to express a
luminance signal Y, and the signal level of the luminance
'signal Y ranging from O to 1.0 is assigned to integral
values in an integral range from 16 to 235 which is
smaller than the range from 0 tc 255 that can be
expressed by 8 bits. The luminance signal Y is

represented by 220 (= 235 - 16 + 1) gradations.

According to BT.709, 8 bits are used to express
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signal. Y ranging fromO to 1.0 is assigned to integra
values in an integral range from 16 to 235 which is
~smal ler than the range fromO to 255 that can be
expressed by 8 bits. The |um nance signal Y is 05P0935
represented by 220 (= 235 - 16 + 1) gradations. S
According to BT.709, 8 bits are used to express 28
SOSP0935 col or difference signals Cb, Cr, and the

signal levels of the color difference signals Ch, O
ranging from-0.5to O 5 are assigned to integra

LT, e AR O R o0
g%g{ieg%%qggba&f%&fcgpgg gﬁgé d&ES/ %g%(nglg E%&ﬁ”% 5

gkﬁ@agkgnés Jfffeﬁnﬁbggghsva#ﬁﬁsHﬂplga98€?§£%¢Q%er

and the ence signals accordi ng

arf@*:ompﬁ@SEB'f’@@ RS 60 ?Jt %9& @&%0&%' ngahg BErOIQgJ to

and BT.601, O and 255 o e values ranging fro
2985t hahtakgn %%%%%Egeﬁyb% DS J CPELSLN4 NG, S CSEQLS

are not used. e color space according to the present

| QY@REFOACe Widn g EBSCEL bfé" &‘@en‘é‘é&% §‘§5tP— tzhi% -

present invention, thé color space is ba

expanded gfggagygngf gi ven standards mhereln S|gnals
havi ng respective signal levels are assigned to

i nt egralTiealdes:i i dMhidlt @9ah uh@RGRAMIGHhAIS and the
color difference signals according to BT.601 are
prescribed as with BT.709. According to BT.709 and BT.601,
0 and 255 of the values ranging from 0 to 255 that are
expressed by 8 bits representing signals are not used.

The color space according to the present invention
will be described below.

According to the present invention, the color space
is based on an expanded version of given standards
wherein signals having respective signal levels are
assigned to integral values in an integral range which is
smaller than an integral range that canlbé expressed by a
plurality of bits, e.g., BT.709 wherein color difference
signals Cb, Cr ranging from -0.5 to 0.5 are assigned to
integral values in an integral range from 16 to 240 which
is smaller than the range frbm_o to 255 that can be

expressed by 8 bits.
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smal l er than an integral range that can be expressed

by a plurality of bits, e.g., BT.709 wherein color
difference signals Cb, C ranging from-0.5to 0.5

are assigned to integral values in an integral r e
from16 to 240 which is snmaller than the range f Y35
to 255 that can be expressed by 8 bits. 29 SO5P0935
Specifically, according to the present invention, a

| um nance signal Y is defined as with BT.709. That is,

'8 bits are used to express the |uninance signal Y,

and the Sﬁgéﬂfﬁcélﬁyi{%géoféEh yy g%%csré%éﬁ¥“'ﬁ&2ﬁtion, a

ranging from0O to is assigned to'integra ues

i q&ﬁngﬂtzsggﬁgm;ﬁ@%s ta%@m%éé A}g Wik Wi 6B9l S SR :%%[sys

than the range fromO t 55 that™ can be expresse

8 RithS ard NELEE A £ .exphB8s FHO NARGERII %@éngl havi ée}gi g{/h%

signal level ranging fromO to 1.0 Is represent

Z%Qgﬁélzﬁévél ]cﬁf "T:h@ l%?ﬂéﬁ.&@néigrﬁﬁ Vy Egngirngolgrbm CP to

According to the present 1nvention, 8 bits are use

tq. expsesss Lol b hhergnce 'g{@g S t

si gnal Ingﬁglof thé col or dﬁ# erenégggig%%ﬁég%gxégége
r 2Rgihngs ftOM3DLAiLR Ps 5sﬁéﬂé§sd}%!ﬁe@hgoréﬁ§é%gfﬂ4m 0 to
values .in an integral range from16 to 240 which is

soBbl ehat Nath YehexhaBgsed rxg{nso 4i% 2557 Mals 3R BRe
expressed by 8 bits, as wth BT.709. However, an
| DLRYKR A cd ANAR N0 YWRLEInG NS ONRAla1 1evel ranging from o
to 1.0 is represented by 220 (= 235 - 16 + 1) gradations
as with BT.709.
According to the present invention, 8 bits are used
'tQ eXpress color difference signals Cb, Cr, and the
signal levels of the color difference signals Cb, Cr
ranging from -0.5 te 0.5 ére assigned teo integral wvalues
in an integral range from 16 to 240 which is smaller than
the range from 0 to 255 that can be expressed by.8 bits,
aé with BT.709.
However, an integral range to which the signal
levels of the color difference signals Cb, Cr are
assigned is expanded to an integral range from 1 to 254
which contains the integral range from 16 to 240 to which
signal levels are assigned according to BT.709.
‘Specifically, accerding to the present invention, as with

BT.709, each of the color difference signals Cb, Cr
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| evel s of the color difference signals Cb, O are
assigned is expanded to an integral range from1l to
254 which contains the integral range from 16 to 240
to which signal |evels are assigned according toOS'0935
BT. 709. Specifically, according to the present S9°F
invention, as with BT.709, each of the color

di fference signals Cb, C 30 S05P0935 rangi ng from
-0.5t0 0.5 is assigned to an integral range of 225

(= 240 - 16 + 1) gradations from16 to 240, and the

SI&%@ngeff&ﬁ -fd’ the ¢ gt ?gf&‘és FRNQe L an }gFéq?raLZJl%ange

are al so assi gne to an in egra range rom

ang apsi pLegr@l- rgnge 1?@958%9@% %"%68 g\g a,resill tand

si gnal Ievels rangi ng are” as’si gned

t @nansi gheoralvdiangs,f ram 4. ¢ ]_%%.4'raf1§gn§§8[#% 1% 240

according to the present |nve ion

dizk-t.ep a6 e, sigpals &0 anqn‘%\%ﬂ%r %Jaggé' eLeyel S%o§f1§5 fhﬁ

the range from-0.57 to e represented

254 inbedrd) 9ARUakLORSys A flosgri bed above, according

to the present ~invention, color difference signals

Cb, C se | <4 I fro
057 (o oTeh e T Bt Pacru i Pargned T b

sbgseal &%ss@%m@tﬂ BI. d0%nd NG NYah5OM 200 1 1), G573 can

be realized ccording to the present invention,

t BEREE QI 1Y, ab§099§§<_‘:; e i prRLERs SAidd) ne
wi der col or range t

colpr difference 51gnals Cb, Cr whose signal levels are
in the range from -0.57 to 0.56 are represented by 254 (=
254 - 1 + 1) gradations.

As described above, according to the present
invention, color diffefence signals Cb, Cr whose signal
levels are in the range from -0.57 ﬁo 0.56, which
includes color difference signals Cb, Cr of BT.709
ranging from ;0.5 to 0.5 can be realized.

According to the present invention; therefore, it
is possible to express colors in a wider color range than
the colorxs that can be expressed according to BT.709.

The luminance signal Y according to the present
invention is identical to the luminance signal ¥
according to BT.709, and the color difference signals Cb,

Cr according to the present invention are identical to

the color difference signals Cb, Cr according to BT.709
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the colors that can be expressed according to BT. 709.
The | unmi nance signal Y according to the present
invention is identical to the |lum nance signal Y
according to BT.709, and the color difference signals
Cb, O according to the present invention are S0°FP0335
identical to the color difference signals Cb, C
according to BT.709 31 SO05P0935 with respect to the
signal levels ranging from-0.5to 0.5 that are
assigned to the integral range fron116 to 240.

rt%f Qﬁggeyﬁ]e‘té ulfﬂé’]%rl%ail ggélelby J_aa g:L f%gxlno£ h% to

d| fere accordi ng hé prese

i pven I a S cordin
et co0 bl o plosPReEaLe et i
of ol fggs c b for

ex2a4r‘?p gﬂ?eré cor di ngﬂ?o t he prczezg“%t [ nven% on rt he

CgtherghEéeéﬁﬁ&ﬁj?bgnagﬁw%%.%§E¥%fg¥%gﬁ ﬁf%ﬁls wi der

levels In the “range fr

t haBehheof ange béréﬁﬂ%ﬁ%dﬁ??oa%ggra%ﬁgnaé{g}4£#3 %%n%% 709,

signal Y and the nce signals

aﬁﬁergéﬂgbéChééHEtBr9§§Bi%%'{H§HHé ﬁ%lﬂrﬁ ﬁ&%¥5¥té%i&ﬂ%t°

color signals R na evel s he "col or

skapal éaIB b@ex%r%%@egebeBT %éiesfo%%x% {bhe range

fromO t e., can be of * val ues ess than O

(negati \A%c\é%tihéﬁﬁ) t&rt}y@lﬁf%%e%eﬁhgé éh’m slmcéh%h%a{:&for

O represents e m ni mum val ue o ‘color si gnal s

- Rai e B ¢idinRd st 8 Ble Q%hin aadet I%?gﬁ@i Ufevels in the

range from -0.57 to 0.56 which is wider than the range

from -0.5 to 0.5, when the luminance signal Y and the

color difference signals Cb, Cr according to the present

invention are converted into color signals R, G, B, the
:sighal levels of the color signalé R, G, B can be of
values out of the range from 0 to 1.0, i.e., can be of
values less than 0 (negative values) or values greater
than 1. The value 0 represents. the minimum vaiue of the
color signals R, G, B according to BT.709, and the value
1 represents the maximum value of the color signals R, G,
B according to BT.709.

As described above, according.to the present
invention, color signals R, G, B having negative values
or values in excess of 1 can be handled, and mutual

conversion is performed between such color signals R, G,
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1 represents the maxi num val ue of the color signals R

G B according to BT.709. As described above,

according to the present invention, color signals R

G B having negative values or values in excess of 1
can be handl ed, and nutual conversion is perforne@PF023>
bet ween such color signals RR G 32 S05P0935 B and the

| um nance signal Y ranging formO to 1.0 and the

color difference signals Cb, Cr ranging from-0.57 to
0.56. When an image is captured and color signals R

- fothe ¢ . b ' h
C 3B RTBOECRT S FR08 SAMUEL) STLIELE oo

unm nance  Signa e’co
0,1, O o126 At ¢ t resent ipventi.aon, Aif th
|LH%%£%E% g?g%%?eég%ﬁgﬁ¥%é%c§ brbﬂi¥%%%%ﬁ%grgwgnglg7tx
andgg according to the present invention are to be
handl

ed by apparatus according to BT.709, it is
th [ I , , i ch
necessaryyl é&?'l\fr%éfe ik 8a§tﬁ.gp§d Srakg o R slﬁ% a%\; \gr}:j%' B

are to be converted into um nance sig

t her GOt ndLLf erence %Bﬂbart&?:i&? @%%Oﬁgnﬂgaﬁge the

present 1 nvention, Into col or SI gha

acgonding foathe tog:e' ?E‘E‘E%j%&n&é SHAUGES ¢

characteristics of t I splay nec I'Sm o ’é%??OQ (v

COLLSEHAD Aok o Ry P OB E A s,

tQi4R81N AN the color difference signals Cb, Cr
according to the present invention are to be handled by
apparatus according to BT.709, it is necessary to convert
the color signals R, G, B, which are to be converted into
the luminance signal Y and the color difference signals
Cb, Cr according to the present invention, into color
-signals R, G, B according to the photoelectric transducer
characteristiés of the display mechanism of BT.709 {y
correction).

According to BT.709, photoelectric transducer
characteristics are defined with respect to the range
from 0 to 1.0 that the color signals R, G, B can have,
but no photoelectric transducer characteristics are
defined with respect to negative values and values in
excess of 1.0_.

Since the color signals R, G, B to be converted

into the lumihance signal Y and the color difference
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fromO to 1.0 that the color signals R G B can have,
but no photoel ectric transducer characteristics are
defined with respect to negative val ues and val ues in
excess of 1.0. Since the color signals RR G B to be
converted into the lumnance signal Y and the coP®tF0233
di fference 33 SO5P0935 signals Cb, C according to the
present invention can have negative val ues and val ues
in excess of 1.0, it is necessary to determne
phot oel ectric transducer characteristics according to

' t I ' S R B_t hat h
netv GBruEE THBHRATol hhe el TS0 AP £F be
' to & t ti.on, -.the . .
oot SbI P L Tah, o3 dRAPRET Sl radent oo o

unglere o BT,709 GL&ARRL 8 te.t opul valyes dn the range

: fsk
Il N excess or npu val ues I n e nge Of

n%%%&%%%e¥§gf§%% gég%ﬂﬁq%ég%he%%g%ﬁBﬁﬁ%g%gﬂggrs%%ﬁﬁ%geg, G,.

characteristics prescrib un are e

i B F&%&gt c%%%} 3&%&%6@9?@& 4% (8,95 gin, and the

=3
expan d otoel ectri ¢ transducer characteri Stics are

agpbiggetgoﬁgp%%nggggghye i nput values. FIG 6 shows
phot oel ectric transducer characteristics that are
enpl oy edh e A5G0 Lohd NSre RS GG A PYSI! 191
photoelectric transducer characteristics prescribed under
BT.709 are applied to input values in the range in excess
of 1.0. For input values in the range of negative values,
the photoelectric transducer characteristics prescribed
under BT.702 are expanded in point symmetry with respect
‘to the origin, and the expanded photoelectric transducer
- characteristics are applied to those negative input
values.
FIG. & shows photoelectric transducer
characteristics that are employed according to the
‘present invention.r
The photoelectric transducer characteristics
according to the present invention as shown in FIG. 6 are
identical to the photoelectric transducer characteristics
according to BT.709 insofar as the input signals (color

signals R, G, B} are in the range from 0 to 1.0.

Specifically, the portion of the photoelectric
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The photoel ectric transducer characteristics
according to the present invention as shown in FIG 6
are- identical to the photoelectric transducer
characteristics according to BT.709 insofar as tg§%P0935
I nput signals (color signals R G B) are in the

range fromO to 1.0. Specifically, the portion of the
phot oel ectric 34 SO5PM35 transducer characteristics
shown in FIG 6 wherein the input signals are in the
range fromO to 1.0 is expressed according to the

eqUatisanck2) cﬁéréj@géﬂ%@iﬁgdgﬁovﬁ- 0% 1cThe &ﬁgkégxg W?}E.? i |

t he photoel ectric transducer aracteristics's

FliGpu® whehgld 4he inpuk sLapal srq ;Oe tioh 1t.he%%g%§%%sls§d

exceeding 1.0 is an expansion of t range

t Qcko@d2R60FSI 1k tRRe8aYAT | éc)ﬂ ée@i-nedTBﬁdQPrﬁt% of

- the photoel ectric transducer aracteristics shown in

FIG 6 whel @idrttibe bAPWe %We&ec@&t@ﬁg%%ﬁ%dﬁ@}ge of

negative values is an expansion of otoel ectric

t CARSHUESS i §@@é@%%%8550§1@.0C@w{é}%i&pth@i@% igfhgnals
er

point symmetry with respect to the origin. ef ore,

t Beeplot ©ed efdrdeC ki-angduse! . o Gharactepbsti&s of the
~according to the present 1nvention are expressed by

t henge! £ayh g AGUab ONo (McoRWIRY ta088e Xebuation (2) .
L-rr7019R 709 Wex7 4 X Rx7ft - ,xrc0.018 -0. 099)"-0.
O%t8e portion of the photoelectric transducer
characteristics shown in FIG. 6 wherein the input signals
are in the range of negative values is an expansion of
the photoelectric transducer characteristics according to
BT.709 in point symmetry with respect to the origin.
Therefore, the photoelectric transducer

- characteristics according to the present invention are

expressed by the following equation (5):

R’%’?ﬁ? =4 S_x gﬁ?{m o =0 018 SRope < 6,018
Ramg = = (1080 (~Royo)® ¥-0.099) Ry 00 < ~0.018
C e 5

In the equation (5), R represents a color signal R
before it is converted according to the photoelectric
transducer characteristics, and R' represents a color
signal R after it is converted according to the
photoelectric transducer characteristics. According to

the present invention, color signals G, B are also
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In the equation (5), R represents a color signal R
before it is converted according to the photoel ectric
transducer characteristics, and R represents a col or
signal R after it is converted according to the
phot oel ectric transducer characteristics. Accordi?&?%qg35
the present invention, color signals G B are also 35
SO5PM35 converted according to the equation (5).

Col ors that can be expressed according to the present
invention wll be described below FIG 7 shows the

" el al)0ashi pbelueen & GRLOL SPACS, aver ed by BT.709

col or space sed on ors of

N on col broAl (il A05CBE AR GAl A0 LRS PR 180 OF

cascade an st andar or signals

CONRLLEd; AGCOL NG, 1LNG.DBOLOS] gelifc t ransducer

characteristics, an e convéerted color signals R

G B Conygs t e?d s'h]Bg«Q Cghe gjﬁ@n%%gﬁlébggg%wg%ﬁnd c%%!o?r space

di fference signa and al so'in

Flcg%erédaﬁg £ .7 GlOL LPRGF 4 cee%%%%ﬁsﬁgf% nidpfbt’ he

axes whic represent t um nance Signa

C@o@%rgi I)f %ﬁ%ﬂiﬂggﬁu@?i@ ac%%%?ﬁe%ggg%%tr% Mutplsell

FIG 7, the Ium nance signa _
dbgﬁggegggbéaéyggdssggB g{aaﬁﬁg%ﬁdicated respectively

as a lum nance signal Y an or difference signals

Cb'yrcrlcdl%rOEQSﬁaiQ Show Bhat t Pgrverted according to
the photoelectric transducer characteristics, and the
converted color signals R, G, B converted into a
luminance signal Y and color difference signals Cb, Cr.
In FIG. 7 {(and also in FIGS. 8 and 9), a color space is
expressed by three axes which represent the luminance
signal Y and the color difference signals Cb, Cr thus
generated. In FIG. 7, the luminance signal Y and the
color difference signals Cb, Cr are indicated
respectively as a luminance signal Y' and color
difference signals Cb', Cr' in order to show that the
luminance signal Y and the color difference signals Cb,
Cr correspond to the color signals R, G, B converted
according toc the photoelectric transducer characteristics.

In FIG. 7, the marks @ represent the 768 colors of
the Munsell color cascade, and the range of a

parallelepiped in a grid pattern represents colors
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| um nance signal Y and the color difference signals

Cb, Cr correspond to the color signals R G B
converted according to the photoel ectric transducer
characteristics. In FIG 7, the marks 0O represent55§55935

768 colors of the Mansell col or cascade, and the

range of a parallelepiped in a grid pattern

‘represents col ors 36 SO5PM35 expressed by col or

signals according to BT.709. The range of a
rectangul ar parallelepiped in FIG 7 represents a

r angereaewar Bd &y1dugikante andos@ly t& Bfrer8BCe The range
signals according to BT.709. The |um nance and col or

didff er eeeeasb@nad parageendpigetoiBFIE09 7CoUE BB a
col or space according to the.sR@ standards, but

cammale tukbyed W1 kli0aR68 &AKOES] 00 itRerMIRSEL  gnals
col or cascade. FIG 8 shows the rel ationship between a

celcabrapageto lBSedoQn a | unmi nance signal and col or
di fference signals according to the present

i nventi orhe dvehencsi gnalcdiased reBr46& Colpra Of the
Munsel | col or cascade and col or signals under BT. 709,

aadcardbhgrtsaCFobagededNtite ¢IIBNBBELCe ShGASH MY to
color difference signals according to BT.709. In FIG

8 htheRERBI kisararepl ebent cédies 681109 ebSepfthd NBE8 colors
Munsel | col or cascade, and the range of a
pafathellemgdd icblargeasepddtern represents colors

FIG. 8 shows the relationship between a color space
based on a luminance signal and color difference signals.
according to the preseﬁt invention, a color signal based
on 768 colors of the Munsell color cascade and color
signals under BT.709, and a color space based on a
luminance signal and color difference signals according
to BT.709.

In FIG. 8, the marks @ represent the 768 celors of
the Munsell color cascade, and the raﬁée of a
parallelepiped in a grid pattern represents colors

expressed by color signals according to BT.709. An inner

one of two rectangular parallelepipeds in FIG. 8

. represents a range covered by luminance and color

difference signals according to BT.709, and an outer

rectangular parallelepipeds represents a range covered by

- luminance and color difference signals according to the
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expressed by col or signals according to BT.709. An

i nner. one of two rectangul ar parall el epipeds in FIG

8 represents a range covered by | um nance and col or

di fference signals according to BT.709, and an ou%é§ 35
rectangul ar parall el epi peds represents a range co T

by |um nance and col or difference signals according

to the 37 SOSP0935 present invention. FIG 9 shows the
relationship of FIG 8 as projected in the direction

of Cb'. In FIG 9, the marks O represent the 768

C%h%%%ngfihﬁén@@§§e|| col or cascade, and the range of
a parallelepiped in a grid pattern represents colors

_expr esseﬁzéoyfgwswwssitgeak?ﬁ&%%%g ogoF E. 9% An

i nner one of two rectangles In represents a

r g8 eceOY LSO RY M NAREE ANG, cOl or difference

siignals according to BT. 709, and an outer rectangle

epresents g f ANTRLLONELE @Y LUINANCE Yo LS ors of

di fference signal's accordi

| ReniiRBe 1 AS SO dd-BECS:n 8 @nd L%’nglehggp%esem

invention fully covers the color space 68 col ors

%%a"rﬂ@léd:’éﬁﬁﬂéd 160105 rAspadE AN LA n$ 988 Srdinder

.709. FI'G" 10 shows coverages in the color spaces
Ce¥BEEHsedbBLAGY andnkie Hr&sNthd RYEBYI 889, TRE inner

coverage of the surface area of the 768 col ors

~one of two rectangles in FIG. 9 represents a range
covered by luminance and color difference signals
according to BT.709, and an outer rectangle represents a
range covered by luminance and color difference signals
according to the present invention.

As shown in FIGS. 8 and 8, the present invention
fully covers the color space of 768 colors of the Munsell
color cascade and color signals under BT.709.

FIG. 10 shows coverageé in the color spaces covered
by BT.709 and the present invention.

The coverage of the surface area of the 768 colors
of the Munsell color cascade is 55% in the color space of
colo: signals under BT.709, and 100% in the color space

of iuminance and color difference signals according to
the present invention.

The coverage of the volume of a uniform color space

(L*a*b*) is 61% in the color space of color signals under
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of the Munsell color cascade is 55%in the col or space
of color signals under BT.709, and 100%in the col or
space of |um nance and col or difference signals
according to the present invention. The coverage qg 0935
the volunme of a uniformcolor space (L*a*b*) s B

in the col or space of color signals under 38 30520935
BT: 709, and 100% in the col or space of |um nance and
color difference signals according to the present

i nvention. According to the present invention,

t her efqy e ang 1%41%11 Ct‘ﬂeo O§B§C§p§@@ Pe LRUELS! gagﬁid

col ors |n a W der col or range can be expresse

11c6ﬂ5¥“ﬂﬂf@e?éﬂ§¥ 41 ﬂgl%naé¥6§¥§ﬂ§gﬂ§“Eﬂgﬁ lRgento the

present invention. shown i n Fl e AV system
I NGlgd8S & .video canmera 60 and a television receiver
70. In FIG 11, a signal of an inmage captured by a

video camBts-BQd $o SHEPhISEANQWARL R cheCO I re, a
medi um 11 or a network 12 to the television receiver

7Qideh cRidis a@i’eS d=he peMBgFe r LARIAY €0 1BY st e Y GRRr

canera 60. FI 2 shows in block formdetails of the

Videer eanBsachHo Hé |e§k%§:é§§@@. in FIG 11. Those parts
of the video canera 60 shown in FIG 12 which are

i denti cakrd 0 11t BASAs Ofn thIR AU dRRMCARNBAR JySNOWAdBrding
FIG 1 are denoted

to the present invention,

As shown ih FIG. 11, the AV system includes a video
camera 60 and a televisgsion receiver 70. In FIG. 11, a
signal of an image captured by a video camera 60 is

. supplied through a recording medium 11 or a network 12 to
the television receiver 70, which displays the image
captured by the video camera 60.

FIG. 12 shows in block form details of the video
camera €0 illustrated in FIG. 11. Those parts of the
video camera 60 shown in FIG. 12 which are identical to
those of the video camera 1 shown in FIG. 1 are denoted
by identical reference numerals, and will not be
described in detail below. |

In FIG. 12, the video camera 60 includes a
operation unit 21, an image capturing unit 61, an A/D
converter 23, a primary color converter 62, a

photoelectric transducer 63, a color signal converter 64,
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by identical reference nunerals, and will not be
described in detail below In FIG 12, the video

camera 60 includes a operation unit 21, an inmage
capturing unit 61, an A/D converter 23, a prinm

coFor converter 62, a photoelectric transducer é@5%9935
color signal converter 64, 39 SO5PM35 a corrector

64A, an encoder 28, a controller 29, a recorder 30,

and a comuni cation unit 31. The imge capturing unit

61 starts or stops an image capturing process

3% %BSt&P &4 | N5t LUeLLep E%g”& éJheclr%E’_%?tbé’” é””t

I mage capt uri ng unit I eS an

&&@@Eagydg@ata c?aOfcofﬁmﬁﬁPEg{fcgn'ng:eB to the A/D

converter 23, The i mage capturing unit 61 i ncludes a

CMOS CQﬁ@
ger  aeCD L CnG e CotbI et D E5) e or T RECRcE”

aﬁﬂag@”&&%%ﬁ%iﬂﬁ %&o%bgﬁa£§c£$dl %x(gﬁdlngifﬁgh%gﬂtf?om

as an i mage signal e prlnar col or points 0

G961 dhfle 20D AR LS LTRAELCANIAINING WAt 61

shoul be positioned in a w or ranhge than the

p%hﬁﬁ[ie§Cﬁﬂ”iﬂgaeng§gn§fCfﬁ&hégkfﬂ% BE. Zogaﬁ{hﬁg S inaly

transmt information”of colors in a wder co

r aB9€ne T %lav%%&@riﬁr %%ecgﬁxﬁét Sa A9 ¢Rherer

signals R G B supplied fromthe I nmage capturing -
uBht1®ded i @Mos (Complementary Metal Oxide Semiconductor) §

imager, a CCD (Charge Coupled Device), or the like, and

outputs color signals R, G, B (Red, Green, Blue) as an
image signal.

The primary color points of the CMOS imager or the

CCD as the image capturing unit 61 should be positioned
in a wider color range than the primary color points
according to BT.709 in oxder to transmit information of
" colors in a wider color range.
The A/D convertér 23 converts analog color signals
R, G, B supplied from the image capturing unit 61 into
digital color signals R, G, b, and supplies the digital
color signals R, G, B to the primary color converter 62.
The color signals R, G, B that are supplied from the A/D
converter 23 to the primary color converter 62 are
referred to as color signals Rex, Gexs DBex-

- The primary color converter 62 converts the color
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digital color signals RR G b, and supplies the

digital color signals RR G Bto the primar . y color
converter 62. The color signals RL G B that are
supplied fromthe AAD converter 23 to the primar

color converter 62 are referred to as color si gn%?‘?og%
Rexr Gex, Bex. The primary col or converter 62 converts
the col or 40 SO5PM35 signals Rex, Gex, Bex supplied
fromthe A/ID converter 23 into color signals Rex709,
Gex709r Bex709 based on primary colors under BT.709,

O R B85 Pl ot o%urp?es el e s b fxﬁlig
Eilf‘{%fe?‘ﬁ%%?g%‘% e b L S oy
' 7, 9
%L;Osr%lu%l 8!;? B&? %(B'accor égﬁalf 3 e (%3)33% ggg§%§ﬁ{em'
T 7

i e i
Rex f—lgaé&;(gf trheggg%&gr%’to gl&%}%d %Omi%ﬁre% 8;6?%%9%0 Sorthe
-C%‘i%r S508n PEL Tor e byp txhguﬁgil@{ Ye o @he ﬁ?ﬁvgcgﬁ‘?é%rtfr

can be of negatiVvé values or values in excess o

If23t Hﬁt@rbgﬁg}y SQL%]I'.‘L%ﬁ.Spﬁ 893; eng'c‘él?e eﬂoggﬁafgap&]ﬂrﬁﬂgnary

unit 61 are different fromthe
colors under BT.709 according to the equation (6} shown

below. The primary colors under BT.709 are shown in FIG.

4.

‘Eﬁ;m} [ 1.5068 —0.6351 0.0383)
| G |=| =0 1464 12250 -0,0795 |
Bocro.) | ~0.0141 —0.1086 11227

The color signals Rexios, Gex70s, Bexios Obtained by the
primary color conversion performed by the primary color
converter 62 can be of negative values or values in
excess of 1 i1f the primary color points of the image
capturing unit 61 are different from the primary color
points of BT.709,.

| The photoelectric transducer 63 converts the color
signals Rex709, Gex709, Bex70s Supplied from the primary color
converter 62 into color signals R'ex709r Glex70or Bex709
according to the photoelectric transducer characteristics

of present invention, and supplies the converted color
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poi nts of BT.709. The photoelectric transducer 63
converts the color signals Rex709, Gex709, Bex709
supplied fromthe primary color converter 62 into
color signals R,,709, G ex709, B T ex709 accordin
to the photoelectric transducer characteristics 0935
present invention, and supplies the converted color 41
S05P0935 Signals R ex709, G ex709, B ex709 to the

~color signal converter 64. That is, the photoelectric
transducer 63 converts the color signals Rex709,

- ; x709 sdppl i edgfrom the ry colo
g%ﬁéﬁgﬁgr 62'1h % %d1br st* ﬁaﬁg dﬁﬁ% 309 B

g%eQQggrghng to the equation (5) , and supplles
t e converted color signals R,,709, G ex709, BT

ex709 topthe ; colqr gw@@élec Vel généé The.£quationg

(5) is an equatlon for conver |ng ol or signha

R%Eogowios{ 1%0' | gnal Ry eX?%%PPIggdCPr&n the

signal’s Gex709,  Bex @ ar & 8's & CBhVeFP el T espattitvel y

i nt e r T, 0 pordln
%r?ﬁz‘i%qﬁ%?%%nﬁ%% 2 CHE s P s T oo

T@e x_} ngg Loy cBPd%rh& & e e 9&9.{01? gnal $,8 %ﬁé??ies

G ex ex70 are conv rted rom'the co

S'tHEa«Izénvé;ieBch%ol@%Xchgn %XP?'O 709 é'he Ph%t'oel eCE.tOr It(l:le

transducer 63 based on’the photoé ectti¢ trahsducer

cggiggtgggﬁgl(g%nvggggfdgpg to the present invention is
the same as wit

The equation (5) is an equation for converting the
color signal Rex7s into the color signal R'ex0e. The color
signals Gegmg, Bex700 are also converted respectively into
the color signais G'ex705, Blex700 accbrding to the equation
(5) as with the color signal Rey7os. |

The range from 0 to 1.0 of the color signals R'ex709,
G'ex700, B'ex70s which are converted from the color signals
Rex709r Gex709r Bex709 by the photoelectric transducer 63
based on the phbtoelectric transducer characteristics
according to the present invention is the same as with
BT.709.

The coler signal converter 64 converts the color
signals R'ex70s, G'ex70s; B'ex70s supplied from the
photoelectric transducer 63 into a luminance signal Y'exvoe
and color difference signals Cb'exios, CI'ex7os according to

the equation (7) shown below. The color signal converter
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BT. 709. The col or signal converter 64 converts the

color signals R ex709, G ex709, B ex709 supplied
fromthe photoelectric transducer 63 into a | um nance
signal Y ex709 and color difference signals Cb'e%§§§%935
Cr' ex709 according to the equation (7) shown bel

The col or signal converter 42 S05P0935 64 has the
corrector 64A incorporated therein. The corrector 64A
corrects the lum nance signal Ylex709 into a

| um nance signal in a nunmerical range fromO to 1.0

ded neg %@%M@cﬁ&t RLESePRL L A, acgn&ac%% n7ggThe

corrects the color difference sign

c@fgeQ%o'rn%@AcgéPfec% ];cgl%ggt?ﬁ %ﬁ&é‘aéfg A Q"Qxlﬁmgeﬁhegl

'range from-0.57 to accor ng to
PrasaRtancaventhon. 1 ANM nauRRLL 85y dﬁbee CULEY
co

| um nance sighal and the correcte erence

Si gt QCEQEdﬁ{Ecﬁ?rth%sprngﬂ@@m%nt Jo@l OgaaR;:orrects
1146-0; 3854- ®6W Q 5000-0, 4542; -

Spaf fogak! i r ek Behal s 644 %BE h@rcolrogrlﬂcg%llor

converter 64 corrects the |um nance signa

W iGHFelr8ncs M8 d:ff1d RAN 20niAL 01 & ANd: LR reehs -b hey to
| um nance signal Yrex709 which is greater than 1.0

i ME.Gelalrihed LARMWi®g tdhens Brad A 848n2ksR, and
corrects the color difference

- supplies the corrected luminance signal and the corrected

color difference signals to the encoder 28.

Vooos | [ 6.2128 07152 0.0722 1 R oueg )
o' g =‘wn 1146 ~0.385  0.5000 || &',y |
A\l aymg,) 1, 05000 -0 4542 ~Q, WSJ i ez*?{}&

Specifically, the corrector 64A of the color signal
converter 64 corrects the luminance signal Y'ex0s which is
smaller than 0 into 0 and corrects the luminance signal
Y'ex709 which is greater than 1.0 into 1.0, for example.
The corrector 64A also corrects the color difference
signéls Cbh'exi0s, Cr'ex70s which are smaller than -0.57 into
-0.57, and .corrects the color difference signals Cb'exioe,
Cr'ex70s Which are greater than 0.56 into 0.56., The
corrector 64A assigns the corrected luminance signal
¥'ax700 Lo an integral value in an inteéral range from 16
to 235 which is smaller than the integral range from 0 %o

255 that can be expressed in 8 bits, and supplies the
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signals Cb' ex709, C' ex709 which are smaller than
-0.57 into -0.57, and corrects the color difference
signals Cb'ex709, C' ex7ag which are greater than
0.56 into 0.56. The corrector 64A assigns the
corrected |lum nance signal Y ex-709 to an integre§05p0935
value in an integral range from 16 to 235 which is
smaller than the integral range fromO to 255 that can
be expressed in 8 bits, and supplies the 43 S05P0935

| um nance signal Yex709 that is assigned to the

i.qtuﬁgﬁghcevgl?ﬁﬁafs{ 'nglogu[egigacga% zgsﬁgxgedzggc%gi 00¢L0ra1

the present vention & “encod

coLneet g% Q4ﬁu@ﬁ§4r%%§g)i(;gglggéwfaﬁ %g' 9{16%{@%&106

signals Cb' ex709, [ an 1 rntegra ue in an

I Nheahak of ange Hd Qm-bakbe 284 ng%i %?ﬁ%?c@é'@léégl{ atSIEQan

the integral range fromO to can

expLe j j7tS., i & kor v
)EEE éé?gebfb@ C@l%%‘cg.ﬁ@gigglg{gé C%ﬁ}rl:eaggoggtﬁ?a%g,l (Slr ex705 LO

di fference signals

agsl gRedyto tha e @Eegﬁakn¥@&H£LQ%ﬁﬁgl9£oﬂi{fﬁg e

signals according to the present vention to the

eRARQERT i £8amAN JRYSHCARE UL L NG ,ANd LLEGOT £ DY PIOFess

performed by the video canmera 60 shown in FIG 1
Wichht beadescrd.fedssbgl pw Wﬁﬂsr,efa%ﬁegﬁﬁpifeflt(ﬁe ior

The operation unit 21 instructs the i nmage capturing

Uk Fr8ded & Sidphigaph uling @Qrgxggggam@@%atastsfﬂanéan@o the .
time instructs the controller to start recCording a
Capteedl value as color difference gignals according to
the present invention to the encoder 28.

An image capturing and recording process performed
by the video camera 60 shown in FIG. 12 will be described
below with reference to FIG. 13.

The operation unit 21 instructs the image capturing
unit 61 to start capturing an image and at the same time
instructs the controller 29 to start recording a captured
image, 1.e., to control the recorder 30 to record a

~captured image. In this manner, the image capturing and
recording_process is started.

In step S1 shown in FIG. 13, the image capturing
unit el captures an image of a subject to acgquire an
image signal, and supplies color signals R, G, B as the
image signal to the A/D converter 25. Then, control goes

to step S52.
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image, i.e., to control the recorder 30 to record a
captured inmage. In this manner, the inage capturing

and recording process is started. In step S1 shown in
FIG 13, the image capturing unit 61 captures an

i mage of a subject to acquire an image signal, artpPO935
supplies color signals RR G B as the inmage si gnhal to
the A/D converter 23. Then, control goes to step S2.

44 SO5PM35 In step S2, the A/D converter 23 converts
the anal og color signals R G B supplied fromthe

8 AP e A U A

CHiesB il 5o b e o i

CORPRRERRLTHIT S OB TSR B8 Rl o e

SR B ST ISR S0 B,
a%é%g% CGC')e‘L)go%f"Jé(%)é?ggn%rol ggegg% ‘ﬁg‘-’t‘cr?k o SEERpS3 -

s the SLSHEELES 4 LIRS SRR o

tRfie PLEITRY %53G0L95 RONVELLeR O %u&aﬂﬁleﬁ"%%m sianal 3,
converter 23 into color signals Rex7oo, Gex709, Bex70s based
on primary colors under BT.709, and supplies the color
signals Rex70s, Gex70a, Bex709 L0 the photoelectric transducer
63. Then, control goes to step S4.

In step S4, the photoelectric transducer 63
converts the coior signals Rexi0o, Gex70sr Bex70e SUpplied
from the primary color converter 62 into color signals
R'ex709, G'ex70e, B'ex70¢ based on the photoelectric
transducer characteristics according to the ﬁresent
invention, and supplies the converted color signals R'ex7oo,
G'ex709r B'ex700 to the color signal converter 64. Then,
control goes to step S5.

In step S5, the color signal converter 64 converts
the color signals R'ex70s, G'ex709r B'ex700 supplied from the
photoelectric transducer 63 into a luminance éignal Y'ex709
and color difference signals Cb'.xica, Cr'ex709 according to

the present invention. Then, control goes to step S6.
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R eX709f G ex709r B' ex70og based on the photoel ectric
transducer characteristics according to the present
-invention, and supplies the converted color signals R
ex709 r G ex709, B .x7C9 to the col or signal CO”%%E&%@BS
64.- Then, control goes to step S5. In step S5,

col or signal converter 64 converts the color signals
Rwex709, G ex7()g, B ex709 supplied fromthe
phot oel ectric transducer 63 into a | um nance signal

Y' .7().g and color difference signals Cb',,~?c)q,

Crtex7o al p¥e o)
controlggggggﬁgsggeEH%G&gﬁ% -%%23%35 ngéééﬁx%éh%qﬁnal

CRILNGEl-PLy 64A <9<§rrtelﬁﬁl‘:sc 9&19%1:9.11199%111@5‘3 %‘%V%Egeiurﬁl ance

corrects invalid val ues m nance

Y's, 9vand. t redif I
G o oitihe E S%ér’o&qcer&@?%@‘%?%%é%%ﬁ%g% ?. Sty

:(h%v x?gr%&eﬁ LA SULRES mhgtewa nance si gnal

9 into a | um nance signal exX7®@ in a

nuner i CalpdaRdeal 1 9M thd Q:cﬂrr%c‘%%ﬁ:' BeA dingpLo the

pr esent |nvent|on and corrects the color difference

Sﬁgﬁ@hén@ &?:2@7.&3 S‘gX?LQl%o' ot Dkl D dishfanenee, ., in a

signals + Cb' ex709, & "ex709 in a nunerical range from

- Quidri®a 0. Rbgdetbhed escordliigitadt BecHF&SeN o the
i nvention. For exanple, the corrector 64A corrects

t Peebénti NaREStSbanNahny €370+ RGN chSos @ &L rdaan 0
into 0 and corrects the | um nance

signals Cb'cx7ps, Cr'ex70s into color difference signals

Chb'ex709, Cr'ex700 in & numerical range from -0.57 to 0.56
defined according to the present invention. For example,

the corrector 64A corrects the luminance signal Y'.x7o9

which is smaller than 0 into 0 and cérrects the luminance
signal Y'exioo which is greater than 1.0 into 1.0. The
corrector 64A also corrects the color difference signals
Cb'ex70o, Cr'ex7es Which are smaller than -0.57 into -0.57,
and corrects the color difference signals Cb'cxros, Cr'ex09
which are greater than 0.56 into 0.56. The corrector 64A
expressés the corrected luminance signal Y'ex70s and the
- corrected color difference signals Cb'ex7co, CT'ex700 |
according to the present invention with the 8 bits
described with reference to FIG. 5, and supplies the
| luminance signal Y'ex709 and the color difference signals

Cb'axi0a, Cr'ex0e to the encoder 28. Then, control goes to .
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signal Y ,x709 which is greater than 1.0 into 1.0. The
corrector 64A also corrects the color difference
signals Cb'ex709, C'ex709 which are smaller than
-0.57 into -0.57, and corrects the col or dlfferefﬂg;eﬁ>50 35
signals Cb' ex709, Crex709 which are greater than

into 0.56. The corrector 64A expresses the corrected
| um nance signal Y ex709 and the corrected col or

di fference signals Cb' ,x709, C' ex709 according to
the present invention with the 8 bits described wth
refienenge to FIG 5, and supplies the |um nance
signal Y ex709 and the color difference signals

Cb', X709y Qe K09 tRet BE-SNCOURT ABoddBethe COM RN ce
goes to 46 SO POO35 . step S7. In step S7, the encoder

2851%Qd@3ext7&eahblnﬂﬂ@rﬂ‘{ﬂ_ors'dglﬁﬁlergnce 79raNg tBeex‘:f&l or
di fference signals Cb',-.70 Crl,,,, 709 supplied

fraam.i-be b8 gas &@\é@ﬂb@»r s®4napcedirhgrt g4a
predeterm ned format such as MPEG for exanple, and

S WHoir@sn heo respildit ransedets da@ unt B8 MESRL reld er
29. Then, control goes to step S8. In step S8, t he
conbrpllbpraR® Sutpnlicesthherensndat Sabacaugpli ad fuam
the encoder 28 to the recorder 30. The recorder 30
reeartdsliae BnCodnen faientdipljoed tpostddiesg control | er
29 in the recording nedium 11 shown in FIG 1.
Control Imhereposs,t ehst@mtIdller sbepuSdiddehe encoded
operation unit 21 determ nes

data supplied from the encoder 28 to the recorder 30. The

. recorder 30 records the encoded data supplied from the
contreller 22 in the recording medium 11 shown in FIG. 1.
Control then goes to step §9.

In step S9, the operation unit 21 determines
whether there is a request to stop fhe image capturing
and recording process or not. ;

If it is judged in step S9 that there is no request
to stop the image capturing and recording process, then
control goes back to step S1 to repeat the image
capturing and recording process; If it is judged in step
S9 that there is a request to stop the image capturing
and recording process, then the operation unit 21
instructs the image capturing unit 61 to stop capturing

~an image, and also instructs.the controller 29 to stop

recording a captured image. In this manner, the image .
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whet her there is a request to stop the i mage capturing
and recording process or not. If it is judged in step
S9 that -there is no request to stop the inmage
capturing and recordi ng process, then control 90£8§=p093
back to step S1 to repeat the inage capturing and
recording process. If it is judged in step S9 that
there is a request to stop the inmage capturing and
recordi ng process, then the operation unit 21

instructs the inmage capturing unit 61 to stop

Capiptiirigy aRAd | F8EesqiaRd pabelsk Nsd rdGispelghe control ler
29 to stop recording a captured imagé. In this

manner, the imegecki SASPO935 ﬁmt&hbngemléf&&)%dégver
process is stopped. FIG 14 shows in block formthe

t eloewirskae Kecefsaim sHwal 1hherdv 1Sayst@Hb§@0;%\ﬁﬂéﬂ Je Ene
11. Those parts of the television receiver shown

| teffeGd sidn Wi edi vaire 70 @eBlvhCah #105.t NASQROEnt Age
tel evision receiver 2 showmn in FIG 3 are denoted by

I delhic€ahl ref enfnee cFURBEALS] e P orWrklbeROLErDE shown in
described in detail below In FIG 14, the tel evision

I @uel verard ddittedesyaidehBELL SeGRdbnbBPHtmePlls Alnd
| um nance and color difference signal converter 71,
amil DVRES Gopliisealipetr ie défasdeqast,. 72, a primry
- color converter 73, a color signal corrector 74, an
‘i nherentiny Fehar ag} ethStiCievic@bheet®Eividys B Biludes an
converter 44, and a display nmechani sm

image signal input unit 41, a luminance and color

4]

difference signal converter 71, an inverse photoelectric
'transducer 72, a primary color converter 73, a color
signal corrector 74, an inherent y characteristics
corrector. 75, a D/A converter 44, and a display mechanism
76.

The luminance and color difference signal converter
71 converts the l.uminance signal Y'exi0s and the color
difference signals Cb'ex7os, Cr'ex70s supplied from the image
signal input unit 41 into color signals R'ex700, G'ex700s
B'ex709 based on the photoelectric transducer
characteristics according to the following eguation (8),
and supplies the color signals R'ex70s, G'ex709, Bex70s LO

the inverse photoelectric transducer 72:

48




76. The | um nance and col or difference signa

converter 71 converts the lum nance signal Y ,,,7()g
and the color difference signals Cb',,:,, 709,

Cr'e. 709 supplied fromthe image signal input unit

into color signals Rwex709r Vex709r B ,,,.709 bé&EE%%35

on the photoel ectric transducer characteristics
according to the follow ng equation (8), and supplies
the color signals R%, 709, G ex7oq, Blex709 to the

I nverse photoelectric transducer 72: 48 SO05P0935
1.0000 Q. Q000 p47- 1.0 0 0 - 0. 1873 -0.4682 1.000 t
859F6emn .| §. QW0 &9640 f ilcEMP ] Yt gy l'umi nance and

cql Bg,6li 1 e o —sitgrsal-ocmgye @i&é’gﬁ% I sets the

| g’ napge: siomdh Y4 8556709 &ho LRe i ntegral value in
the integral range frgh1%€&%%_ @é?gy ich can be
expressed in 8 bits, to a value in a nunerical range
fromoO tg,ckiG; andyal s sf %8%3 1o Ui Fr
differgﬁgé giéhalsbe'€§78%§I%$ﬁgxg o? ?%eéianSPgF
Valii8al Ned e il LMk F ANGE: 1AL LR %géngfl h gan,pe
expressed in 8 bits, to a value in a nunérical Tange
fE931iﬂéhégéf(%éiu§6inTPﬁe|$HE%§?3§ex%ﬁ CeLOR 16 to 235
di fference signal converter al so converts the

| 4HE BRNES LBONBlprLc8Xd08h £4PReSSed Lnvhhge nymeri cal

range fromO to 1.0 and the color difference signals
ChuRE/ 081 FalRye’ 32o8XPr €5SED | Ridd@150 sets each of the

r

color difference signals Cb'a.xice, Cr'ex70s of the integral
value in the integral range from 1 to 254 which can be
expressed in 8 bits, to a value in a numerical range from
-0.57 to 0.56. The luminance and color difference signal
converter 71 also converts the luminance signal Y'ex7o0o
expressed in the numerical range from 0 to 1.0 and the
:color difference signals Cb'exrge, Cr'ex7os expressed in the
numerical range from -0.57 to 0.56 into color signals
R'ex709r G'exi09r Blex709 according to the equation (8).

The inverse photoelectric transducer 72 converts
the color signals R'ex709, G'lex70s, B'ex70s supplied from the
luminance and color difference signal converter 71
according to the photoelectric transducer characteristics
of the present invention. Specifically, the inverse
photoelectric transducer 72 converts the color signals

R'ex109, G'ex703, Blexros supplied from the luminance and
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nunmerical range from-0.57 to 0.56 into color signals

, X70gr B ex709 according to the equation (8) R

ex709, W The inverse photoelectric transducer 72
converts the color signals R ex709, G ex709, B ex/f935
supplied fromthe |um nance and col or difference

signal converter 71 according to the photoelectric
transducer characteristics of the present invention.
Specifically, the inverse photoelectric transducer 72
converts the color signals R 'ex709, G'ex709, B

exHldrsuppreeshdd Adnke kuAvasnce ANd MY S89FP938nals
col or difference signal converter 71 into col or

SIRP3b,S GREX7 B0 09-d iBRX €89 tagCondi @it P échﬁ;ion (9},

follow ng equation (9), and supplies the color

SizgalsspReXdd Xk hCenld, sBexd D9 1.0t Necploh 1oy, 6 0Pt he
converter 73. x ="' /4.5 -00:081 }~ W-~~t 0. 694) 09

<pR8kadbpeebidcaldnyeri-be 7Byerse photoelectric
transducer 72 perfornms a process which is an

L% S QR Q1 +4.be - PU0pRH Der g by the

oel.gctrl c_transducer 63 o ‘deo camera 60
et F1 @A on the col or siGRB SFRe <of7®9- G
exXfear Bi-Rix 109 MapH Fedofy om t he kumi, rancgyand  col or
di f ference signal converter 71, .thgreby convertlng

Specifically, the inverse photoelectric transducer
72 performs a process which is an inversion of the
process performed by the photoelectric transducer 63 of
the video camera 60 (see FIG. 12) on the color signals
R'ex709, G'lex709, B'ex700 supplied from the luminance and
color difference signal converter 71, thereby converting
the color signals R'exvoe, G'_exvog, B'ex70e supplied from the
luminance and color difference signal converter 71 back
into the color signals Rex7os, Gex70e, Bex7os Prior to being
converted by the photoelectric transducer 63 of the video

 camera 60.

The equation (9) is an equation for converting the
color signal R'exr0s into the color signal Rexios. The color.
signals G'exi0s, B'ex70s @are also converted respectively into
the color signals Gexics, Bex7os according to the equation

{9) as with the color signal R'cx709.

The color converter 73 converts the color signals
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the color signals R ex709, G ex709, B ex709 supplied
fromthe |um nance and col or difference signa
converter 71 back into the color signals Rex709,
Gex709, Bex709 prior to being converted by the 0935
phot oel ectric transducer 63 of the video canera B F
The equation (9) is an equation for converting the

color signal R ex709 into the col or signal Rex709.

The color. signals G ex709, B ex709 are also

converted respectively into the color signals Gex709,
Bex Y. gecordigg to fhe;equation 9 i .
coldggéigﬁgﬁ'RegQ 09 héggo?%%ﬁc%%%é%P%%égébggkgg%?%Frlc
 Ne-l0ko3! 90al 5 0 CoITEPIIER, REG(OD. 5 EEXL09aBEX TAY 11
supplied fromthe inverse p otoelecfric Fans ucer 7

| MAnEQYOboSHPRAS RV i BbYay DY RaRA 9B DR DLLIPL
colors of the display nechani sm 76, and supplies e
CAQY 81 gRatsgilie MY e L6l Ocd Nen Aty 51,007k
corrector 74. Specificall’y, the primry colo

CQRYLERLr /Bs CORUREE 1 d 38°| e %%gﬂgkge§%%£p%ﬁnverter

Gex709, Bex709 supplied fromthe’inver ot oelectric

{ mansdhoert d 2hdd 160! OLgn 2l ONEl 5, R, Bl o 3 Veliasr
on the primary colors gfg?%ggq%féﬁf5%”%%%%%ﬁf%ﬁ? A

-ageehdtng 19vdhe Habkow 89 covat ity 72 into color

signals RW, Bivsr Gev based on the primary colors of the

display meéchanism 76 according to the following equation

(10):

- . ; . ,. ,
Ree] [ 0.6675 0.3408 0.0017 (Rono)
iew =| 0.0705 O.8821 0.0583 |1 G, r0g |

B ) | 0.0159 0.0877  0.8964 | 8,500
' e (i)

The color signal corrector 74 corrects those of the
color signals Rty, Bty, Giv supplied from the primary color
converter 73 which cannot be displayed by the display
mechanism 76, and supplies the corrected color signals to
the inherent y characteristics corrector 75. Specifically,
if the signal levels of the color signals Riv, Biv, Gtv
supplied from the primary color converter 73 are not
contained in the range of signals levels of color signals
which cannot be displayed by the display mechanism 76,
then the color signal corrector 74 corrects the color

signals Rev, Biv, Giv into color signals having signal
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0. 6575 0,3408 OA 017 "0 0, 0795 &862t Q 0583 The col or

- signal corrector 74 corrects those of the color

signals Rtv, Btv, Gv supplied fromthe prinmary col or
converter 73 which cannot be displayed by the dis§6 b935
mechani sm 76, and supplies the corrected col or signals
to the inherent i characteristics corrector 75.
Specifically, if the signal |levels of the color

signals Rtv, Btv, Gv supplied fromthe prinmary col or
converter 73 are not contained in the range of

sighad1s havehscoh 66! 8fssi apal by \M?l'ecﬁig?!i]é]?tm@cﬁnanism 76.
di spl ayed by the display nechanism 76, hen t he col or

si gnal cps¥ esip144 §er EREt Soldie Gehah s ﬁivgnélvs B,

Btv, Gv into color signals having signal 51 SéSPCBSS
| eMpps 1wl €6 €2 he i slha%edcbyrd e dizapkay SBChAN SR
76. For exanple, if the color signals Riv, Btv, GV

Supithie@d tBek Nehe AAo1SisgBAkl COSFRLIQr T4 BbBr&éts the
negative values, then the color signal corrector 74

caidlect 8ifhels Gl Pre$i 083! snk Vs Blee G ointo a val ue
of 0. If the signal levels of the color signals Rtvf

Bt,,, Q# t3xppligedlfirerihedihebryl6ep! Hgtorversen.,,
73 are color signals which cannot be displayed by the

g L(fsplsaipplﬁeﬁhﬂflﬁrﬁ s priikafyt Be1 60| @nwwirgeal 780iF&Cidlior
sigiils which cannot be dispiayed by the display

- mechanism 76, then the color signal corrector 74 may
correct the color signals Ry, Biv, Gey into color signals,

which have minimum color differences with the color

signals Rivs Btvs Gry, within a color range which can be

displayed by the display mechanism 76. Alternatively, the
color signal corrector 74 may correct the color signals

Rivr Btyr Giv into color signals that keeps luminance, but

has lower saturation.

The inherent ¥y characteristics corrector 75
converts the color signals Ryy, Gtvs Biv supplied from the
color signal corrector 74 into color signals R'i¢r G'ivy
B'ty for the display mechanism 76 in order to inherent

_ corfect Y characteristics in the display mechanism 76 of
the television receiver 70, ana supplies the  color
signals R'Q, G'vvs B'tv to the D/A converter 44,

The D/R converter 44 converts the digital color
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correct the color signals Rt,,, Bt,,, G" into color
signals, which have m ninmum col or differences with

the color signals Rt,,, Btvf Gv, within a color

range which can be displayed by the di spl ay mechapisigas
76. Alternatively, the color signal corrector 74 may
correct the color signals R,, Btv, Gv into color
‘signals that keeps | um nance, but has | ower

saturation. The inherent y characteristics corrector

75 converts the color signals Rt,, Gv, Btv supplied

f romgid1e reol,064), QBaLv GRPHEEEAr £#dn 111D 16BLPERSI gnal s
Rrty, Gt, B't, for the display mechanism 76 in

oreterrac ciriber et coneidtect 7% ehakasi8ldSlbesri Bighels
di spl ay nmechanism 76 of the television receiver 70,

arrd csuppl o £SB the-amd arupsiigraksieRatilods doloB diynkds R' (.,
the DA converter 44. The D/ A converter 44 converts

t ¥ odi @ tal tcaher dB2p BOPREEAmsignalks Rtv, Gtv, B tv
supplied fromthe inherent y characteristics

cor r ect orhe/ Siismtla yanatiogn Lok 076 sirgnabiss K ¢xT &2 thhe like,

Btv- and supplies the anal og color signals R tv,
Gand, dBspVay® drherdigepbayedechatiis molbr thendispkay, 6'w,
mechani sm 76 includes a CRT or the Iike, and displays
aB'begeriasddfom tiie eglRorosirgnats KR .t VIh& displdytv
supplied fromthe DA converter 44. The display
meehbanssm 76 aceording to the mresent ihtvenidond s
arranged to express, i.e., display, colors in a wder
arranged to express, i.e., display, colors in a wider
color range than the display mechanism 45 shown in FIG. 3.

An image display process performed by the
television receiver 70 shown in FIG. 14 will be described
below with reference to FIG. 15.

In step 521 shown in FIG. 15, the image signal
input unit 41 acquires an image signal. The image signal
input unit 41 also decodes the supplied encoded data
according to MPEG, for example, and supplies a luminance
signal Y'eys09 and color difference signals Cb'exios, CI'ex709

_ which are produced from the decoded data, to the
luminance and color difference signal converter 71. Then,
control goes to step S22.

In step 522, the luminance and color difference

signal converter 71 converts the luminance signal Y'ex7os

and the color difference signals Cb'exios, Cr'ex709 supplied
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col or range than the display nechani sm 45 shown in

FIG 3. An inmage display process perforned by the

tel evision receiver 70 shown in FIG 14 will be
described belowwth reference to FIG 15. In st§ﬂg 935
S21 shown in FIG 15, the image signal input uni f?
acquires an imge signal. The inmage signal input unit
41 al so decodes the supplied encoded data according

to MPEG for exanple, and supplies a |um nance signa
Y',,,709 and color difference signals Cb' ex709, C'
eXFhth tWRi Sl d esjjgﬁﬁciuq%gufcr oMt her Ci%%d%lglgét &ighdis

the 1um nance and col or difference signal converter

R RSN G SN BOL,, 0083 cbRASEEP SAhe LRuSESBn PR, LR
| um nance and col or difference signal converter 71

CopRNiSst hige ldiraneensi gnat,, X, ex709,,, angl Lhe colafe
di fference signals Cb" ex709, G ex709 Supplied 53

SQ3Re93E fraBdiR@ tirTRIe rghefdted MUl HREL, AdortHd goes
color signals R ,x709f G..709, B ,.-70g accordingto

the eguptson (8) , and supplies the color signals
R,,709, dex,7()gr B ,,709 to the inverse

- phot oel et sitept 5285 dIELT i P2 rsENBRo L 68T #1041 I988nstifcer
step S23. In step S23, the inverse photoelectric

t 7angdheerts theCeBYBEL §ighel £ H QL,os1 @nals, Reex 091 |
‘G ex709,. B ex709 supplied fromthe | um nance and

celippl tid fRfBNEReSI GNdhan €0 MRT RN o£1dl PEOr&AIDOlsignal
signals R x709, Gex7og, Bex70d
converter 71 into coleor signals Rexrosr Gexvosr Bex709
according to the equation (9), and supplies the color
signals Rexros, wamr‘anw to the primary color converter
73. Then, control goes to step 524.

In step 524, the primary color converter 73
converts the color signalsARanm, Gex709r Bex70s Supplied
from the inverse photoelectric transducer 72 inte color
signals Riv, Gtv, B:v based on the primary colors of the
display mechanism 76, and supplies the color signals Rev,
Givs Bty to the color signal corrector 74. Then, control
goes Lo step S25.

In step S25, the color signal corrector 74 corrects
those of the color signals Ry, Gty, Biy, supplied from the
primary color converter 73 which cannot be displayed by

the display mechanism 76, into displayable color signals,

and supplies the displayable color signals to the
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according to the equation (9), and supplies the color
signals R ,,-109, Gex709, Bex709 to the primary col or
converter 73. Then, control goes to step S24. In step
S24, the primary color converter 73 converts the §8é§5935
signal s Rex709r Gex?ogr Bex709 supplied fromthe

i nverse photoel ectric transducer 72 into col or

signals Rt~,, Gv, Btv based on the prinmary col ors of
the display nmechani sm 76, and supplies the col or
signals Rt,, G&v, Bt, to the color signal corrector

74 nriRMe ORI QEct?P ©ps L OTRLED g%%%chﬂg%ggpt§2§to#f§ba

col or signal correc 4 correéc

si gnal s fgvsE§%¥E€§UQHEI§9%££%§%D ey ctBE'H@réoﬁ5%§Us

converter 73 i ch’cannot the

MeGRaicI 76 ghdt O i spd.ay sﬁ}%ﬂ cﬁ'fg‘%ﬁl Bhe égijor

supplies the dlsplayable co or signals,to the 5

SQHRAA3S chiphesest M GRLLeeLObr 784 Jheng gontsf'(zl, €3
to step S26. In step S26, the In %erent y corrector 75

Ceits nkhes caleor, Sék%@&e@ﬁ'stic?lnhel%'ht suPpkLed

fromthe Color signa orrector nto col or S|gnals

RielevBsion FeddivedCqaldhhg tepphesy tﬁ@aﬁéﬁ&fréf'éﬂ&l%
inherent in the television receiver 70, and suppl 1 es

t ke .£oleot, SIEgNAltS the D/A converter 44. Then, control

- goes to step S527.
In step 827, the D/A converter 44 converts the
digital color signals R'W,IG'WT B'eww supplied from the
inherent v corrector 75 into analog color signals R'ty,

G'tvs B'tv, and supplies the analog color signals R'ty, G'tvs

B'tv Lo the display mechanism 76. Then, control goes to
step S28,

In step S28, the display mechanism 76 displays an
image based on the color signals R'wy, G'iwy, B’y supplied
from the D/A converter 44. Thereafter, control goes back
to step 521 to repeat the image displaving process.

FloWs of signals until an image captured by the
video camera 1 is displayed by the display mechanism 70
will briefly be described below with reference to FIG. 16.
The arrows in FIG. 16 represent processes such as
conversion.processes on the signals.

Processes 81 through 83 are performed by the video
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Rtv- Gtv, Btv to the DA converter 44. Then,
control goes to step S27. In step S27, the DA
converter 44 converts the digital color signals

Rt,,, Gt,,, B't" supplied fromthe inherent y gg5ppg35
corrector 75 into analog color signals Rtv, Gt,,,
B't,,, and supplies the anal og color signals Rtv,

Gtv, Btv to the display nechanism 76. Then, contro
goes to step 528. In step 528, the display nmechani sm
76 di splays an image based on the col or signals

R tameraGILvanB proseppdd ed threuyh hes A ¢erreries Y.
Thereafter, control goes back to step S21 to repeat

t hehe mejevdssphayeagipsoc@ss. Flows of signals until

an i mage captured by the video canera | is displayed
by the dhspleagerecipanirem B0 tié limaki ebbyubenglagard edor
below with reference to FIG 16. The arrows in FIG
16heepridlsentane og e66 eiss Swhkredsed CONUEISIZQD PHAGCESSES 23
on the signals. Processes 81 through 83 are perforned
byartcheuppdted 5bs SEBRAO3E gralerR., 1, Gandepr baesgesn Yhe
through 94 are perforned by the television receiver
7Qrimarymegeccapifirge bwnatbecapmge eaphdtti By Uséd 5.
of the video canera 60 is converted by the A/D
cdrVetbeth® P riamd s updbiredoase ciad 016251 ghakl EpnvertEexhe
B, x based on the primary colors of the inmage

captlori agognmis RBl, (Gee BiGnto color signals Rexvos, Gex70or

Bex709 based on the primary colors under BT.709 (the
process 81).

Thereafter, the color signals Rex70s, Gex709, DBex70s are
converted by the photoelectric transducer 63 into color
signals R'cx709, G'ex708, B'exvog according to the
photoelectric transducer characteristics of the present
invention (the process 82). The color signals R'exios,
G'ex709, B'ex709 are converted by the color signal converter
64 into a luminance signal Y'ex700 and color difference
signals Cb'ex70s, Cr'ex70s according to the present invention

{the process 83). The luminance signal Y'exi0s and the

, color difference signals Cb'ex7ss, Cr'ex70s are encoded by

the encoder 28 into encoded data, which are recorded by
the recorder 30 or transmitted through the network 12.
In the television receiver 70, the encoded data

supplied from the video camera 60 are decoded into a
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12) to the primary color converter 62, which converts
the color signals R ~x, Gex, B,,~ into color signals
Rex?ogr Gex709r Bex7og based on the primary colors
under BT.709 (the process 81). Thereafter, the cg¢§§0935
signals Re,, 709, Gex?ogr Bex7og are converted by
phot oel ectric transducer 63 into color signals

Rl ex709], G ex709, BFex7og according to the
phot oel ectric transducer characteristics of the

present invention (the process 82). The color signals

Rmael%nc'eGs@?ﬁ&mB BX-diRY c%ﬁ%r085¥fé£&gc@ysf\9!ﬁ%l§°| or

Si gnal conver into a | um nance si gna

angh¢ol or C@"ffﬁe%%grd§ﬁ@n@£ St res 99 ifdnt s AP ;he

accordlng tot present i nvention . (the process 83

Trl%:dllrh&hﬁéngﬁgﬁéﬂnﬁ Xg a?ﬁa( )tﬂeaengPedlﬁfgx%rnce sig allos
di fference signals ? 9, Cryex7og are encoé 3

t ey rgneodern-128.J at-e 8@&@@@&@@ﬁth@1h8ﬁlﬁé§cé%ﬁf%‘ior

by the recorder 30 or transmitted t hrough the network

12irkBreheet &l @SiQRvEeSEE VR o tha eNcegRs dad oo,
supplied fromthe video canera 60 are decodéed into

56 ' 50550935, L UBhBARCEn SiMNGIho¥ 01809 880k S Qfucer
difference signals Cb'e. 709, Cr..709 according to the

prasesttéAventd Prccbi8ind U ra{a:%x%sgﬂ@l iNvent/Qh fide
the color difference signals Cb'é.709, Cr'e.709 are

copyessedoby. t Bgebumance and eohfhatdd forpnae wigpal
converter 71 into color signals R,,,-7c)g,
and the color difference signals Cb'exi0s, CI'exioe are
convérted back into the color signals R'exi0s, G'ex700,
B'ex700 generated by the photoelectric transducef 63 of the
video camera 63,
Thereafter, the color signals R'.x70s, Glex709r Bexv00
aie converted by the inverse photoelectric transducer 72
_into color signals Reyxios, Gex709, Bex70s based on the primary
colors of BT.709, which are generated by the primary
color converter 63 of the video camera 60 (the process
92).
The color signals f\ex—;gg, Gex709, Bex70e are then
- converted by the primary color converter 73 into color
signals Ry, Gtvs Biy based on the primary colors of the
display mechanism 76 (see FIG. 14) (the process 93).

The color signals Rey, Gey, Bty are converted by the

inhe_rel}t v corrector 75 into color signals R'ity, G'iv, Blev
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G e. 709, B eX7og based on the photoelectric

transducer characteristics according to the present

i nvention (the process 91). Specifically, the

| um nance signal Y ex709 and the color difference 0935
signal s cbyex709, Crlex, 709 are converted back i FYF
the color signals R ex, 709, G ex7D9r B',.709

generated by the photoel ectric transducer 63 of the

vi deo canera 63. Thereafter, the color signals

R ,,709r G ex70gj, B ex709 are converted by the

e R LB et A B sboan bR B Y e

' Coéeqre%igg.oﬁ-rrgggivé@iﬁq (%hg. %?Q&g% e§j4 )by e:lhngar Jrary

color converter 63 of the video canerd 60 (t rocess

.g?d)i-spia9e8°iag§ec§icg{] I Igolgfxgi) 1]1 l?%‘{&g Gart\?, t gyibr?{o

x709r converted by the primary Color converter

CHHRr qi8h00al 5 B & 76 Bt, based on the primary
colorslo? tﬁe disﬁ1ay mechani sm 76 (see FIG 14) (the

process A3)sestepedl 9howd I3 v@tdeo%gmeg%\%@ra%d thleor

convert.ed by the inherent -y corrector 75 1nto co

sitgnal ss R ' redBitver Bot ¥an | rég?ro%ﬂﬁ?eﬁ%%@o cCoL da‘ NG d°

t he y characteristics inherent In the television
reeeb¥erardk (e REA66EShd4xp AP cbeding to BT.709

based on éffective numerical values (signal ranges) of
the color difference signals Cb, Cr which are expanded
from those values according to BT.709.

The luminance signal Y of thé image captured by the
video camera 60 is in compliance with BT.709, and the
color difference signals Cb, Cr are also in compliance
with BT.709 with respect to the range from -0.5 to 0.5.
Therefore, when the luminance signal Y and.color
difference signals Cb, Cr are processed by a television
receiver according to BT.709, then an image can be

~displayed by the television receiver in the color rangé
according to BT.708%.

| In the video camera 60, each of the primary color
converter 62 and the color signal converter 64 can be
implemented by a ciréuit for calculating a 3 x 3 matrix,

and the photeoelectric transducer 63 can be implemented by

. a one-dimensional LUT (Look Up Table). All of the primary

58




di spl ayed based on the color signals Rtv, Gtv, Btv

by the display nechanism 76. As descri bed above, the

vi deo canera 60 and the television receiver 70 can
reproduce colors in a wde color range.that cann§55§5§35
expressed according to BT.709 based on effective

numeri cal val ues (signal ranges) of the color
difference signals Cb, Cr which are expanded from

. those val ues according to BT.709. The |um nance signa

Y of the image captured by the video canera 60 is in

cmldrareg vty Bb. 7@%@; ﬁﬂgtggfeamlcortrghgﬁﬁ{:gf_]c@,?, and

signals Cb, C are also in conpliance

Withia 1:83B8CE i drth1t f&%nﬁr@@ﬁ@rf EOM4.0. a@.stoobg §mpl mented by
Therefore, when the | um nance signal Y and co? or

disf karescgi s @3 1ChyrCr are processed by a
tel evision receiver according to BT.709, then an

i mage cam hge disolayesh beddhiectehgyision decejver in
the color range according to BT.709. In the Video

CaRt 8ab0e AACRALrt RerpLioBsy s%lnaﬁ cSﬂGé’?Eéler’?ﬁ?ar@nd
the color signal converter 64 can be inplenented by a

CitheUpkih®Fy Gal1ou abhtfrfes 78 3MBLE Xmpl &REhE e by a
phot oel ectric transducer 63 can be inplenented by a

operdhiensdonah LTt {Look 4n Tabler)x, Ac‘lllld Q;aél’h%f the
primary 58 SO5P0035 color converter 62, th

pheveetecindteet bansdy O@fa@s?duc@id 72t er‘d coLo rlrm&@!t y
converter 64 can also be inplenented by

corrector 75 can be implemented by a one-dimensional LUT.

All of the luminance and color difference signal
converter 71, the inverse photoelectric transducer 72,

the primary color. converter 73, and the inherent v

corrector 75 can also be implemented by a three-
dimensional LUT.

In the present embodiment, the range of negative

values of the photoelectric transducer characteristics

according to the present invention is provided as an
expansion of the photoelectric transducer characteristics
| according to BT.7089 in point symmetry with respect to the
origin. However, the range of negative values of the
photoelectric transducer characteristics according té the
present invention may not be provided as an expansion of
the photoelectric transducer characteristics according to

BT.709 "in point symmetry with respect to the origin.
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a three-dinmensional LUT. In the television receiver

70, each of the |um nance and col or difference signa
converter 71 and the primary color converter 73 can

be inplenmented by a circuit for calculating a 3 505%0935
matri x, and each of the inverse photoelectric
transducer 72 and the inherent y corrector 75 can be
impl emented by a one-di nensional LUT. Al of the

| um nance and color difference signal converter 71,

the i nverse photoel ectric transducer 72, the primary

CHherGOBMET Ead 3 f 3RAENG | PREIENT &Y + HeOPREE O e fDric
can al so be inplenmented by a three- dinensional LUT.

| rrbheahkes efha fAMQdiinRALs LOSF@NAL «f tReUBLLYEN L
val ues of the photoelectric transducer characteristics

aGeRedtNEn tha ) NG RITLSRPLNENYEN A ON HeyRHQY H8058S AR he
expansi on of the photoel ectric transducer

Chapastest 61 € St rAaeRcdiNgnt £ Bl riQ3 i3 BRLRELSYITRS Iy
wth respect to the origin. However, the range of

negatirver veddes @fr thempphot oel ectric transducer
characteristics according to the present invention

ey not ke tPeoWi-de6n ASerdbAXRARS | BReObreddt invention is
phot oel ectric transducer characteristics according to

Bipg09ed Nt Poim lex iR HA Yo M BTh 78S Pegbwd R4, henQr bgkBent
59 SO05P(MO35 Rat her, the range of negative val ues of

t hevehoiqel_clalise abpansavcertL£Rar aghbahkséh G other
according to the present
standards, e.g., BT.601. According to an expansion of
BT.601, however, matrixes used in the signal converting
- processes are different from the matrixes according to
the embodiment of the present invention. For example, the
'signal converting process that is performed by the color
signal converter 64 shown in FIG. 12 employs the
following equation (11) instead of the equation (7):
' ﬁg,'exﬁ!?i‘l-} r 0.2080 ©0.5830 0.1140 ?R?ﬁs\:ﬁmw
| Ob et i*é ~0. 1687 —0.3313  0.5000 & suaof
_Gf sttt ;| 0.5600 -0 4187 -0, BSII:’,‘{,L%’@;W; ;
LY {El)

Similar expansions may be applicable to other
standards wherein a color difference signal in a certain
numerical range is assigned to an integral value in an
integral range which is smaller than an integral range

that can be expressed by a plurality of bits.

The above processing sequence may be performed by
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i nvention may be an expansion in a negative range of
the photoelectric transducer characteristics
according to |ITU R BT. 1361, for exanple. In the
present enbodi nent, the present invention is applied

to an expansion of BT.709. However, the present 505F0935
invention is also applicable to an expansi on of other
standards, e.g., BT.601. According to an expansi on of

BT. 601, however, matrixes used in the signal

converting processes are different fromthe matrixes

acgfgﬁgfuﬁang%Eg Sfrbodi Nt of the present invention.

For exa si‘gnal’ cofverting process that is

per f or ma?f b%/hé Bﬁto%%ls%flol sgglﬁén&eorh.verﬂe?:rf(oﬁseahgngqso%wélre:

FIG 12 | GWng equat i

Oftﬁé}? e%H?‘:\%QP%(%oggmo%gogiwgﬁg%‘lec? frrlo:ln4% recgr&l

. 3313 . 5000 O ar ‘expansi ons mnma

b@né&ﬂﬁﬂ Gablea t Ot i o%t8899é§%éa“ﬁﬁfaq%r% gol or

di fference S|gn |n a certarn nunmerical range is
aspianed Lo |1V | pLegr g
mﬁﬁih IS énﬁ er ﬁﬁﬁﬁ ?hﬂg @#a@g%églﬁghg% %ﬁ% gg

expiessed by,a R tbrfag;etrxfgs}% }P% Oéagdgg%ggg%%%gﬁg%és%&%n

sequence nay be perf

h@ﬁ@@@gﬁsoingggﬁmggQhekglhhe processi ng sequence is
performed by software,

As shown in FIG. 17, the recording medium includes
a package medium such as a magnetic disk 111 (including a
flexible disk), an optical disk 112 (including a CD-ROM
(Compact Disc-Read Only Memory), a DVD (Digital Versatile
Disc), a magneto-optical disk 113 (including an MD (Mini-

" Disc) (trademark)), or a semiconductor memory 114, which
is distributed to provide the user with the program
separately from the personal computer 100, or a ROM 102
storing the program, or a hard disk incbrporated in the
recorder 109, which is provided to the user as being
incorporated in the personal computer 100.

The personal computef 100 has a CPU 101 for
controlling overall operation of the personal computer
100. When the CPU 101 is supplied with an instruction
from the user through an input unit 106 having a keyboard
and a mouse via a bus 104 and input/output interface 105,

the CPU 101 executes a program stored in a ROM (Read Only
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then a software programis downl oaded from a recordi ng
mediuminto a conputer of dedicated hardware or a
gener al - pur pose personal conputer 100 shown in FIG 17
whi ch is capabl e of perform ng various functions @§§5535
on progranms installed therein. As shown in FIG , -
the recordi ng nediumincludes a package nedi um such

as a magnetic disk 111 (including a flexible disk),

an optical disk 112 (including a CD-ROM (Conpact

Di sc-Read Only Menory), a DVD (Digital Versatile
DiMjoryg megnetzatephibeate i skedd S0l Aok udhigs ad Mdgram
(Mni- Disc) (trademark)), or a sem conductor nenory
1¥hicahiiehrebd it riHaubRdnke; Br Qvdide hherHaesp i tin
the program separately fromthe personal conputer

1Q0Qskon1a, REM tZnetotbipidchheqpseanamo0kna hard di sk
incorporated in the recorder 109, which is provided

t Geiiecnsgctas heidly 11nCRhPek af £d:drhelRBIPELSEN@ ive
conmput er 100. The personal conputer 100 has a CPU 101

-fano eaatisstangover ahk epesaddonoef theopgrsmialrandon

conmputer 100. When the CPU 101 is supplied with an

| astesst Memor ) A3, handSeke bt €41 GheaN obBRY p ey £arl 06 The
havi ng a keyboard and a nouse via a bus 104 and

| Ut Lout putputy ektacebifbned the tEBRU=204uexss W st
program stored in a ROM (Read Only 61 SO05P(0935 Menory)

10620gAbh etdain weltypntt hei €PLbAGkViegds aipsney amd whi ch

is read fromthe magnetic disk 111, the optica
speaker. The CPU 101 acquires data form the input unit
106 which also has a tuner, a camera, or a microphone.

‘The CPU 101 also controls a communication unit 108 to
communicate with an external circuit and éxchaﬁges data
with the external circuit.

The communication unit 108 may perform wireless or
wired communications or both wireless and wired
communications. The communication unit 108 is not limited
any communication processes. For example, the
communication unit 108 may operate based on a wireless
LAN (Local Area Network) according to any of various
-processes such as the IEEE (The Institute of Electrical
and Electronic Engineers, Inc.) 802.1la or 802.1lb or
Bluetooth for wireless communications. The communication

unit 108 may also operate according to any of various

processes such as Ethernet ({(registered trademark), USB,
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di sk 112, the magneto-optical disk 113 or the

sem conduct or nenory 114 which is connected to a drive:
110 and installed in the recorder 109, into a RAM
(Random Access Menory) 103, and executes the | oaded,;q35
program The CPU 101 outputs data obtained by the
execution of the programto an output unit 107 having
a display and a speaker. The CPU 101 acquires data
formthe input unit 106 which also has a tuner, a
canmera, or a mcrophone. The CPU 101 also controls a
CATUREEAB B ONFHAI i AQB doPmua0ARENbEAt € Wi th an

external circuit and exchanges data w th the externa
ci rcui t. rHheRmNiFeat bOPFMRhingl QR cMBYoPEN S &S dBssing
wireless or wred comuni cations or both wrel ess and
WigeR@lenea Mz St iryts:1 1EAe i fO8MK CiniR Nt hrd@$h 1 5
not limted any comunication processes. For exanple,

t B re@OBALINL €6t O dotininl 08t 1Y ena! @ubased AN scal
wirel ess LAN (Local Area Network) according to any of

ValreaUSe s BIELSSRS Toitehnas, thedd Rz 1( Theelnstét ute of
El ectrical and El ectronic Engineers, Inc.) 802.11a or

8B2obcast im ueidiehviar ami 110t £5f ORI §3t 4 ORSutel)e a
communi cation wunit 108 nmay al so operate according to

anypdeih, Var i s 1iMeQCeESRScSHEdras Et hernet (regi stered
trademark), USB, 62 S05P0935 or | EEE1394 for wired
conmuni cat itass prébenpragamikaripar f kel sigghehahoree
processi ng
descriptive of the program stored in the recording medium
include not only processing details that are carried out
chronologically in the order of the steps, but also

processing details that are carried out parallel or

individually, rather than chronologically.
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sequence may be installed into the conmputer through a
wired or wireless communication nmedi umsuch as a | ocal
area network, the Internet, a digital satellite
broadcasting nmediumvia an interface such as a router,
a nodem or the like, if necessary. In the prese§R5PO935
specification, the steps that are descriptive of the
program stored in the recordi ng medium include not
only processing details that are carried out
chronologically in the order of the steps, but also
processi ng detail s that ape fﬁgried out parallel or

i ndi vidually, rather than cﬁronologically. 63 SO05P(MO35
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processing co S an ng a

&
Sl nal 20Ghepl Ung ULREENGE 21 AR COMRLLI g Zot0x

primary COl or conver ng unrt f'or “conver St

Ci®re2LA0al & A0 BELIRLY,£O! OF points 1n.a i de
col O

.
col or range than pri mar poi nts according to a

D e et P RAB0E N0 CRLPL SULIEESNGE g

signal s range are assi gne

an; Lht . [ firsts | ral._r ich is
S%ﬂsgr@&{% M8 o R8s fid TSt i%gﬁogaﬁg%gtMn h

n an i ntegral " range expr essed

b%iaerpc&ﬁéﬁiﬁ@ﬁdg:tﬂ%hsgriﬁg gﬁﬁggdggghgg éééH?Hfig to

based on primary colors according to sa
Predel &1 ARG 3 aRdABdrd by which color difference

signals having a first numerical range are assigned to an
integral value in a first integral range which is smalier
than an integral range which can be expressed by a
plurality of bits, into second color signals based on
primary colors according to said predetermined standard;

a characteristics converting unit for converting
said second color signals into third color signals
according to photoelectric transducer characteristics
defined in & numerical range which is greater than a
numerical range of color signals corresponding to a
luminance signal and coler difference signals according
to sald predetermined standard;

a color signal converting unit for converting said
third color signals into a luminance signal and color

difference signals; and

a correcting unit for correcting the luminance -
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.a characteristics converting unit for converting said
second color signals into third color signals

according to photoelectric transducer characteristics
defined in a numerical range which is greater tha£b§%0935
nunerical range of color signals corresponding to a

| um nance signal and color difference signals

according to said predeterm ned standard; a col or

signal converting unit for converting said third

color signals into a | um nance signal and col or

difii@aneenstanal &y andac695fesid g Wihle 9%2% unit

correcting the lum'nance 64 S05P0935 signa erat ed

by rd @ ¢ohohadINdlgne@nNYeEbifhdNid sgiiag gggggggliﬁg%gf

signal according to said predetermne

citeekirAy dfe cRhetedhbf enencs s dnalrs repenes aled Hy
said col or signal converting unit into color

digkher-aneg 15y WRals colod §860H JUHRIHGAL LARECinto color
containing said first nunerical range, “said col or

didfifreeeasee Sigpahs BRI BOs@SSIINRGSQ AR LRLESr AnthYey
in the second ™ nunerical range which can be expressed

byasai €ipstirdidery ca®f rBhds, aidR@18rIRRErPFOCESHRBals
apparatus according t«0 claim11, wherein said

pbet 6gl @64 idriad LaNsHUCEFegARAQLQS St tRS SE&oidd) POI Nt
symetry with respect to an origin.

numerical range which can be expressed by said plurality
of bits.

2. The signal processing apparatus according to
claim 1, wherein said photoelectric transducer
'chéracteristics are in point symmetry with respect to an
origin.

3. The signal processing apparatus according to
claim 1, wherein all of said primary color converting
unit, said characteristics converting unit; and said
color signal converting unit comprise a single look up
table.

4. A signal processing method performed by a
signal processing apparatus for processing color signals
and ocutputting a luminance signal and color difference
signals, comprising the steps of:

converting first color signals having primary color

points in a wider color range than primary color points

65




3. The signal processing apparatus according to claim
1, wherein all of said primary col or converting unit,
said characteristics converting unit, and said color
signal converting unit conprise a single |00k Up gg5pgg3s
table. 4. A signal processing nethod perfornmed by a

si gnal processing apparatus for processing color
signals and outputting a |lum nance signal and col or

di fference signals, conprising the steps of:
-converting first color signals having primary col or
PQidicEdifiga twi depr&dd tirriarge sthada R ipTakpniedl eblor
points 65 S0.5P0935 according to a predeterm ned
Staiffanrenby whitdl £ Al6#i ngdif FeEencamEirarah s rhaye ngra
first nunerical range are assigned to an integra
valssg gnedathi astintdpenakalangen ekt $nsagkhEr rdian
an integral range which can be expressed by a

pliighi iy ekhablds,tHail @nseae8dreDd! @mgeSwvgnahschases on
primary colors according to said predetermnm ned
steapdasdedcopvergliiglsaydosesong, colter ssgnal Soidt 0
‘third color signals according to photoelectric

t sdpsdlisebasehanagtrémiast/i esldef i nedriding tunesigal
range which is greater than a nunerical range of
coplreresegnihsd stamdasgendi ng to a | um nance signal and
color difference signals according to said

pr edet eraqumvedtshgngatdl; second color signals into third

color signals according to photoelectric transducer
characteristics defined in a numerical range which is
greater than a numerical range of color signals
corresponding to a luminance signal ‘and color difference
signals according to said predetermined standard;
converting said third color signals into a
luminance signal and color difference signals; and
correcting the luminance signal generated by said
step of converting said thifd color signals, into a
luminance signal according to said predetermined standard,
- and correcting the color difference éignals generated by
said step of converting said third color signals, into
.color difference signals in a second numerical range
containing said first numerical range, said color
difference signals being assigned to an integral value in

the second numerical range which can be expressed by said
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converting said third color signals into a |um nance
signal and color difference signals; and correcting

the | um nance signal generated by said step of
converting said third color signals, into a |umpance
signal according to said predeterm ned standard, SqngP235
correcting the color difference signals generated by
said step of converting said third color signals, into
color difference signals in a second nunerical range
containing said first nunerical range, said color

di ff.eren kg bei ng assigned to an integral val ue
iﬁglgﬁh ggﬁ%%dﬂﬁhﬁbrical range whi ch can be expressed

by ai d 65 S0RASI0DEM ALY 00 B LonpPec Y A0

for enab nputer to pe m a

5SS BIoBs RS L RL0CSOSL A EEL s SHEDY 10

outputting a ér en

SigRalose pEat fhgi OMalniRLAcES ST fraqs:cﬁsﬁ%l%%ggg%gép&ééﬂe

steps of? converting first cofor signals

prd; co [ S A | der r ,
oy Gol a1 poy e PabeBe Bl AT e LRABE MR e
standar deby which color difference signals having a

first nunerical range are assigned to an integra

val ue | e@ferliShgl REEGF aéolroz?cn%?.gnmgcﬁa{.r%n%?)ﬂm%rryt Rghor
an integral rangé which can be “expresse a
Plodhatstyn of Bidsh dobe SEEANG Q] Yrimary color points
.according to a predetermined standard by which color
difference signals having a first numerical range are
assigned to an integral value in a first integral range
_ which is smaller than an integral range which can be
expressed by a plurality of bits, into second color
signals based on primary colors according to said
 predetermined standard;
converting said second color signals into third
color signals according to photoelectric transducer
éharacteristics defined in a numerical range which is
greater than a numerical range of color signals
corresponding to a luminance signal and color difference
'signals according to said predetermined standard;
converting said third color signals intoc a

luminance signal and color difference signals; and

correcting the luminance signal generated by said
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signals based on primary colors according to said
predet erm ned standard; converting said second col or
signals into third color signals according to
phot oel ectric transducer characteristics defined 5§56535
nunmerical range which is greater than a numeri cal

range of color signals corresponding to a |um nance
signal and color difference signals according to said
predet erm ned standard; converting said third col or
signals into a |um nance. signal and col or

di i T Q51 j ) | ums C
St nceorsbanals: a0t agey Sl e umasncs

CONMAHENRE $ahHalNhbdo QY & %ldsﬁggﬁggeﬁgiﬂéﬁh% rd,

signal according to said predeterm standard, an

CYHEGloirRact hey COlON-Hidf k eRcE.Si Y f@{&a&%ﬂ%@ﬁ%?&é& by
cO S, I nto

said step of converting said third or signa

cQlaid dicbheseneshwd anals sgmdatﬁﬁﬁ@%lmﬁigﬁais! a9,

containing said first numerical range, said color

. dichber anegesdanals pehrgiassi gneshd %Lﬂeérii%@gf%kge
value in the second nunerical range which can be

exRPhessAinHyssSad i itunahbtycof hidgs, @laié_ shosal

processing apparatps for proce33|ng a un1nance_
sidgakrange COl a1 feehengss Shials aRd i n@uL P t4NGe in

col or signals, wherein said |um nance signa and said
ceher sdbdh @i 190N 2h 856 0PI dS @28 bENMERBRESsed by said
plurality of bits.

6. A signal processing apparatus for processing a
luminance signal and color difference signals and
outputting color signals, wherein said luminance signal
and said color difference signals comprise a luminance
signal and color difference signals obtained by:

converting first color signals having primary color
peints in a wider color range than primary color points
.according to a predetermined standard by which color
difference signals having a first numerical range are
assigned to an integral value in a first integral rahge'
which is smaller than an integral range which can be
expressed by a plurality of bits, into second color
signals based on primary colors according to said

predetermined standard;

converting said second color signals into: third
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signal and color difference signals obtained by:
converting first color signals having primry col or
points in a wi der color range than prinmary col or

points .according to a predeterm ned standard bySOSP0935
whi ch color difference signals having a first

nunmerical range are assigned to an integral value in

a first integral range which is snaller than an

integral range which can be expressed by a plurality

of bits, into second color signals based on primary

CotSI S aGeRRAE NGBt toPbaaeb el et shandaider
converting said second color signals into third 68

SO5RARIR 69k 01 c S| I AGE0EAhAGet - PNAURGLeGHELR is
transducer characteristics defined in a nunerica

r afge M eRahSa QMR 1t haRga sHMBSigalsibangg of
col or signals corresponding to a |um nance signal and

CUldredpbh@i NCE Si1gRanhsnaeCcof ghdld 4 $RNdr difference
predeterm ned standard; and converting said third

CQiQhadisgRatSrdiHP 2 skubl paoge: Signrly arRdn89tef and
di fference signals; wherein said |um nance signa

conpri sesorvdritihgapsed ShioaRlcACS0EILAY1E O S &
predeterm ned standard and said color difference

silgrahanconpigrid @0kdotodbtf &l efGencel g@aghsibp a second
nunmeri cal range containing said first nunerica

range, Sdigtegal esidi flgience sighalSchbMEeASS1gREdance
to an integral value in the second nunerica
signal according to said predetermined standard and said
color difference signals comprise color difference
signals in a second numerical range containing said first
numerical range, said color difference signals being
assigned to an integral value in the second numerical
range which can be expressed by said plurality of bits;
wherein said signal processing apparatus comprises:
& luminance and color differenge signal converting
unit for converting said luminance signal according to
sald predetermined standard and said color difference
signals in said second numerical range into said third
color signals;
a characteristic converting unit for converting
said third color signals into said second color signals

according to said photcelectric transducer

characteristics;
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range whi ch can be expressed by said plurality of

bits; wherein said signal processing appara tus
conprises: a |lum nance and col or difference signa
converting wunit for converting said | um nance si ngl
according to said predeterm ned standard and sai%O 20335
color difference signals in said second nunerica

range into said third color signals; a characteristic
converting unit for converting said third col or

signals into said. second color signals according to

d ph t t
oLl phod g?{,ﬁf,faf | Solbansgioes. AHanasteEb st LoNer By saia
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col or signals; correcting unit or cor

sai d f'rétcé¥¥éﬁiln§'gﬂ?%sféftgﬁfye%%ghg %Ql&‘fﬁ | &3l r

range whi ch can be I spl aye play mechanism

f Qi gdbsR! 8yt NGk @B & nuﬂ$¥ié%ﬁqghgergﬁfgﬁ|£§b be

“apparatus according to claimeo erern sail

phetpelech rlb)ﬁ d 1ANgdUGehe (L0 SC 1A ‘fﬂ% sﬁ?ﬁg{ﬁ? |4, pﬂtiuﬂgte .

symetry with respect 'to an origin.

processing appasadus %%%ggmgg N RIS ac%?ﬁ?h& all

of said lum nance and color difference si
cemyent s NaHEYdin Sakd ﬁﬂéle@é?f&!ﬂﬁtd %éansaﬁe!@ftj ng

unit, and said primary color converting unit
characteristics are in point symmetry with respect to an
origin.

8. The signal processing apparatus according to
claim 6, wherein all of said luminance and color
difference signal converting unit, said characteristics
converting unit, and said primary color converting unit
éomprise a single look up table.

9. A signal processing method performed by a
signal processing apparatus for processing a luminance
signal and color difference signalsland outputting color
signals, wherein said luminance signal and said color
difference signals comprise a luminance signal and cclor
difference signals obtained by:

converting first color signals having primary color
points in a wider color range than primary coldr points

according to a predetermined standard by which color

difference signals having a first numerical range are
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conprise a single look up table. 9. A signal

processing nethod performed by a signal processing
apparatus for processing a | um nance signal and col or

di fference signals and outputting color signals,

wherein said | um nance signal and said col or S05P0935
di fference signals conprise a |um nance signal and
color difference signals obtained by: converting
first color signals having primary color points in a
wi der color range than primary color points according

toa@bf&ﬂ@@ekgrghnng %t d%%Qqulﬁhécfﬁfé%(§htfgké%g%%g%§

signal’s having a numerical range are

as@&ﬂﬂﬁqstgmgﬂlégtéﬂger t%hgg kglaréﬁ#éaﬂhﬁ%eggﬂlbe

range which is sma n Inte range whi ch
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col or signals based on prlnary colors according to

sal naAkedeles A& 547 e rgoglalgaf g 13l Qg§&00nd

color signals into thir or signal s Taccording to

p&g@g@kggﬁghgdtggﬁﬁgggpr characterlstlcs defined in a

nunerical range which Is greater than a numerica

range of -Galt 1$ig08ak 8 s&wﬂae%%%@ g 5919 14y %@98

signal and col or "difference signals accor ing to sa

preedetes tinets standalidy eadph&waaeéaaﬂgz %%Hs&ﬁ‘ééﬁ

color signals into a | dam nance signal col or
didhkernensei st Ml rined in a numerical range which is

greater than a numerical range of color signals

corresponding to a luminance signal and color difference

signals according to said predetermined standard; and

converting said third color signals into a
luminance signal and color difference signals;

wherein said luminance signal comprises a luminance
signal according to said predetermined standard and said
color difference signals comprise color difference
signals in a second numerical range containing said first
numerical range, saild color difference signhals being
assigned to an integral value in the second numerical
range which can be expressed by said plurality of bits;

wherein said signal processing method comprises the
steps of:

converting said luminance signél according to said

predetermined standard and sald color difference signals
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wherein said | um nance signal conprises a |um nance
signal according to said predeterm ned standard and

said color difference signals conprise color

di fference signals in a second nunerical range S05P0935
containing said first nunerical range, said color
difference signals being assigned to an integra
val ue in the second nunerical range which can be
expressed by said plurality of bits; wherein said
signal processing nethod conprises the steps of:

Canyeklidnge Sahd utiirnange rshgpal nrar Gondi REite s &
predet erm ned standard and said color difference
SisgRakssf1l SO5PMO35 in said second nunerical range
into said third color signals; converting said third

col or si@ialesth A0s 88k dehSEE ORA 0GOL PG ST INAHS said
according to said photoelectric transducer

chacaatierb i GSigne0BVEEELPE: $3i1h $86aANFHERPLOT St aNAl S
into said .first color signals; and correcting said

fihkahsa0tOF &-GRaksriBtocsignals in a numerical range
whi ch can be displayed by a display nechanismfor

di spl ayidigvart i AGaesid Gedddr @818m § ofnanalhitdg saiqg
conputer to performa signal processing process for

PEQEEBSEEIhA sligAkNapcendsi gnal and col or difference
signals and outputting col or
correcting said first color signals into signals in
- a numerical range which can be displayed by a display
mechanism for displaying an image.
10. A program for enabling a computer to perform a
signal processing process for processing a luminance
- signal and color difference signals and outputting color
signals, wherein said luminance signal and sald color
difference signals comprise a luminance signal and color
difference signals obtained by:
converting first color signals having primary color
points in a wider color fange than primary color points
according to a predetermined standard by which color
difference signals having a first numerical range are -
assigned to an integral value in a first integral range
which is smaller than an integral range which can be

expressed by a plurality of bits, into second color

signals based on primary colors according to said
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signals, wherein said | um nance signal and said col or
di fference signals conprise a |um nance signal and
color difference signals obtained by: converting

first color signals having prinmary color points #@h 15
wi der color range than primary col or p0|nts acco é&?

to a predeterm ned standard by which color .difference
signals having a first nunerical range are assigned
to an integral value in a first integral range which
is smaller than an integral range which can be

ewe%§ggmjk_)ﬁe§ pliraldd;y of bits, into second col or

signal s based on primary col ors accordlng to said 72

SOSP(DBSC&{‘%:@-E@{ s§§?n§%@&ﬂ@ %lo@@‘i?ﬁgiggﬂ?&! C*:hJ.J:d

second col or signal color signals

AGLALE ngﬁgwh@é&ﬁiﬁw L6 DRANSHUGA!:; & f&%ﬁ&&&éﬁft I Cs

defined inh a nuneri cal range Is greater than a

NWBLLEabr{ #9008 e GRkAr 151 YNAer G %éﬂg d%«ﬂﬂcﬂ Q&

| um nance signal and color difterence

- ageerdbAg: 4 SRipredgl e££@1@§do§t&ﬁ%f di gARds

converting said third color signals into a Umi nance

Sb@B@ésﬁ%ﬁhiﬁﬁwﬂb %‘ﬁﬁﬁiﬁQﬁ@eSéﬁﬁﬁﬁfiaﬁWhSBEbP éf*f%rence

| um nance, si ghal conprises a | um nance si gnal

ageghal 0 ¢ 58I Rhedst &M ded Standar 8t 8095 ding

color difference signals conprise color difference
si gnal s dohvarse6gnNga IWNE!:ireAlcol 8RUS: SOAN AR ssai d

first
luminance signal and color difference signals;
wherein said luminance. 51gnal comprises a luminance
51gnal according to said predetermlned standard and said
color difference signals comprise color difference
signals in a second numerical range containing said first
numerical range, said color difference signals being
assigned to an integral value in the second numerical
-range which can be expressed by said plurality of bits;
wherein said signal processing process comprises
the steps of:
converting said luminance signal acceording to said
predetermined standard and said color difference signals
in said second numerical range into said third color
signals;
converting said third coler signals into said

.second color signals according to said photoelectric
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nunerical range, said color difference signals being
assigned to an integral value in the second nunerica
range whi ch can be expressed by said plurality of

bits; wherein said signal processing process conpr s
the steps of: converting said | um nance signal 050935
according to said predeterm ned standard and said

color difference signals in said second nunerica

range into said third color signals; converting said
third color signals into said .second color signals

%Hﬂgekocﬁ§%§£€¥¥¥‘%ileCtr'C 73 SO5PMO35 transducer

characterlstlcs convertlng said second col or signals

into sai gonJgr{taagl 3a2h SLANA] 20130 TRLFELLND B8 e

first color nto sig

Wh c e y a display nmechanismfor
.dlégﬁgy?ﬁéggﬁgi Jﬂy %28805P0935 ABSTRACT It is an

leeCt ofﬂ@%tﬁﬁ?sggidlﬂﬁ? é%ﬁo Osgggvidexﬁxpgﬁggals in

whi ch alTow co s In awder co an e
pre r; | Ied b
appg{?}gtgﬁg%éa]%%oaﬁl %11 gﬁsugﬁg ]%r]e ggs aric 15?. A

mechanism for dlsplaylng an image.
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primary col or converter 62 converts first color
signals having primary color points in a w der color
range than the primary color points according to

BT. 709 into second color signals based on the pri LIBLYg5s
colors according to BT.709. A photoelectric
transducer 63 converts the second color signals into
third color signals according to photoelectric
transducer characteristics defined in a nunerica
range wider than a range fromO to 1.0 of color
signal s correspondi ng to gxzdmii-pance signal and col or
di fference signals according to BT.709. A color signa

ConverteEt6ﬂgQﬁﬂ¥ﬁﬁgéttB§ Eﬂérﬁkéégﬂyﬁ1%%89@#§n'{%(bf%v1de

| um nance signal and color difference signals

CHIRRIY whdbni ArdPALed kR Ehﬁl&Q}Q£ﬂ%&9Q§h than

converter corrects the color difference S|gna |nto

CQr¥detdirhli BE@NSORIA], S which £&DAS f-Qh=0. ég
0.56 containing a range from-0.5 to 0.5 according to

BEptR%atuwhh6bo €0y tdi sﬁ@ﬁeﬁﬁédéﬁ&!?@rﬁedafs%aﬂaékaé‘edA

to an integral value in a range from1l t

C @it @laRyNgo Bor R rEESME 264 8v2Ad %Qﬁ%Edb890£031gnals
BT. 709. The present 75 SO5P935 invention is

amabuﬁgbbﬁlﬁékjidﬁl@@opéﬁﬂﬁéalnfé”WfH@¥n%5§0r7§a§&§H§§§§
FIG 1: 1: VIDEO CAMERA.
the primary color p01nts according to BT.709 into second
color signals based on the primary colors according to
BT.709. A photoelectric transducer 63 converts the second
color signals into third color signals according to
photoelectric transducer characteristics defined in a
numerical range wider than a range from 0 to 1.0 of color
signals corresponding to a luminance signal and coler
difference signals according to BT.709. A color signal
converter 64 converts the third color signals into a
luminance signal and color difference signals. A
corrector 64A incorporated in the color signal converter
corrects the color difference signals into color
difference signals in a range from -0.57 to 0.56
containing & range from -0.5 to 0.5 according to BT.709,
which color difference signals are assigned to an

integral value in a range from 1 to 254 containing a

range from 16 to 240 according to BT.709. The present
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FIG 2: 1: VIDEO CAMERA 21: OPERATION UNIT 22: | MAGE
CAPTURING UNIT 23: A/ D CONVERTER 24: PRI MARY COLOR
CONVERTER 25: COLOR SI GNAL CORRECTOR  26:

- PHOTCELECTRI C TRANSDUCER 27: COLOR S| GNAL CONVERTER

28: ENCODER 29: CONTROLLER 30: RECORDER 31: S05P0335
COVMMUNI CATION UNIT FIG 3: 2: TELEVI SI ON RECEI VER 41:
| MAGE SI GNAL | NPUT UNIT 42: LUM NANCE AND COLOR

‘DI FFERENCE S| GNAL CONVERTER 43: | NHERENT y CORRECTOR

44: DI A CONVERTER 45: DI SPLAY MECHANI SM FI G 4: 77

Soﬁﬁ%%eéoﬁ Qg%plcha(bq%Eﬁw a @i&gguge}mera, for example.
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W (WH TE: D65) FIG 5: STANDARDS SIGNAL S| GNAL
DURATI ON ( CONVENTI ONAL SYSTEM) ( PRESENT SYSTEM) Sl GNAL
LEVEL SIGNAL LEVEL SIGNAL LEVEL SIGNAL LEVEL

SIGNAL LEVEL SIGNAL LEVEL FIG 6: PHOTCELECTRIC
TRANSDUCER CHARACTERI STI CS (GAMMA)  OUTPUT S| GNALS05F0935
‘INPUT SI GNAL SAME AS | TU-R BT. 709 78 S05P0935

CHARACTERI STI C CURVE | N PO NT SYMVETRY W TH RESPECT TO
ORIG N FIG 10: SURFACE AREA COVERAGE | N MUNSELL COLOR
CASCADE HI GH COLOR- SATURATI ON CHROVA (768 COLORS)
VQLUVE_OOVERAGE | N UNI FORM COLOR SPACE (L*a*b*)

1: VIDEO CAMERA

FIG. 2:
1: VIDEO CAMERA
' 21: OPERATION UNIT
22: IMAGE CAPTURING UNIT
© 23: A/D CONVERTER
24: PRIMARY COLOR CONVERTER
25: COLOR SIGNAL CORRECTOR
26: PHOTOELECTRIC TRANSDUCER
~ 27: COLOR SIGNAL CONVERTER
28: ENCODER
29: CONTROLLER
30: RECORDER

31: COMMUNICATION UNIT

FIG. 3:

2: TELEVISION RECEIVER

41: IMAGE SIGNAL INPUT UNIT

42: LUMINANCE AND COLOR DIFFERENCE SIGNAL CONVERTER
43: INHERENT y CORRECTOR

44: D/A CONVERTER

45: DISPLAY MECHANISM

FIG. 4:

17




CONVENTI ONAL COLOR SPACE (1 TU-R BT. 709) PRESENT SYSTEM
"FIG 11: 60: VIDEO CAMERA FIG 12: 60: VI DEO CAVERA

21: OPERATION UNIT 61: | MAGE CAPTURING UNIT 23: A/D
CONVERTER 62: PRI MARY COLOR CONVERTER 63: 0935
PHOTOELECTRI C TRANSDUCER 64: COLOR S| GNAL CONVERTER
64A; CORRECTOR 28° ENCODER 29: CONTROLLER 79 SO5P0935
30: RECORDER 31: COVMUNI CATION UNIT FIG 13: START OF
| MAGE CAPTURI NG AND RECORDI NG PROCESS Si: ACQUI RE
| MAGE SI GNAL S2: CONVERT ANALOG | MAGE SI GNAL | NTO
glﬁ E@%})l MAGE SI GNAL S3: CONVERT PRI MARY COLORS S4:

RECT’ COLOR SI GNAL ACCORDI NG TO PHOTCELECTRI C

TRANSREEER CHARACTERI STI CS

. B (BLUE)

W (WHITE: D65)

FIG. 5:
STANDARDS
SIGNAL

SIGNAL DURATION

(CONVENTIONAL SYSTEM)

(PRESENT SYSTEM)

SIGNAL LEVEL
SIGNAL LEVEL
SIGNAL LEVEL
SIGNAL LEVEL
SIGNAL LEVEL

SIGNAL LEVEL

FIG., 6:
PHOTOELECTRIC TRANSDUCER CHARACTERISTICS (GAMMA)
QUTPUT SIGNAL

INPUT SIGNAL

SAME AS ITU-R BT.709
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S5: CONVERT COLOR SI GNAL | NTO LUM NANCE SI GNAL AND
COLOR DI FFERENCE SI GNAL S6: CORRECT | NVALI D LUM NANCE
SI GNAL AND | NVALI D COLOR DI FFERENCE SI GNAL S7: ENCODE
SIGNAL S8: RECORD SI GNAL S9: REQUEST TO STOP 05P0935
RECORDI NG ? END FIG 14 : 70: TELEVI SI ON RECEI VEF\’g I:

I MAGE SI GNAL INPUT UNIT 71: LUM NANCE AND- COLOR

DI FFERENCE SI GNAL CONVERTER 72: | NVERSE PHOTCELECTI C
TRANSDUCER 73: PRI MARY COLOR CONVERTER 74: COLOR

SI GNAL CORRECTOR 80 505P0935 75: | NHERENT T CORRECTOR
44: DI A CONVERTER 76: DI SPLAY MECHANI SM FI G 15: START
OF | MACE DI SPLAYI NG PROCESS S21: ACQUI RE | MAGE SI GNAL

S2HArANYERRE T LM ANCE SIEGNE  ANREFAORy i RERENGE 1o
SIGNAL | NTO COLOR SI GNAL S23: " T NVERSELY "'CORRECT COLOR

SI GNBRIGBCORDI NG TO

FIG. 10:
SURFACE AREA COVERAGE IN MUNSELL COLOR CASCADE HIGH-
COLOR-SATURATION. CHROMA (768 COLORS)

VOLUME COVERAGE IN UNIFORM COLOR SPACE (L*a*b*)

CONVENTICNAL COLOR SPACE (ITU-R BT.709)

PRESENT SYSTEM

FIG. 11:

60: VIDEO CAMERA

FIG. 12:

60: VIDEO CAMERA

21: OPERATION UNIT

€l: IMAGE CAPTURING UNIT
-23: A/D CONVERTER

6Z2: PRIMARY COLOR CONVERTER
€3: PHOTOELECTRIC TRANSDUCER
64: COLOR SIGNAL CONVERTER
64A: CORRECTOR

28: ENCODER

29: CONTRCLLER
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PHOTOELECTRI C TRANSDUCER CHARACTERI STICS S24: CONVERT
PRI MARY COLORS S25: CORRECT UNDI SPLAYABLE COLOR S| GNAL
S26: CORRECT COLOR S| GNAL ACCORDI NG TO | NHERENT vy
CHARACTER! STI CS S27: CONVERT DI Gl TAL | MAGE SIGNAL_INTO
ANALOG | MAGE SIGNAL S28: DI SPLAY | MAGE FIG 17: §8pF9°3
PERSONAL COMPUTER 104: | NTERNAL BUS 105: | NPUT/ OQUTPUT

| NTERFACE 106: INPUT UNIT 107: OUTPUT UNI T 108:

COMMUNI CATI ON UNI T 81 SO05P0935 109: RECORDER 110:

DRI VE 82
30: RECORDER

31: COMMUNICATION UNIT

FIG. 13:
START OF IMAGE CAPTURING AND RECORDING PROCESS
S1: ACQUIRE IMAGE SIGNAL
S2: CONVERT ANALOG IMAGE SIGNAL INTO DIGITAIL IMAGE SIGNAL
53: CONVERT PRIMARY COLORS
54: CORRECT COLOR SIGNAL ACCORDING TO PHOTOELECTRIC
TRANSDUCER CHARACTERISTICS
55: CONVERT COLOR SIGNAL INTO LUMINANCE SIGNAL AND COLOR
DIFFERENCE SIGNAL
S56: CORRECT INVALID LUMINANCE SIGNAL AND INVALID COLOR
DIFFERENCE SIGNAL
S7: ENCODE SIGNAL
© 88: RECORD SIGNAL
59: REQUEST TO STOP RECORDING 7

END

FIG. 14:

70: TELEVISICN RECEIVER

41: IMAGE SIGNAL INPUT UNIT

71: LUMINANCE AND COLOR DIFFERENCE SIGNAIL CONVERTER
72: INVERSE PHOTOELECTIC TRANSDUCER

73: PRIMARY COLCR CONVERTER |

74: COLOR SIGNAL CORRECTOR
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S05P0935

75: INHERENT vy CORRECTOR
44: D/A CONVERTER

76: DISPLAY MECHANISM

FIG. 15;

START OF IMAGE DISPLAYING PROCESS

S21: ACQUIRE IMAGE SIGNAL

S522: CONVERT LUMINANCE SIGNAL AND COLOR DIFFERENCE SIGNAL
INTO COLOR SIGNAL

S23: INVERSELY CORRECT COLOR SIGNAL ACCORDING TO
PHOTOELECTRIC TRANSDUCER CHARACTERISTICS

SZ4: CONVERT PRIMARY COLORS

$25: CORRECT UNDISPLAYABLE COLOR SIGNAL

526: CORRECT COLOR SIGNAL ACCORDING TO INHERENT
vy CHARACTERISTICS

S27: CONVERT DIGITAL IMAGE SIGNAL INTO ANALOG IMAGE

SIGNAL

S28: DISPLAY IMAGE

FIG. 17:

100: PERSONAL COMPUTER

104: INTERNAL RBUS

105: INPUT/OUTPUT INTERFACE
106: INPUT UNIT

107: OUTPUT UNIT

108: COMMUNICATION UNIT
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S05P0935

109: RECORDER

110: DRIVE
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