DESCRI PTI ON Sl GNAL PROCESSI NG APPARATUS AND METHOD
AND PROGRAM Techni cal Field The present invention
relates to a signal processing apparatus, a signa
processi ng nethod, and a program and nore
particularly to a signal processing apparatus, a

si-gnal - processi ng nethod, and a program-for

expressing colors in a color range wi der than a
conventional color range in the processing of an image
signal. Background Art In recent years, advances in
the image processing tggopetPehave achi eved hi gher
image quality in video cameras for capturing and
recordi ng i mages and television receivers for

di spl ayi ng captured i mages, and have made itpossible
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reproduce sharper images than conventional video

caneras and television receivers. FIG 1 of the
acconmpanyi ng drawi ngs shows an AV (Audio Visual)
sesdiNdanClrydi §g a video canera and a television

receiver. In FIG 1, a signal of an image 1 captured
by a viges wanmia InvensibRl bethidy augh dignal
_ processing apparatus, a signal processing method, and a
prdgram, and more particularly to a signal processing
apparatﬁs, 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
technoiogy have achieved higher image quality in video
cameras for capturing and recording imageé ang television
receivers for displaying captured images, and have made
it possible for present video cameras and television
receivers to reproduce sharper images than conventional
video cameras and television receivers.

FIG. 1 of the accompanying drawings shows an AV

.(Audio Visual) system including a video camera.and a

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



recording nmedium 11 or a network 12 to a television
recei ver 2, which displays the i mage captured by the
video canera 1. Details of the video canmera 1 and the
television receiver 2 will be described below wth
reference to FIGS. 2 and 3 of the acconpanying
—draw-ngs. FI G -2 shows in block formdetails of the
video canera 1 illustrated in FIG 1.. The video
canera 1 perforns its processing operation according
to predeternined standards (e.g., ITUR

%ﬁ@ ern onal %%;econnunlcatlon Uni on

858 Ki Tatidir SSOE8R) 18T ERPBAIRASHLNGIEervi ce

%TeIeV|S|gﬁg% 601 (hereinafter referred to as BT.601)
FEPTEERE BYC 909 (Her%i Rafebrorkel éried 16 18¥1810709) ) .

i S assgng%@f e. t hat the video canera 1 gerforns
ﬁ%&ebV%Ee S T b aHARIGN® LREOMIRAY FRPIIESd/BY. tha
Sg 2eatd t he vj deo canera 1 includes a operation unit

ﬁ% apturing unit 22, an A/D converter 23,
a cal or SI nal corrector
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FIG. 2 shows in block 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 Radioéommunication sector) BT
{Broadcasting service (Television)).GOl {hereinafter
referred to as BT.601) or ITU-R BT.709 (hereinafter
referred to as BT.709})). It is‘assumed here that the
video camera 1 performs its processing bperation
according toe 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 photoelectric transducer 26, a color signal converter
27; an encoder 28, a contreller 29, a recorder 30, and a

communication unit 31.

The operation unit 21 is operated by the user when



2 the user enters various comands into the video
canera 1. The operation unit 21 supplies signals
representing the 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 signal representing the capturing of an

i mage, and al so supplies the controller 29 with a
signal representing a destination of a signa

(Her eiseaf epteref varbous camaadsi imge shgnaldeo camera 1.
indicative of an inmage captured by the inage

- Clipt woengtinnt ugRt Zheﬂundgescapgnalagrepmeséﬁirmgamhe
or stops an image capturing process according to an
ieuid phontf poaTes hind peoaenoasubhat 24re Theliomgd by
capturing uni't 22 supplies an imge signal indicative
diheaperageoBaby utled ussyr oifethangeecapton ingtudilt, 22
to the AD (Analog/D gital) converter 23. The inmge
daiecirsi Ajatinper fonn | e udepeat MO | Conpd ione egupnces .
Metal Oxide Seniconductor) imager, a CCD (Charge
éﬁupﬁéamE%%tc%be eperation pRét ahdbmmm¥nﬂ&;Uhﬁ dmage

signals RR G B (Red, Geen, Blue) as an inmage
sqa@ﬁﬁlrlnqh‘énw 22 onividy esiggad orsiereserdraiodheol or
signal s

capturing of an image, and also supplies the controller
29 with a signal representlng a destination of a signal
{hereinéfter 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 cabturing 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 Coﬁpled Device), or
the like, and outputs color signals R, G, B (Red, Green,
Blue) as an image signal.
The A/D cpnverter 23 converts analog color signals

supplied from the image capturing unit 22 into digital

color signals, and supplies the digital color signals to



supplied fromthe image capturing unit 22 into digital
color signals, and supplies the digital color signals
to 3 the primary color converter 24. The color signals
R G B that are supplied fromthe A/D converter 23
to the primary color converter 24 are referred to as
color--signals Rorg, Gorg, Borg. The prinmary color

converter 24 converts the color signals Rorg, CGorg,
. Borg supplied fromthe A/D converter 23 into color
si.gnal s R709, Gr09, B709 based on primary colors

upHerpBhaf8f coabe suppkies: the: @%oeoibgnai%nea@%, G, B
Gro9, B-,09 to the color signal corrector 25 :

Spest fakalduppltiea fRERMERY £a UorbRMeNt e3 24 epaverts
the color signals Rorg, Gorg, Borg supplied fromthe

A Bisony eidlelr 23nivBtee €O Olarsi e 709, 26788108709
based on primary col ors under BT.709 according to the

feldmianR.equatione(l): .: R70 1.596& -tl S 35i
4.. 0B$3 Rurd &z "{I. 1464 1, 2259 -0.0705 org. &709}
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the equation (1) differ depending

signals Rergr Gorgr Borg Supplied from the A/D converter 23
into color signals R709, Groa, B‘?og based on primary colors
under BT. 709, and supplies the-color signals Rags, Grog,

By to the color signal corrector 25. Specifically, the
primary color converter 24 converts the color éignals-Rorg,
Gorgr Borg supplied from the A/D converter 23 into color

signals Riog, Gros, Bros based on primary colors under

BT.709 according to the following equation (1):

_.am? | 1.5968 ~0.6351  0.0383 )[Ry

e f ~Q. 1464 12259 -0, 0795 |
(Bn) (00141 —0.1086  1.1207 J{Bor ) ) 1
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The matrixes of the equation (1) diffe.r depending
on the primary color points of the image capturing unit
22, |

The color signal corrector 25 corrects the 'colror
signalrs Rios, Gro9, Bros supplied from the primary color
converter 24 into color signals Rips, Gros, Brge in a

numerical range from 0 to 1.0 defined according to BT.709.

Specifically, the color signal corrector 25 corrects



on the primary color points of the inmage capturing
unit 22. The color signal corrector 25 corrects the
color signals R709, Gr09, B709 supplied fromthe
primary color converter 24 into color signals R709,
Gr09, B?09 in a nunerical range fromO to 1.0 defined
—-acecordi-ng to BT.709.  Specifically, the color signal
corrector 25 corrects 4 color S|gnals R709, Gr09, B709
whi ch are smal |l er than Ointo O, i.e., clips color
signal s R709, Gro9, B709, and corrects color signals

REDr GAQRa1B7AR WERY, at-8, SREReHhrEhaRal1 O #1H:D oL iQto
and supplies the corrected color signals R709, Gr09,

B709 .teq ,t k@ ipBotOBd £ C I drta S ANSHUESY,, 2650,) tank® corrects
assuned that the numerical values 0, 1.0 of the

ity Gdlgnall8anBRsf rems,0 8,9, I < ar8i §i-Saeanchdypxi mum
val ues, respectively, of the color signals R709,

GHD, 1B009andcsapsl 1tk theBtotQRctinecpit 0sl GOl R,
transducer 26 converts the color signals R709, G709,

B7e9 Bupplbedhé rgibidia «aohac sirgRabuceéprzect gk 25 into
color signals R 709, G709, B 709 that are corrected

wistshunislle thaof the diwp Ey-arecaniesnef 1 B 709 {Hdh@umerical
nonlinearity of |ight em ssion |um nance wth respect

trangehérommgetsi prnlagreaadordivig 2h8 pROiRSh 86ilee,
transducer
respectively, of the color signals Rigs, Gros, Bios
according to BT.709. |

| The photoelectric transducer 26 converts the color
signals Rios, G7os, Bros supplied from the color signal
] corkrector 25 into color signals R'ups, G'70s, B'vps that are
corrected with the vy of a displéy mechanism of B.709 (the
‘nonlinearity of light emission luminance wi'th respect to
the image signal) according to photoelectric transducer
characteristics according to BT.709, and suppliés the
converted color signals R'1ge, G'700, B'70s to the color
sigttal converter 27.

Specifically, the photoelectric transducer 26
converts the color signals Ruygs, Gio9, Bros into color
signals'R'*ros, G709, B'mg according to the follbwing
equation (2) and supplies the converted color signatls

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



characteristics according to BT.709, and supplies the
converted color signals R 709, G 709, B 709 to the
col or signal converter 27. Specifically, the
phot oel ectric transducer 26 converts the col or
signals R709, Gro9, B709 into color signals R 709,

G 709, B 709 according to the follow ng equation (2)

and supplies the converted color signals R 709,
G 709, B 709 to the color signal converter 27: 5
R 709. 1.. 099 x (R70a)O 45. 9. @®9 0.019 T Rig 1..0

x49m 36@ 8 (2 hot ectric
tra ducer§b ?ggctefl ics béﬁ%ee éolor si gna

RPow Bhd ¥#e col or signal R 7096%&;@5 d@fﬂiﬂed in the
range fromthe n1n|nun1value to k2 maxi num val ue of
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i.e., in the range from 0 to 1.0. The photoelectric
- transducer characteristics between the color signal Grgo
and the color signal G'7es and the photoelectric
transducer characteristics between the color signal Bqgs
and the color signal B'sgs are also similarly defined.

The color signal converter 27 converts the color
signais R%708, G'709, B'709 supplied from the photoelectric
Itransducer 26 into a luminance signal Y;mg and coclor

difference signals Cb'ps, Cr's9e under BT.709 according to
'_the equation (3) shown below, and supplies the luminance
signal Y'ses and the color difference signals Cb'7gs, CT'1ge,

each expressed in 8 bits, to the encoder 28.

A Y (02056 0752 0072 (Rige)
gctsf Lmﬁfﬂﬁ 03854  0.5000 || s |
) | 0.5000 ~0.4542 -0.0488 )| B
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The matrixes of the equation (3) are matrixes

prescribed for 1125/60/2:1 Signal Format under BT.709.

According to BT.709, the luminance signal Y'7os



transducer 26 into a |lum nance signal Y 709 and col or
di fference signals Cb' 709, C' 709 under BT. 709
according to the equation (3) shown bel ow, and
supplies the lum nance signal Y 709 and the col or
difference signals Cb' 709, C' 709, each expressed in
8 bits, to the encoder 28. 'g Y O 2125 0.7152

6.0722 0 --9.1146 -61854 0.5000 * ' .09 t "i* 0:5000
-0.4542 -0..0458. '70 The matrixes of the equation (3)
are matrixes prescribed for 1125/60/2:1 Signal Format
under BT.709. According to BT.709, the |um nance
JYAated by thegepkrat SHMAL t9Ivester 37 gafording to
caonverter 27 according to the equation (3) is of
VAU ETHRE CRutel | t3l oF arRere rigmo nupgricel  mRrge dFromhé
color difference signals Cb' 709, C'-, 09 genenated by
11 el or Eefly R tdenreiloar BFtgEenseli Higned s Gedros, CT'oos
equation ( s of value in a nunerical_range from
Frerageg g%f EDS t FRt Morst e SOBVEETF ghal 2¢eRAEMdeto
as%%%$s. tge ] um.pance signal. Y 709 in the
AYECPENGR) t1oM D Valdel IR awRPERt 1y erfdter ddoBy
KQFEP%LOB signal converter : '

Furthermore, the color signal converter 27 assigns
the luminance signal Y'79s in the nume?ical range from O
to 1.0, which is generated by the celor signal convefter
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 O to 255 that can be expressed in 8
bits, and supplies the luminance signal Y's¢s that is
assigned to the integral value as a luminance signal
acco;ding to BT.709 eo the encoder 28. The color signal
converter 27 assigns each of the color difference signals
Cb'709, Cr'q0s 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 C to 255 that can be expressed in 8
bits, and supplies the color difference signals Cb'7q,
'Cr'wm that are assigned te‘the integral value as color

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



27 according to the equation (3), to an integral val ue
in an integral range from 16 to 235 which is smaller
than an integral range fromO to 255 that can be
expressed in 8 bits, and supplies the |um nance
signal Y 709 that is assigned to the integral value
--as-a-lum nance signal according to BT.709 to the
encoder 28. The color signal converter 27 assigns
each of the color difference signals Cb' 709, C' 709
in the nunerical range from-0.5to 0.5, whichis
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to the equation (3), to an integra
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the integral range fromO to 255 th can
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color difference signals Cb' 709 each in

bids:1 tamppkhedabaogathersalr c%hﬁ@@![l@?“ﬁ@.” er 27
according to a predeterm ned format, for exanple, such
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the resultant encoded data to the controller 29. The
GAmpplakleFrd suppbhesddihesereodsd dat@rder 30 or the

communication unit 31 according to an instruction from
_ the operation unig 21.

The recorder 30 records the encoded data supplied
from the controller 29 in the iecording medium 11 shown
in‘FIG. 1. The communication unit 31 transmits the
encoded daté supﬁlied 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 is 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



supplied fromthe encoder 28 to the recorder 30 or the
communi cation unit 31 according to an instruction from
the operation unit 21. The recorder 30 records the
encoded data supplied fromthe controller 29 in the
recordi ng nmedium 11 shown in FIG 1. The
~eonmmuni-cati-on-unit 31-transmts the -encoded data
supplied fromthe controller 29 through the network
12 shown in FIG 1. FIG 3 shows in block formthe
television receiver 2 shown in FIG 1. The tel evision
r ebetraete? qrerdsorcns ettt or P4 DL €5 I 1Y PSiattie®N44, and a
according to predeterm ned standards (e.g., BT.601 or
BiiigpByy ndchasmiassuled here that the television
receiver 2 perfornms its processing operation

accor di Myet omBe 780gnab Hiyawn undtFi G r8ceiti€s encoded
tel evision receiver 2 includes an i mage signal input
udata Mdepradwmidndmos ahd readbntimy feeriemce 1sbgnal
converter 42, an inherent y 8 characteristics
-cbraestidrt A3 framDtAecoatestleri 44, Thadimagedi sihayl input
mechani sm 45. The i mage signal input unit 41 receives
encbdell adabadeepdedutkd énmanidchelatacardbrgingdiaim 11
or transmtted fromthe network 12. The inmage signa

- i ppefetermined format such as MPEG, for example, and

supplies a luminance signal Y'1ps and color difference
signals Cb"70s, Cr's0s, 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'7es and the color
difference signals Cb'igs, Cr'70s supplied from the image
signal input unit 41 into colér signais R'70e, G'90s, B'709
under BT.709 according to the equation (4) ehewn below,
and supplies the.color signals.R'uB, G'700, B"70s to the
'inherent ¥ characteristics corrector 43.

10000 0.0000 1.8747)( ¥ )

1.0000 ~0. 1873 ~0.4682 || By

1O0GD  1.8556  0.0000.J{ 0r m}
i . v v {4Y

The luminance signal Y',4¢ 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



unit 41 al so decodes the encoded data according to a
predeterm ned format such as MPEG for exanple, and
supplies a |lum nance signal Y 70g and col or difference
signals Cb' 709, Cr' 709, each expressed in 8 bits,
according to BT.709, which are produced fromthe
—decoded-data, to -the-lumnance and color difference
signal converter 42. The |um nance and col or

di fference signal converter 42 converts the |um nance
signal Y -i09 and the color difference signals

G 709 e §¥a 7 0 151pphi 86 iﬁ@ggf@ﬁ i £roh0Adl thnpyd
unit 41 into color signals 709, G709, B 709 under

BIh769 e wdliagreestheifqpabi 09, (A shewinhal gipve and
supplies the color signals R 709, G 709, B"709 to the

| Bt ent the hanact GiEsere8cE05 1 QMY c$3-0.1- 09000,.0. O
30 |.5747 Y ~r 10000 -0.18D --0. . 46a2 Ota' 70 B7 1
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Y' 709 according to BT.709 which is supplied fromthe

| sbgyen Isiignalt whpYt 4Untéd #AHe tDmliRndaUBnBanegcand col or
di fference signal converter 42 is of 9 an integra

vl flie tem.can sikhegr abnvanger f4DMsLGft an23ateybithv£hR in
- be expressed in 8 bits, as descri bed above.
an integral range from 16 to 240 which can be expressed
in 8 bits, as described above,
The luminance and color difference signal converter
42 sets the luminance signal Y',s of the integral value
- in the integral range-from 16 to 235, which is supplied
~to the luminance and color difference signal converter 42
to.a value in a numerical range from 0 to 1.0, and also
sets each of the color difference signals Cb'7s, Cr'7ss of
the integral value in the integral range from 16 to 240
to a value in a humerical.range from -0.5 to 0.5. The
luminance and color difference signal converter 42 aléo
converts the luminance signal Y"q00 expressed in the
numerical range from 0 to 1.0 and the color difference
signals Cb'yps, Cr'ss expressed in the numerical range
from ~0.5 to 0.5 into color signals R'709, G'70s, B'70s
according to the equation (4). | |
If the vy characteristics of the display mechanism

45 of the television receiver 2 are different from the

10
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Each of the color difference signals Cb' 709, C' 709
according to BT.709, which are supplied fromthe inmge
signal input unit 41 to the |um nance and col or

di fference signal converter 42 is of an integral value
in an integral range from 16 to 240 which can be
—expressed in 8 bits, as described above. The

| um nance and col or difference signal converter 42
sets the lum nance signal Y 709 of the integral val ue
in the integral range from16 to 235 which is

.the | d | di ff |
et g b R a0 S SRk Thance Tr o
f dif
- GhakaeeR18e 889 rBEESSARAN By 1A %%?Eva' e
| 16 t 240 to ’
. 900R L rh8IEnC e Fihd ‘ﬁ%ls l&m FaREEctor 43
QL rdisf EE&GBSEOJ?'?@{ conpuerter.42 ak L?;ﬁ)\i%_eds from

the I'um nance si gna Yo ef%?essgﬁ |n Pﬁ uner |
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709, Cr' 709 expresse he "nuneri cal "range
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according to the equation %t

SipssELer sttt ol oo 0 o8l A0
(CRT (Cathode Ray Tube) or the like) of the television
. receiver 2, and supplies the colo: signals R'g9, G'7os,
B’ to the D/A converter 44.

If the & characteristics of the display mechanism
45 of the television receiver 2.are identical to the |

'photoelectric transducer characteristics of BT.709, then

the inherent ¥ characteristics corrector 43 is not

required.

The D/A converter 44 converts the digital color
signals R'70s, G'qge, B';w_supplied from the inherent ¥
characteristics corrector 43 into analog color signals
R'700, G'709, B'709, and supplies the analbg colcor signals
R"509, G‘mg, B'ﬂp 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"7¢e,
| G'700, B'709 supplied from the D/A converter 44.

The coloxr signals, the luminance signals, and the

11



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 709, G 709, B 709
supplied from the |um nance and col or difference

stghat @Qﬂﬁ@féﬁée4§i%ﬁﬁl§ §6L8FashgnahspR 709; wﬁigggare
B' 709 according to t i nherent y characteristics of

t ﬁogé§§é@Y1ﬂeﬁﬂ@nV§@%ésca&é¥g-icgﬁaogﬁeRéglgyPgi?les

the like) of the television receiver 2, and supp

thecEohoF si QF@' ﬁr&&@:‘%%@ ZQgREc&MEﬁDAfI{HﬁeI%-ﬁ%l BT.709-

converter 44, he y characteristics o

ngchani sm 45 of the television receiver 2 are

identical to the photoelectric transducer

char act ti f BT. 709, then the inherent

char act glrrflet |4g23 cécrhree(?tcé:rdmf?nys“}go deral'we]ﬁlﬂﬁ' é”&lc}/wﬁetkﬁ A

nverter 44 con ts the digital color .signals

g ey OB A AR BT oM € hePFHRRF engojors and

cha acterlstlcs corrector_43 into, anal og col or signals
@z%%f © 7g8Lt %%ﬁ%&l%ub%?%wh%na%%ﬂt%@n%%@ale de

R 709, G 709, B 709 to the display nechani sm
iﬂ?%ﬁ% d?xHEHﬂﬁﬁ%ﬁﬁ4%Y$%%mudes a CRT or the

Ilke and di spl ays an i mage based on the col or
signals R 769, G 709, B 709 supplied fromthe DA

converter 44.
Disclesure of Invention

Since the color signals are processed 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.709.

If ceolor signals, luminance signals, and color
difference signals are uniquely defined regardless of
BT.709, 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.7009.

Example embodiments may provide signals which allow

colors in a wider color
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The color signals, the |um nance signals, and the 11
color difference signals according to BT.709 which are
processed in the video canera 1 and the tel evision
receiver 2 are prescribed i n RECOUWENDATI ON | TU-R

BT. 709- 4. FIG 4 of the acconpanyi ng draw ngs shows

BN gEN OB It ORI NAE RRSIIIONS, Bf R IWRMYo5 oy
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colors and reference white | Conmi ssi on
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Di scl osure of Invention Since € col'o S are

d r.di t t.he standards of BT.709 in the
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€0 canera evi'sion receiver 2 as

descri hed ove, the video canera 1 and the
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colors.not under the standards of BT.709. If col or
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signal s _are uniquely defined regardl ess of BT.709,

L RBRACEIGRs S0 B TRICRS ol dorcar g e 1 e 2rek stk ing 2
However, it is difficult to process the color
sTYRAPERCenE 1otan aRce csil@raldd £ farencse sdalrrls,
difference signals that are thus uniquely defined in

t EPEPIIEARY ‘r 8cPIVERY Yaceodiad mpnve riBEng0dnit for

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 said
predetermined standard; 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 than a numerical range of color signals
corresponding to a luminance signal and color difference
signals according to said 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

13



Exanpl e enbodi nents may provide signals which allow
colors in a wder color 12 range than predeterm ned
standards such as BT. 709, for exanple, and which can
be handl ed by apparatus according to such
predeterm ned standards. In accordance wth a first

ASRELhaolel 18 PES e JMRNGLOL A INGLS 1.5 pf gyl fled 2
signal processing “apparatus for processihg col o
signalsand oylputiting A ldnﬁrﬂarh%cespiflrganflacacndrc?PAéJ "to said

di fference signals, conprising: a y color

C rti unit f.ar ohverting first. colagr sighals
hg%%ﬁg gﬁﬁ%g%#(ﬁﬁ(ﬂdéﬁﬁ;rﬁ%éié$%f%ﬁ g(ﬁh?wcéiﬁ@e
t rinmary color, points .accordin 0 .
p?@ggt%é:rerzﬁcr%élﬁngnl argderﬁ?a\ﬂﬁoﬁﬁ”ycoﬁag’ré ‘H?ajfcf%r%“rﬂ:réﬂ

si%nals havingra first nunerical_ range are assigned

t RN SEEEgr A Naldd 9 £ IS B GGl s e Mhigpecond
Is smal.ler than an integral range which can be
eRPRESLEF by 2R I5 Rty igR mialdl finsg geswi @l orange,
signals based on primary colors according to said

prPedet EPAPRe dITARERCE sd Wirdsadredimics tai el WAt er iamy

unit for converting said second color signals into

t ht§9&siora lsiegAal &hec soadindg numeptictadelreotad ovhich can be
transducer characteristics defined in a nunerica

r aFgeewliedhblys said plurality of bits.
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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 said predetern ned
standard; a color signal converting unit for
converting said third color signals into a | um nance

—si-gnal - andr /£ ol odmli d f &HENEEnerSt gnal $:+130ds 'g@féf‘%ééé%g

unit for correcting the 13 | um nance signal gener

by il S Prad Al us © W@%ﬂ@@oé’f@ét %ﬂ]ﬁ ot@adljlé"ﬁﬂc?&pce

signal according to said predeterm ned Standard, and
coraeldag- e ol are I erance shonal s, ganeraled. by
sai d col or signa conver I'ng J%Wﬁﬂgﬁf% o orrg%peCt to an
diffiersence signals in a second nunerical range
containing said first nunerical range, said color

di fference _si.,gnal s, being assigned to an integra

val ue in the tgleec Sﬁturf%rqrbag]t %%%%%SW%W Heus, all of
eﬁ%{essed b saiqﬁgluralit . of bits. 13a In exanple .
emdSdFTERts Y (5P He F9PE Sitghdinltyr Jda sFhgracteristics
aﬁparatus, t he photoel ectric transducer , _
cREPHEEETTG i tar &1% B it St 52 i Sen Foslpiged wit

an origin. In the first signal processing apparatus,

afPCafrde; Fe e Lt o d@RAgting unit, the
characteristics .

In accordance with a second aspect of the present
inventiocn, there is provided a signal processing method
performed by a signal processing apparatus for processing
‘color signals and outputting 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 according to

a predetermined standard by which color difference

14



converting unit, and the col or signal converting unit
include a single |look up table. In accordance with a
second aspect of the present invention, there is
provi ded a signal processing nethod perfornmed by a
si gnal processing apparatus for processing color

S!sgwaﬁsa@l%ﬂlﬁtdgllét td:nga Adﬁ[gﬂq{hﬁlg %r%glaol%n%scs%g%ed to an

di ff'erence signals, conprising t

CQRV&S f:arig vaf]_iureS ti rC %l Q5 rssitg r},%l tsﬁgnhl%vli nlgarﬁ;;ei nv%riy hC C%Ll so rsma ller

points in a "wdér color range an primary col or

pQints according tq_ a predeterm ned standard whi ch

Cor g g TR G b T AT, B MR

range ar.e assigned tq an integral value in a first

| RLRGPA A Rde Blttizh 10 RATRR G4 an-dnigyingsed on

rangg whi ch can be expressed by a plurality of bits,

i FE0TGedord 1881502 OGNS B4s 6 i6h Prsidshainigichstandard;

according to said predeterm ned standard; converting

s&CHVESIRG EGIGE SSiIcgRA £almo SNt colngre Hilgithieplor

according to photoel ectric transducer characteristics

dELigRed Si ReEOrGHaY ¢l thatge iteh d S ragrsshta®r than a

nunerical range of color signals corresponding to a

| ¢hiarastersisgnals aed losidor ndiaf fremendealsimgmales which is

according to said predeterm ned standard; converting

sairg attlsitr dheol er nsingmdles i mamoe |lafiricednoe 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 third color signals, into a luminance signal
according to said predetermined standard, and correcting
the color difference signals 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 plurality

of bits.
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signal and color difference signals; and correcting
the [|um nance signal generated by said step of
converting said third color signals, into a |um nance
signal according to said predetern ned standard, and
correcting the color difference signals generated by

~-sai-d-strep aeloreamver tiing saiwh it rfd gl ol sighalSresent
into color difference signals in a second nunerica

rangeneqhdi RinkGe 38 ¢hidviste NWIE erndl
colorndifferenceesigng1s Jbé?ngpggéﬁg%ggq?%egﬁgﬁfang a

Skagal v algoun e Ssadpily Dy Salg 3098 o o
i ' f. t . t. .
seogLiaa i n SpLesasy SlolheRES Tnance

venti on, ovid a pr
c ter _tqg perfaorm. i_gnal pr.ocessin rocess for
p%g%glggi ﬁél%cglo&Prsidd‘% 1SS RANE oslhgﬁ’lﬂsjﬁ’n%ag‘qplﬁﬁgﬁ%e
si%nal %nd col or difference.skgn s, said %Lgnal ,
pFOCESSPRG FpPGCESS Sc GBSy 1P oL ‘e SRS g
first color signals having primary colaor points in a
witd&P T GPGPTr SAGE 34 Fan AFiida Ry 1T G5diait $edsT dithg?
to, a predeterm ned standard by which col or difference
sHaA&Fs CR&APENG2RIEI LEEM IFfeds Jodifge Padatas fapmedling to
an integral value in a first integral range which is
spaPréfetermined 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, intco 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
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 third color signals, into a luminance signal

~according to said predetermined standard, and
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than an integral range which can be expressed by a
plurality of bits, into second col or signals based on
primary colors according to said predeterm ned
standard; converting said second color signals into
third color signals according to photoelectric

ticansdueah g Ghar achen sii 68, defdhed 4N, 4 nRG ealy 1y saiq
range which is greater than a nunerical range of

cQhr, Sisgnal Ly i | um nance signal an

col or% di f:‘?:g)rngrr?ggq'n | ;s%%rbg e%%c%agfg)nlgoﬁ oy (A Mo Bbhor
pr romned . ar.d; _converting said third color, . .
sFg%gkgegkgogé%%%gghﬁﬁbg‘%ﬁ%ﬁﬁﬁ istor TG ereid@ining
Si | s;. _and _correcti.ng the |um pance signal ,
oEha Pt ad oty "SR I Grdp T Ben\ e L i i e ol hanals
s%%nals, into gtluninance signal _according to said
predEfe ARieN88 €St &Rd&rd TRHRE TS dorivéctimd ishes et
difference signals generated by said step of .
cOHPErtrRg £30d%t MrFhesley bs e ssas dxagladd plurality
di fference signals in a second nunerical range

cBht BithEng said first numerical range, said col or

di fference signals being assigned to an integra

value in the second nunerical range which can be
expressed by said plurality of bits. 15a
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In accordance with a fourth aspect of the present
invention, there is provided a signal processing
apparatus for processing a | um nance signal and col or
16 difference signals and outputting col or signals,
wherein said |um nance signal and said col or
difference signalsr ROMREIBec ) Uplaange, 8hg08l o ANfhe

color difference signals obtalned erting

figrels LRl Om-alanal;s, Wéf@n_{;%f% &é’éiozg go(élm C%rca?essing

mnder col or range than pri T oF poi n

PRPETE NG Fhre i M%%%%Zé’%é’éaﬂ;%.f%n%

to an integral value inafirst integral range which
is smaller than an integral range which can be
expressed by a plurality of bits, into second col or
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 in a
nunerical range which is greater than a nunerica
range of color signals corresponding to a | um nance
signal and «color difference signals according to said
predeterm ned standard; and converting said third
color signals into a |umnance signal and col or

di fference signals; wherein

16



said | um nance signal conprises a |um nance signa
according to said predeterm ned standard and said
color difference signals conprise color difference
signals in a second nunerical range containing said
first nunerical range, said color difference signals

beiite assianed 4h1an aﬂd]tcﬁ.gfﬁitﬁ’ﬁll%ecci)fbf h%/gsr?apfg]d wherein

nuneri cal range which can be 17 expressed sard

Plawri@d 11t i9fa did 51 gf%ﬂﬁﬁ%gfh§£ (Hﬁ%#fgﬁﬁﬁﬁém%i%ﬁgls

apparatus conpri ses: l'um nance an eren

SRR SONYE TR AL S O 053U R

si gnal accor redeter nine

s I di fference .si s in i d second ,

A g e e Ty ROy S s v ing

char.acteri stic converti,ng unit for converting said ,

URErE oI5 GRAE S rith SAI PSP b I BIIS | gig ©rimary

accgydigg{to saidrphotoelectric transducer

chEr&& SR SRR & d oo hge adagdroy

converting said second color signals into said first

cHdCsiEraTs didfe mencs rddinaly haling or Klorsedtirrical
said first color signals into signals in a nunerica

r ERGE WRITEN 3S&1 Beditsplady édr o za Jdivepluy 1nmec heaindsm

for displaying an image. 17a | n exanpl e enbodi nents,

i ANtiRg redc dRehasi gibdlch 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 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; 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, said color difference signals being assigned to an

~integral value in the second numerical range which can be
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processi ng apparatus, the photoel ectric transducer
characteristics are in point symmetry with respect to
an origin. In the second signal processing apparatus,
all of the lum nance and col or difference signa
converting wunit, the characteristics converting unit,

aRGpirle sell bW 160l GANMSS td Mgyt Jaclude saait q, signal

single ook up table. 18 Inaccordance wwth a fif

agRecl sQfi nhNa pRLESENs dg%\é?ltge%’ aghgm%gia%% %]\Hod%%l%r

si'gnal processing netho performe

p i a tus. f r.-ocessi-ng -.a. |unm_nance .
DRSO A R LSRG SRS o TR o
.and, sai d

c . _siagnal erein i.d l.um nance signa
o B PR ed T it S 4 PR R Ty gandard
d I di tf si gnal s .obt ai ned by:, , convertin
£ Prgk 230 odeindie TRATHG FTAREY o GRS n a
wi_der colgrérange than primary col or. points _according
t

© t BUBCE-EGE EPRPRedSParddrd Tty BrhiceH SolSeanadisst ér ence

si%nals having a first numerical range are assigned
t 6PARACREEGP AR Cv aPHEeIT 1R 9 undit iffregraverddge saHikiFhird
is smaller than an integral range which can be .
eXPressEdopypla prirasietly ek sinds calmiro ssevedd éslamrding to
said photoelectric transducer characteristics; a primary
color converting unit for converting said second color
signals into said first color signals; and a correcting
unit for correcting said first color signals into signals

in a numerical range which can be displayed by a display

mechanism for displaying an image.
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signals based on 19 primary colors according to said
predeterm ned standard; converting said second col or
signals into third color signals according to
phot oel ectric transducer characteristics defined in a
nunerical range which is greater than a nunerica
--range-of- color signals corresponding to a |lum nance
signal and color difference signals according to said
predeternlned %ﬁ@QQ@ﬁﬁElé”g%béa¥Hé'gé ng o ﬁ%tggéé%d signal
color signals into a I'um nance signdl "and color

differ Si l.s; erein _sai.d .lum nance signa
cﬁkﬁﬁFggg%g F%ﬁ%ﬁ%ﬁ%%ﬂsﬁbﬁ@ﬁﬁﬁﬁﬁﬁ%ﬁ%%f%%) %ﬁﬂ%ﬁhcer
pkgg%t%Eg%ne i%;andggd and .,sai d col or diffqience

signars "Conpri'se &di%rt Y et e fed i tal st §th HREInd© an
nuneri,cal range containing said first nunerical range,
s8rd98iror difference signals being assigned to an
integral value in the second nunerical range which can

be expresfed By SESRDIRFL PIOICHHINT iRt Wi 1l of
si%nal processi ng nmet hod conprises the steps of:

c bRFelAgagiged 21 Fod&rc 6l nege Edradialy e tding
predeterm ned standard and said color difference

shga&l sthe shisdaséeans tipsedasaler tiaggeniint,o ayal dhe

third color signals; converting said third color
skgaaksYi aPd ogaicdnyeadricac oindrt dingralde accoimdjIng tawk up

table.
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sai d photoel ectric transducer characteristics;
converting said second color signals into said first
color signals; and correcting said first col or

signals into signals in a nunerical range which can

be di splayed by a display nechanismfor displaying an
i-mage. 120 davactordance:wid he af sh xd dpaspest - the th@sent -
present aspect, there is provided a program for

enabldmg cn, cargtd s tirperda M as 54 8R! p RS OSESShd the thod
process for processing a |um nance signal and col or

digffrefioantes $@nalsigraid BIEdimY SOV OFa i 9N S processing
wherein said |umnance signal and said col or

digf femnanee s Wl CUR i&8 & durtdanes signali ang,g
color difference signals obtained by: converting

f'oru%tpuct@ﬁf SN SNV NG R IR M, GOl 0F nft{?rhmgncé ggnal

wi der col or” range than pri‘'mary color poi accordin

Lard Rradetenyned slandad by 'Chc&r?gr{seggsf IENiSce

S|gna s aving a rst nunerl ange “are

a e | ue first raI an| ichis

sr%tzaLI l %tnﬁiar?oglr?l% n l:e]fgf?ea enrcaengsel 1873 Cm?)\f ‘essed
IuraI| f b|ts i.nto se nd color si gnal s

béé)%ge%tm&l k) B U T g Ay Tlor

prede erm ned saﬁgdarqéF_convertlng sai d second col or

sPQRal § it & tHiIGF &A IGNGiFal il doridiay 1o lor points

phot oel ectri c transducer
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
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characteristics defined in a nunmerical range which is
greater than a nunerical range of color signals
corresponding to a | um nance signal and col or

di fference signals according to said predetermn ned
standard; and converting said third color signals
i-nto-a | um nance -signal and color difference signals;

vileved iy se-EPr s iad erandieng i gmada conpredese ami nwd naneedard;
signal according to said predeterm ned standard and
szt org didf@renoend stghat sSstonpt  seneol Oiird color
difference signals in a second 21 nunerical range
coirdred Ind e cs@at dl g risé prusesd Cadt £ 80 geran Sa@h sk €01 or

di fference signals being assigned to an integra

et alken d e it et Ee ol imdrericad fangei Wi Chaged Peich is
expressed by said plurality of bits; wherein said

Prgnaler MINGESS| MO QEES SrHMPTbBeScibe sieps of |
converting said |um nance signal according to said

It A dNa Sﬂ@néjaiﬁﬁnir?d}gcéaé.?gﬁﬂ oL i ééf&].encggfference

signals in sald second nunerica range into sa

tdigrfh 1601 e St i ﬁﬁ:Qﬁﬂﬁfg%féﬁbéégﬁ%ﬁgﬁr§%a(ﬁ%fﬁ; and
I C ng to

signhals Into sal second or signals accordi

SRl ghotorl s g, anacers LU APUEIS S
R AT E R
H%ﬁ?ﬁ%ﬂégﬁggﬁéu?éﬁﬁ%¥f@%s a luminance signal according to
saidlpredetermined 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 method comprises the steps of: converting said
luminance signal according to said predetermined standard
and said color difference signals in said second numerical
range into said third color signals; converting said third
color signals into said second color signals according to
said photoelectric transducer characteristics; converting
said second color signals into said first color signals;
and correcting said first color signals into signalé in a

-numerical range which can be displayed by a display

mechanism for displaying an image.
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mechani sm for displaying an i mage. 21la In exanple
enbodi nents, with the first signal processing
apparatus, the first signal processing method, and
the first program first color signals having prina{y
color points in a w der color range than primary col or
— point s%&: GEFAFAGRES ¥ Iihe detBriithedracdnddr ¢ 15y Rt xRt
color difference signals having a first numerica
raRCt ard e Hhetf vl ad | ategparanafer ¢nakhlingse
integral range which is snaller than an integra

reefe v cHe e fhEn e pP EgRed bycaepbimal Prycessbios,
are converted into second color signals based on

BT eRe 55 god o slulciooriagstonatl hengredkoerdi itedrence signals
standard, the second color signals are converted into
tdng dowhwrt signadsoacebyni hg, tohe phit oghedt Tawinance
transducer characteristics defined in a nunerica
reingree Whirsh ssidrester dhabefenceesigadls abdgipr Ofe a
col or signals corresponding to a | um nance signal and

coiminatidd egiefncel sdignatSl e Cof ffdfeh@e tHifgnals obtained by:
predeterm ned standard. The third color signals are

Cvestteithg Mo ddlb NadTen sl 9N v A SPIRSry color points
difference signals, and the |umnance signal is

G r£Giiet 4 O & [MHANANGS, S @Pﬁhar;‘?‘c@&f% NS 104 Neccording

predet erm ned standard, and the color difference

HANAl 5 Mt SR & UL E VP I BLSNSE di Frerence
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
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; 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
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signals in a second 22 nunerical range containing the
first nunerical range, the color difference signals
bei ng assigned to an integral value in the second
nunmeri cal range which can be expressed by the
plurality of bits. In exanple enbodinments, wth the

seneid i90Naandy QRN NG rAPRA AL Usir SN sRG0NG: 1, 9Nale,

processing nethod, and the second program a

| wdiranes Qil%lfe%'&cec%li%{na‘:ﬂg fiariene e il $ d il jide

a lum nance signal and color difference signals

ORLAIRER 1DY ARV & 3G TddSihd IR [ HANA S LAY can be

primary color points in a wder color range than

prd Iy r.di .a _ .pr termned, _.

R A L e T e P e
lodé nge are.assiqped t.o_an

first ri I ntegral__ . .
v rﬁge%%qg' &%ét Pt SgrAT Famge WhisHTRs 2 °Iqéhveﬁﬁﬁﬂ9 said
an integral ran whi ch _can he expressed by a .

oFAFER A BRed. Mg S calst Biieia tHassh gpndara
prinary.%plors aCC%rdin to the predeterm ned ,
sCPAISPEY CCoMTe PLithg HERE S SdERE TSol 6t SSighassqngt gumerical
third cqlor signals according to photoelectric . ‘

{ FARGBUCBIO CRAPACArTs (009 T driaRed Sin cRringalsaid third

range which ii;s greater than a nunerical range of
c6P Prsﬁ@ﬁﬁﬁés into sald second color signals according to

said photoelectric transducer characteristics; converting
said second color signals into said first color signals;
and correcting said first color signals into signals in a
numerical range which can be displayed by a display

‘mechanism for displaying an image.
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corresponding to a | um nance signal and col or
difference signals according to the predeterm ned
standard, and converting the third color signals into
a | um nance 23 signal and color difference signals,
wherein the |um nance signal includes a |um nance
-si-gnal--according to the predeterm ned standard and
the color difference signals include color difference

signal s i nna3@6RNE Mﬂ@téﬁ’&%ﬁtﬁ%@'ﬂf& téhﬁ]%snal

first nunmerical range, the color erence signa

bej i-gn in . al in the secon
DBRBSSGSp0 A0 I Fingl B RSN, necea
Lur.al i f._hi ) | wm_nance .si gnal ccardi.ng to .

? ﬁg Eip lrtg%gtfgrr r%qni) gt-%%ld alr%é]ré%d THE Lo o1 aaldsl %%Wlé%c f rimary
[ I [ he .second huneri.cal range are converte

si.gral.s _in e.s eﬁﬁﬂq

i ito “t hE°tRird 1oPor *61gn &% 2 Tarf@ ¥ (?rﬁﬂﬂQ% color
- signals are canverted into the second color signals
a€g6P5§nSCF8r Qgpﬁﬁiﬁeﬁéﬁﬂ%W?WWQ%%%éﬁéPdardELY which
characteri.stics. The second cal or s%gnals are .
CoRIeFt 84T IPREBCEnS oPede EaVr IsipgAainet aninaHe ] rsnge
color signals are corrected into signals in a
n8kEr PESFIP&RAgE OWRIC H NESE Y ae Vailsls! dyed iyl nptdiigplegyral
mechani sm for displaying an image. In exanple _
eRBBEENEARLSN &6l 68 lilgra thicte agoliotegral 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 to 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 into color difference

signals in a second
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range can be expressed by signals that can be handl ed
by predeterm ned standards such as BT. 709, for
exanple. Brief Description of Drawings FIG 1 is a
bl ock di agram of a conventional AV 24 system FIG 2
is a block diagramof a video canera of the

~ coReRAtienaly ﬁéy&ﬁﬁm i Ffﬁsﬁl'ntgr#%if]éai Srdhge, the

bl ock di agram a television recel ver

CRRMVIU 'c&"ﬁ‘fex@ﬁ@é’%ﬁjﬂaﬁ@%i Fl &G eglt% af'nif’ @egral
I §ﬂ%n r e

di agram show ng prinmary col or erence whi

coat 10 U0 TR BT 5 5 pg, th g o gy o
e LA F
ot 0 P LS S ARESL 1 SUELET s
RN T e

on to 768 colors of the Minsell color cascade and
- sBEes ndgLhe second program, a luminance signal and

color difference signals include a luminance signal and
color difference signals obtained by converting first
célor 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
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FIG 8 is a diagram showi ng the relationship between
a col or space based on a |um nance signal and col or

di fference signals according to the present

i nvention, a color signal based on 768 col ors of the

Munsel | col or cascade and col or signals under BT. 709,

and grav COlry &Page dased- an-a 4 45 pance, si gnal
col or 25 difference signals according to BT.709. G
9 Yjunig iy rdmrsHovingg udes rael atiorshig ofgE Gac@asing to

r.Qj ' jrection of " FIG. 10 is
Sitgigef ?rﬁ%gihé(;gv% ItrnJg;‘j}L%cegﬂv & ?Céagnecgarl(% Etw% i O?Ol%]f)a%e%&c%%?%d
by iIBNaAG9 iard ddee qurleserdi f feeMddOsidildds Lh i$ fecond
bl ock di agram of an AV system_ according to the
p lﬁaﬁveﬁﬂq%.c%t@lr&l?q sthe pl ekt diumpairaf mange, the

Vid&%ﬁ@ﬁﬁr@n@%ig’r\l\élﬁy%&{ﬂf@gﬁ rﬂed:ItCCP ailr‘il"ir!:ﬂde%]%al

13 is a flowchart of "an inmage capturing and recor
prEdess igerther medang trhmesiidedl caareya whiovin dam 44 G

1 E i bl qck _di.agram qf, .a television ,

Sarer P A A A 1 i G P inanas signal

| scaoiddaghardt tofe arddmaganditgl atidiHaf GRS he color

per.formed by the television receiver shown in FIG
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 transducer
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 displayed by a display mechanism for displaying an

image.

In example embodiments, 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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14. FIG 16 is a diagramshowing 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 Mbde for Carrying out the Invention Prior to the
~-description of -an enbodi nent of the 26 present

i nvention, a color space enployed by the enbodi nent
of the present invention will be described belowin
conpari son with existing col or spaces according to
{gq! atlonal standards. FIG 5 shows the rel ationship
between si gnal Ievels of signals accordlng to

| .
opr coohi Thd thbeh HiitaPatrsnll €7 At ranesaspggthe
AR5, 0710 S9LEL, SRAGe, r 5gr [ bed by TEC

nterna I ona otechni ¢ . ssion), 8 bits
el T B hasr g ?Sﬁafé ® t%e‘%swfaﬁaf:ﬁgver
es_r [ rom
&ﬁpg@% mﬁnéﬁg%gég%e exp eg§%§ %%Wg bi* tgﬂgEa h of the
col or al4s l% aG'dlgg!rgmr Sﬂéﬁfﬁgt&gn? ryzscglg)rszggd 0

+ 1) gradatlo
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 valucs representing the éignals
levels.

FIG. 6 is a diagram showing photoelectric
transducer characteristics émployed by the present
inﬁention.

| ‘FIG. 7 is a diagram showing the relationship
between a color‘sbace 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 presenﬁ
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
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According to sYCC standards for a | um nance signa

and color difference signals for still inages, the

| um nance signal Y is expressed using 8 bits as with
the sRGB standards, and the signal |evel of the

| um nance signal Y ranging fromO to 1.0 is assigned
-to values ranging fromO to 255 which can be
expressed by 8 bits. The lum nance signal Y is
represented by 256 (= 255 - 0 + 1) gradations. The
color difference signals Cb, C are expressed 27

' ot S .S | | f th |
u@iffbf%&@et§1aﬁgﬁgt%§?§%§ﬂ%%1xﬁéguﬁpg t he col or

di fference si ngl m-0.5to 0.5 are

sos| etk valyos Sal a0 LTS 16208 Mot can v

expressed by 8 Dbits. e colo

& a§“§%05%9EsaeF£eéh@yaf;ggg;g 255 0 + 1) gradations.

Col or "signals, lum nance signals, and"col or

di fferepeg. si i n . BT. 601 st andards.for
SOTV. (Srendgd Dot rareran Tapgid Se SfE i Sgetotor

- shandar dsviecy 5P (Hig élllaefthﬁi {%%Q%g' fr‘é%%%tt?i”c?n W

be descri bed below. According to s dare

used topEXPresss ¢Okb gl gpgé[%mﬁa@grpmﬁ%g,g&%% si gnal

| evel s of the color signa rangi romO0 to

bR catengssed oed 4. qd ues in an integra
range f?%m 16 to 1$2?>5$€!\/\n!/rj1cit g%rvéhtiéh_ .

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. 12f

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 ccmputer.

Best Mode for Carrying out the Invention

‘Prior to the description of an embodiment of the
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is smaller than the range fromO to 255 that can be
expressed by 8 bits. Each of the color signals RR G B
is represented by 220 (= 235 - 16 + 1) gradati ons.
According to BT.709, 8 bits are used to express a

| um nance signal Y, and the signal |evel of the

- lumnance signal Y ranging fromO to 1.0 is assigned
to integral values in an integral range from16 to
235 which is smaller than the range fromO0 to 255
that can be expressed by 8 bits. The | um nance signa
Yis represented by 220 (= 235 - 16 + 1) gradations.
RIS RN GVENBFOR0%R @it Frarce wspdovedepridess 28
color difference signals Cb, C, and the signal |evels
stbodimeps) 8t Bhe feFRifgy dinyirditsomhwith bandgswrrifrash
-0.5 tqQ 0.5 are assigned to integral values in an
HREOYT AP FRRBRTIFH M e o5 iB4d nghicohor sSBaeR S @rcadrsing
the range from0O to 255 that can be expressed by 8
5it $PLEIPATOP e heS BT dsdi f ference signals Cb, O is

represent ed by 225 ga 240_- 16 + 1) gradations. The
I

col or s\ tfnal,shaws thei Aahebisnghilr befiweerheigaslotevels

~difference signals according to BT.601 are prescribed
ST REBROBY, 70607 Kb AGCEQTETiP00L ahERIIRTEL AN and

25% of Ehe al ues ranging from0O to 255 that are
integral values representing those signals levels.

According to sRGB 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 valués 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 luminahce signal
and color difference signals for still- images, the
luminance signal Y is éxpressed using 8 bits_as with the
sRGB standards, and the signal lével of the lumiﬁance
signal Y ranging from O to 1.0 is assigned to values.
ranging from O_to 255 which can be expressed by 8 bits.
The luminance signal Y is represénted by 256 (= 255 - 0 +

1) gradations.

The color difference signals Cb, Cr are expressed
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expressed by 8 bits representing signals are not used.
The col or space according to the present invention
wi |l be described below. According to the present
i nvention, the color space is based on an expanded
version of given standards wherein signals having
- respective signal |evels are assigned to integral
values in an integral range which is snaller than an
integral range that can be expressed by a plurality
of bits, e.g., BT.709 wherein color difference
si gnal Cr ranging from-0.5 to 0.5 are assigned
q%faeﬁgﬁ'vﬁPﬁegh‘r‘ i inteyears pankee feukanie to
24Dj¥hich i's snfller than the range fromO0 to 255
tHt i SEERCBeS I ERPH 2 sSd Wy TEIERRS, TR SPRcE ficdl 1y are
‘accarding to the present invention, a _|um nance
AT O WA PO T 18T, P80 TRA(HASh Earpibes
are used.tp e AL eSS the lum nance signal Y, and the
s‘%xé’ﬁﬁssffgv‘g#’ %f e | dRPnERtRT st onceandoRg e e OCT
to 1.0 is assigned to jntegral values in an integra
Fﬁﬁbgepf?ﬁﬁ?ﬁ%dgﬁyéﬁgsmﬁ?@ﬁgi§ Emal T eragasat itome -r ange
fron10(¥g; 255 that can be expressed by 8 bits.
Ther ef of%;°"t T 9Py naHEER3R a1 9Py i A§dt Relergnal
0 resented by 22

%@é%?r%%g%ig %ﬁéﬁﬂéﬁqﬁﬁgiﬁgotésa{? 01 standards fog gETV
(Standard Definition Teleﬁision) and BT.709 standards for
HDTV (High Definition Television) will be déscribed below.
According to BT.709, 8 bits are used to express
color'signals R, G, B, and the signal levels of the cdlor
signals R, G, B ranging from 0 to 1.0 are assigned to
~integral values in an integral raﬁge from 16 to 235 which
is smaller than the range from 0 to 255 that can be
gxpressed 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 exXpress a
luminance signal Y, and the signal level of the luminance
- signal Y ranging from 0 to 1.0 is assignéd to integral
values in an integral range from 16 to 235 which is
smaller than the range from 0 to 255 that can be
exXpressed by 8 bits. The luminance signal Y is

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

‘According to BT.709, 8 bits are used to exXpress
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as with BT.709. According to the present invention, 8
bits are used to express color difference signals Cb,
Cr, and the signal levels of the color difference
signals Cb, O ranging from-0.5to 0.5 are assigned
to integral values in an integral range from16 to
240 which is smaller than the range fromO0 to 255
that can be expressed by 8 bits, as with BT.709.
However, an integral range to which the signal |evels
of the color difference signals Cb, Cr are assigned
s expanded to an integral range from1l to 254 which
I 15 TEREETRE et @At aride CRonpRg the 2abgnal vievshs of
si.gnal |l evel s _are assigned according to BT.709.
§H‘g%icﬂ18£| Ay LT erRrel Higiad &t k& pFEsEmRI L pE efk om0 - &s to
?4&2 BT. 709, each of the color difference signals Cb,
- BEFEFaAFERGRER ofR - Rarg lo Ve lpgs okl gmetnteuted range

integral ra of 225 (= 240 - 16 + 1) gradations
‘fﬁléﬁlﬂgfg g g%@‘“ﬂa}rﬁh ihersldral thewetle fmngseron 0 to
citeqral range from16 to 240 are also assi%ned to an
ARCeqPaT FARGE (PERRCEAe Y Anbitan ieelgedl thangelor
fr. 241 to 254. As_a resuylt, signal levels rangin :
(i3TeThr8e s iTne SEtr Eradsi GRERSTO AT IMk il (o A ge-

H%pq]})tgréggkions.

The color signals, the luminance signal, 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
‘_expreésed by 8 bits representing signals are not used.

| The color space according to the present invention

wiil be described below. |

According to the present invention, the color'space
is based on anrexpanded 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 can_bé 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 from 0 to 255 that can be

- exXpressed by 8 bits.
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Consequently, according to the present invention, the
color difference signals Cb, C whose signal |evels
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 difference
- si-gnal-s-Ch, C whose signal |evels are in the range
from-0.57 to 0.56, which includes color difference
signals Cb, C 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
wi der coPefififRibl¥hascoriéngoter she hptessat Bavention, a
expr.essed according to BT.709. The |um nance signal Y
5§ FOIRRE Prescriinesy @st Woihi BT 4eht i Shktt ds, 8
the | um nance signal Y according to BT.709, and the
- QOIS adRf PepeEnte SXRRAS W lumingscer aigiepk O/ ed the
present _invention are identical to the color
direrehe¥edi ghalle dminangecsigmag ¥or8Ion Bpmidt o
respect to the signal levels ranging from-0.5to 0.5
thét 18 8s5igngfete ttaveainvedigs iange FHeigtEd tgnge
40. Igerefgr , the Luninance‘signal Y and the col or
iPler&ntg ?5 wpkClon s emaddesr §hag toe thngs dgem 0 to

e PLLeN AT BY BPBEAt U SRt R
luminance signél Y having the signal level ranging from 0
to 1.0 is represented by 220 (= 235 - 16 + 1) gradations
as with BT.709.

According to the present invention, 8 bits are used
to express color difference signals'Cb, Cr, and the-

! signal levels of the color difference signals Cb, Cr
ranging from -0.5 to 0.5 ére assigned to integral values
“in an integral range from 16 to 240 thch 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 raﬁge from 1 to 254
which contains the integral range from 16 to 240 to which
signal levels are assigned a¢cording to BT.709.
Specifically, according to the present invention, as with

BT.709, each of the color difference signals Cb, Cr
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and can be used to display imges in a range of colors
that can be expressed by BT. 709, for exanple.
According to the present invention, since the color
difference signals Cb, C can have signal levels in
the range from-0.57 to 0.56 which is wder than the
range - from-0.5 to 0.5, when the |l um nance signal Y

and the color difference signals Cbh, Cr according to
“the present invention are converted into col or
signals RR G B, the signal levels of the color
signals It, G B can be of values out of the range
fROHESt 6T9M07013 ko 0-Gad shassioned| tes dedegran Gange
'(negativg valueﬁésor val ues E(eater than 1. The val ue

T epredantdl 1 hef i dimeredatiensf fxere 1&dicoR48i gantls
Ilt, G, B according to BT.709, and the value 1

r §46RRS tRE G YukbEalinéesrat neangs diros dfake R4

G. B.according to BT.709. As described above
AEEoPAPRGEES TR fres@ndnteayaht Fange dIWr Isitgnabsand,
G&nB having negati ve values or values in excess of 1
- Gan'BECHERY B9t Furddl tocdhdersion is performed
bet ween, such color signals It, G 32 B and the
1 umi narft® GGty PARthol §61H Gapgingofamm ~Q e to
oLar difference signals Cb, & ranging from-0.57 to
g: %.are assigned to  an integral range from 1 to 254.
:Consequently, according to the present invention, the
color difference signals Cb, Cr whose signal leéels 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 difference signals Cb, Cr whoseisignal
levels are in the range from -0.57 to 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 expreés-colors in a wider color range than
the colors that can be expressed according to BT.709.

The luminance signal Y according to the present
invention is identical to the luminance signal Y
éccording 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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When an image is captured and color signals R G B
of the image are to be converted into the | um nance
signal Y and the color difference signals Ch, Cr
according to the present invention, if the |um nance
signal Y and the color difference signals Cb, Cr
accordi-ng to the present -i-nventi-on-are-to be-handled

by apparatus according to BT.709, it is necessary to
convert the color signals RR G B, which are to be
converted into the lum nance signal Y and the col or
difference signals Cb, O according to the present
iWhidntreghect nto Yo rigreilgiaivelR r&gBigdoondi-og St ao

t he photoel ectric transducer characteristics of the
d-Spithptnecaanssiorsid BD The (ptegoal ectrigen)trofcder dong
to BT. 709, photoelectric transducer characteristics
&40 - deThewafagicr h thes pawinance heigrelgd ahdoth® toldr 0
that the color signals R G B can have, but no
pHétsERaeer $tonalansducér ebgpadingiixt itte gpresedef i ned
wth respect to negative values and values in excess
dnvenglon pek bechandind siyraisRtus, aBcondbey to BT.709,
converted into the |um nance signal Y and the col or
aref epBnke usdl digsdisplel, iorgascor di ngnge pliecplesent

i nvention can
that can be expressed by BT.709;, for example.

According to the present invention, since the color
difference signals Cb, Cr can have signal levels 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 presenﬁ
invention are converted into color signals R, G, B, the

jsignal levels of‘the color signals-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 value of the
lcolor signals R, G, B according to BT.709, and the value
1 represents fhe maximum value of the color signals R, G,
B according te BT.709,

As described above, according.to the presént
invéntion, 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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have negative values and values in excess of 1.0, it
IS necessary to determ ne photoelectric transducer
characteristics according to which the color signals

R, G B that can have negative val ues and values in
excess of 1.0 are to be converted. According to the
--present-invention, the photoelectric transducer
characteristics prescribed under BT.709 are applied
to input values in the range in excess of 1.0. For

i nput values in the range of negative values, the
phot oel ectric transducer characteristics prescribed
ubderd Bhe70@manenegpangel i 1 yacigitgs Fommt 0 yeoVi 1.0 and
respect to the origin, and the expanded photoel ectric
t tnsloer didlierenter ss¢nads aie appkbadite fihwse0.57 to
negati ve input values. FIG 6 shows photoel ectric
t¢dfsducer characteristics that are enpl oyed
according to the present invention. The photoelectric
© t ransdueen ciarbwage iist iceptuaedonnkd ngolar tdienplesrntG, B
invention as shown in FIG 6 are identical to the
pHottdel évagecareahs doe eroroieartadt énikst ths lwaciomndieng t o
BT. 709 i nsofar as the input signals (color signals R
GiplaXeand the eahyge difderente &iGnaBpedhfically,
~the portion of the photoelectric

according to the present invention, if the luminance

signal Y and 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
_characteristics of the display mechanism of BT.709 (&
correction).

According to BT.709, photoelectric transducer
characteristics are defined with respect-to the range
from O 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 luminance signal Y and the color difference
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34 transducer characteristics shown in FIG 6 wherein
the input signals are in the range fromO to 1.0 is
expressed according to the equation (2) as' defined
under BT.709. The portion of the photoelectric
transducer characteristics shown in FIG 6 wherein
the i nput signals are in the range exceeding 1.0 is
an expansion of the range fromO0.018 to 1.0 according
to the equation (2). The portion of the photoelectric
transducer characteristics shown in FIG 6 wherein
the input signals are in the range of negative val ues
| Sl fdms Conaetordireg piwttde goesent t famsduicer can
characteristics according to BT.709 in point symetry
ate megsddvet alres oridivalubrerief exkeess hef 1.0, it is
phot oel ectric transducer characteristics according to
tHRE§FEEhito Ackarine atwtasdpcesdedt bynsdissdol | ow ng
e%Pation (5): RMCX709 -1..099 x (12eda9)o.a5 --0, 099
ChayPFteIRe% s RResarding to RéxchdltheOt®loR 61018ls R, G,
ex7d9 = "(1..099x (Ra7W~" asmfl. 099) R x30W< '
Fotded (cant hevegirdatoivy 52 1uRsr epesehitss drceixgess of
signal R before it is converted according to the '
phét Gélceéer Pe convardddoer characteristics, and R
represents a color signal R after it is converted
accordi%@cqrg%ﬂ@éto the present. invention, the

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 traasducer characteristics prescribed

" under BT.709 are ekpaﬁded'in point symmetry with respect
te the origin, and the expanded photoelectric transducer
characteristics are'applied to those negative input
values.

FIG. 6 shows photoelectric transducer
characteristics that are employed according to the
present inrentionr

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 thelrange from O toll.O.

Specifically, the portion of the photoelectric
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phot oel ectric transducer characteristics. According to
the present invention, color signals G B are also 35
converted according to the equation (5). Colors that
can be expressed according to the present invention
will be described below FIG 7 shows the relationship

--between a col or space covered by BT.709 and a col or

space based on to 768 colors of high-col or-saturation
chroma called the Munsell col or. cascade and sRGB
standards. Color signals R G B are converted
according to the photoelectric transducer
duerFsEhesackarl tHes shover tadFEel of Wiauedns the
B converted into a_|um nance signal Y and col or
d1anrUé¢r EhgBRaLE gREeE stro-hegrangen frpwm 07t¢ ahd diss@xpressed
FIGS. 8 and 9 a col or space is expressed by three
%@rﬁpghweﬁ%ﬁﬁaﬁw | (@i Randefisegritider &¥d 708e
color difference signals Cb, Cr_ thus enerated. In
FIG 7, hh@qumionaRce LhE gRAPt Yo herl it trappgHcer
dlfference signals Cb, Cr_are indicated respectively
élaéaFEﬁFhamfés STRATA P FAfid EorBeredm fiher dmeetsisgaRPSS
in order to show that the |um nance signal Y

Eﬁﬁ %ﬂetE%I%ﬁnQﬁf3§SQ9@5€gsﬂgﬁaP§ B, eXpgnsdony 4pbhe to

the color s s R B converted
range'from.6§%¥% to 1.%’according to the equation {2).

The 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 eguation (5):

Rexsn = 1.089 % (R0 % ~0,009 10,018 2R, 505

Rloxmng = 4.5 X Ry ~0, 018 S Ryype < 0.018
Ragrog = = (1. 099 % (~Ryy00 % -0, 099) Reyroe < —0. 018
e B]

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 aécording to the
photoelectric transducer characteristics. According to

the present invention, color signals G, B are also
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according to the photoel ectric transducer
characteristics. In FIG 7, the marks O represent the
768 colors of the Munsell color cascade, and the
range of a parallelepiped in a grid pattern
represents colors 36 ............ expressed by col or

--si-gnal-s-accordi ng-to BT.709. The range of -a-

rectangul ar .parallelepiped in FIG 7 represents a
range covered by | um nance and col or difference

signals according to BT.709. The | um nance and col or
di fference signals according to BT.709 cover the
awirore rgpdc ecacrainly nge t the tdmmatREB $§ Andar ds, but
cannot fully cover the 768 colors of the Minsel

col or césbtade. tHREGc®: deowsprhesed|atdoniimigp tbetheen a
col or space based on a |um nance signal and col or
dirfefsenénéaventhan swiht dor diasgrtibetihbe poesent

i nvention, a color signal based on 768 colors of the
Munsel | FEal of sdmstadéicangleblionship drediveennderoBiy 763 ce
and a col or space based on a |um nance signal and
soiveredi bYeBBnteS sinthad ssdesostrng baseBRVA®. 768 FI G
8, the marks O represent the 768 colors of the ,
Mpeas| of ohbghreskatessatymdtibe chngea ofaldled the Munsell

color cascade and sRGB standards.

Color signals R, G, B are converted 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

HQenerated. In FIG. 7, the luminance signél Y and the

color difference'signals Cb, Cr are indicated
réspectively as a luminanée signal Y' and color
difference signals Cb', Cr' in order to show that the
iuminance éignal'Y and the color difference signals Cb,
Cr correspond to the color signals R, G,:B converted
according to the phofoélectric transducer characteristics.

In FIG. 7, the marks @ represent the 768 colors of

the Munsell color cascade, and the range of a

‘parallelepipéd in a grid pattern represents colors
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paral l el epiped in a grid pattern represents col ors
expressed by col or signhals according to BT.709. An
inner one of two rectangul ar parallel epipeds in FIG
8 represents a range covered by | um nance and col or
di fference signals according to BT.709, and an outer

—rectangul ar paral |l el epi peds represents a range covered

by Ium nance and col or difference signals according
to the 37 present invention. FIG 9 shows the
relationship of FIG 8 as projected in the direction

of Cb'. In FIG.9, the rks 0 represent the 768

SRR SSE PYhEO MR B IN G OESEAHotO BB T4 1 SRgerBRoe
a . parallelepiped in rid tern_represents colors
R Pa st RO ULBT P>t b eP bt RECt o BFRRP et a
inner one_of two. rectangles jn FIG 9 represents a ’
rangs S 6”%?%&%%%%&%8 &Ogsro?l%ﬁ WEhonals

si gnal agco ?i to BT. 709, and an outer rectangle
F%%F%géﬁgsgg 2 éﬂ%%’covered by | um nance and col or

di ffer e signals accordin p_1 he present
i nventf%ﬁ% SO Fﬁ%FF@g?g8é%§éF%ﬁnqﬁ1élﬁpééént

y ks f th I f 768, .col
SRR el 0 6 Bas e R e G esrareRnder

%£e7g%GB standards, but gannot'fully cover the 768 colors
of the Munsell color cascade.

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 caécade and color
signals under BT.709, and a color space based on a
luminance signal éhd color difference signals according
to BT.709.

In FIG. 8, the marks @ represent the 768 colors of
the Munsell color cascade, and tﬁe 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.7092, and an outer
rectangular parallelepipeds represents a range covered by

luminance and color difference signals according to the
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FIG 10 shows coverages in the col or spaces covered

by BT. 709 and the present invention. The coverage of
the surface area of the 768 colors of the Minsell
color cascade is 55%in the color space of color
signal s under BT.709, and 100%in the col or space of
~}lum-nance and col or difference signals according to
the present invention. The coverage of the volunme of a
uni form col or space (L*a*b*) is 61%in the color
space of color signals under 38 BT.709, and 100%in
the col or space of |um nance .and color difference
shygrend acvendiing.-to the present invention. According
to the present invention, therefore, a wder color
space cERGbhe® colrewedilmndredalitdpashhpaoi BBEE. &calsor
range can be expressed. FIG 11 shows in block form an
A BIesttemh abcohgi Agrecbichepra@sent i nvention. As
shown in FIG 11, the AV systemincludes a video
caner a B0 Bhe- a9t etlevimsiniks @eceipresend. tha MG cdlbrsaos
- signal of an-image captured by a video canera 60 is
sihspMuaget hr enghraceecatali mpdnedieumsigeont aa net work 12
to the television receiver 70, which displays the
igﬁﬂyglelepiped in a grid pattern represents colors

expressed'by color signals according to BT.709. An inner
. 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
'abcording to the present invention. | |

As éhown in FIGS. 8 and 9, the present invention
'fuliy covers the color space of 768.colérs of the Munsell
color cascade and color signals under BT.709.

FIc. 10 sho@s 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
colb; signals under BT.709, and 100% in the color space

of 1uminance and color difference signals according to
the preseﬁt 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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captured by the video canera 60. FIG 12 shows in
bl ock formdetails of the video canmera 60 illustrated
in FIG 11. Those parts of the video canera 60 shown
in FIG 12 which are identical to those of the video
canera 1 shown in FIG 1 are denoted by identica

—-reference nunerals, and will not be L described in

detail below. In FIG 12, the video canera 60 includes
a operation unit 21, an inmage capturing unit 61, an
AID converter 23, a primary color converter 62, a
phot oel ectric transducer 63, a color signal converter
&L - BP0 aper 188k oin6e erlancodee 28, lamivance|drer

29, a recorder 30, and a comrunication unit 31. The

| iGAgE cHftferenge uai 9nsdlls sacgamslioy sbopbeapresendyge

capturing process according to an instruction from
tHEBPEeR-i on unit 21. The inmage capturing unit 61

. supplies an i mage signal indicative of a captured

i mage PECORAINY B presens. imhent e Wepedorag a
unit 61 _includes a CMOS (Conpl enentary Metal Oxide
e FPd S oFPace narferbe e eiChadgecBoup| Bl Detiides)
or the like, and outputs color signals R G B (Red,
G?%Hﬂ{ range) cas kg expressed.

FIG. 11 shows in block form an AV system according
to the present invention.
As shown in FIG. 11, the AV system includes a video

camera 60 and a television'réceiver 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 60‘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 refg;ence 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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I mage signal. The primary color points of the CMOS
i mger or the CCD as the inage capturing unit 61
shoul d be positioned in a wi der color range than the
primary col or points according to BT.709 in order to
transmt information of colors in a wder color
-r-ange.— The A/ D converter 23 converts analog col or
signals R G B supplied fromthe i nage capturing
unit 61 into digital color signals R, G b, and
supplies the digital color signals R G Bto the
primary color converter 62. The color signals RR G B
%&Préﬁétgﬁpéﬂﬁedalﬂ romadRr ABD aceanbrebierR%,0 at he
primary col or converter 62 are referred to as col or
$IGRAFPSTRER; @RY, 2 BestaTe gaitilwar ynébl 8% - converter 62
converts the color 40 signals Rex, Gex, Bex supplied
from t hENSY ITadsh FaPtEring unht o6 E o ATt gralS§ORexaT 09,
Gex709, Bex709 based on primary -colors under BT. 709,
&ﬂa%uﬁﬁPFe‘s’l%eretﬁs SIC§RANS DReRT 08N 11G TS ioBe£T08
?1 the hot oelectric transducer 63. Specifically, the
bPEng %B}%? v erlt-er TR Eergereapturdngcshér €lgnal s
Rex, Gex Bex supplied fromthe A/D converter 23 into
EBPBP%F g"fH%I g Fignaded Y CabiRe 0ot usEPtanegr inagy
S Kng BT. 709 accordi ng to the equation (6)
gﬁ /D converter 23 The Image capturing unit 61
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 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 order to transmit information of
- colors in a wider color range.
The A/D converter 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 02.
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, Gex; Bex.

- The primary color converter 62 converts the color
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bel ow. The primary col ors under BT.709 are shown in

FIG 4. 1 ..56 . '"0.6351 0 0383 k X 0Oe 0.1464
1.2266 -0.0795 dux -1.5x?i3 -4>:014f 0. 3tt86 1; X22?
6 The col or signals Rex709, Gex709, Bex709 obtained by
the -. - Primary color conversion perfornmed by the

--pri-mary-col or- converter 62 can be of- negative val ues
or values in excess of 1 if the primary color points

of the image capturing unit 61 are different fromthe
primary color points of -BT.709. The photoel ectric
transducer 63 converts the color signals Rex709,
Gebdrod s Bex 7 6gx s epl $urb ¥iresinfivem hendr/) copogrter 23
~converter 62 into color signals Rex709, G ex709,
By 0 logc sduphg RadoheGCphot oBieet PREetr ahsRitichary
characteristics of present invention, and supplies
t¢iel s edesdBEolV 99, 4andj sppElld eR ERP0901 G eX MRS Rexv09y
B'ex709 to the color signal converter 64. That is,
therophdtomb ek rile Ih@ioelectree toameducer tdfe col or
signals Rex709, Gex709, Bex709 supplied fromthe
ey cedllyr  Ebavyiearis Zalero cepVert st ghal eorestFohe

G ex709, B' ex709 according to _the equation (5), and
gyﬁkgq ddgnals Rex, Gex, Bex supplied from the A/D converter

23 into color signals Rexos, Gex709s Bex70o based on primary
colors under BT.709 according to the eguation (6) shown
below. The primary colors under BT.709 are shown in FIG.

4,

Reooe. | [ 1.5088 -0.6351 0.0083)
| Bexmg || ~0. 1460 1. 2250 0,0795 |
Bears) ([ -0.0141 ~0.1088 11227 )

ey
The color signals Rex70s, Gex70s, -Bex700 obtained by the . -

primary color conversicn performed by the primary color
converter 62 can be of negative values or values in
excess of 1 if the primary color points of the image
capturing unit 61 are different from the primary color
points of BT.7089.

| The photoelectric transducer €3 converts the color
signals Rex109, Gex70sr DBexvos supplied from the primary color
cbnverter 62 into color signals R'exi09, G';gw, B ex709
according to the photoelectric transducer characterxistics

of present invention, and supplies the converted color
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the converted color signals R ex709, G ex709, B ex709
to the <color signal converter 64. The equation (5) is
an equation for converting the color signal Rex709
into the color signal R ex709. The color signals
Gex709, Bex709 are al so converted respectively into

-—t-he -col-or-signals G ex709, B ex709 according to the

equation (5) as with the color signal P,,709 The
range fromO to 1.0 of the color signals R ex709,
G ex709, B ex709 which are converted fromthe col or
sijgnal s Rexyo9, Gex709, Bex709 by the photoel ectric
RS Gc B =88 b S edosan Bt meop it ddkeeetoe hamadducer
characteristics according to the present invention is
48 VEZETad4mi t h  BT.709. The col or signal converter
64 converts the color signals R ex709, G ex709,
B' ex7097R8%bp}dedber BRrLREICEhBL 6t RRRSIUCTT AASEORERIES
into a.lum nance signal Y ex709 and color difference
GiNGn &P CELSEIHDYS Ferrorx 7997ac cBeaion§uBRL 1 ach & Tegudieon
&17‘1) shown bel ow. The col or signal converter 42 64 has
MBS ERLBF BAR GGt for dd@ CREPEI HLIHE Rlermect or

4A corrgcts the | ym nance_signal Y ex709 into a

Fumi’An Ce =8Py FACOF AR nhfeF e afdvalige fiPém Bngosupplies
T8, DoMBRE U NS R BENL,, VSN, OB o e

r r Blex
color signal converter 64.

The equatioﬁ {5) is an equation for converting fhe
color signal Rex709 into the color signal R'ex70so. . The colo.r
signals Gex709, Bexoo are also ;onverted respectively into
the color signals G'exiosr B'ex709 accérding to the equation
(5) as with the color signal Rex70s. |

The range from 0 to 1.0 of the color signals R'ex709,

- G'ex08; B'ex709 Which are converted from the coloxr signals

Rexmg, Gex709, _ Bex70s by the phétoeléctric transducer 6'3
based on the phbtoelectric transducer characteristics
according to the present invention is the salﬁe as with
BT.709. (

The color signal converter 64 converts the color
signals R'exr09, G'ex709r B'ex709 supplied from the
photoelectric transducer 63 into a luminance signal Y'exjos
and color difference signals Cb'exigs, Cr'exr0s according to

the equation (7) shown below. The color signal converter
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the color difference signals Cb' ex709, Cr'ex709 into
color difference signals in a nunerical range from
-0.57 to 0.56 defined according to the present

i nvention, and supplies the corrected |um nance
signal and the corrected color difference signals to

-t he-encoder  28. 1Y -$ -ex709 0.2126 0.7152.-0,0722 f

RR&MIB Cill'ex7D4~-i -0..1140 -0; 3854 0.600E1l' Q-
r'7 [ k U 500.0. -0.4542 ~. D58.:8 ex70s {7F
Specifically, the corrector 64A of the color signa
converter 64 corrects the |um nance signal Y ex709
vt i8S ShesparreFteraftd -‘tr’fﬁoép@réﬁédc‘égﬁéﬁ%% t Fae
| um nance signal Y ex709.which is greater than 1,0
i FRIFELteT POF EXERPFES thmhd WinPBEeoFigRAL af Seros into a
corrects the color difference_ signals Cb' ex709,
U PPRS S WAT GRE A B sTE YRS 495dn TaBI57ErARoC t®. 52 and
Ci)rrects the color difference signals Cb' ex709,
TerGo2GRPEALRY et Yr it 1 aSRah ANBERE PRy (5, CORRECtS
%5& or A assigns the corrected | um nance signa
76 OFo HATPRERGR of - IR lFe CPneasr i Ffegred 1PARgECLPEmM

0 235 which is, smaller than the integral ran e
eéePse ﬁé%n%%tlrba&h Iﬁ@%%ﬁéésg@a% nt 8o 1%, 3 -
'E g 43 | um nance gnal Y' ex709 that |s
SRR tTﬁF?%é%ﬂﬁéﬂo the“present invention, and

- supplies the corrected luminance signal and the corrected

color difference signals to the encoder 28,

Veaes | | €.2128 9, ?‘352 0.0722 1 Rtﬁgmg |
(£ B ; *"ﬂ 1146 —~0,3854  0.5000 ! ‘3’3!&7@3 '
G?' P j i 0.5000 -G 4542 -0, 0458 {;B 33?99
S (7

Specifically, the corrector 64A of the color signal
converter 64 corrects the luminance signal Y'ex70s which is
smaller than O 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 Ch'exoa, Cr'exros wﬁich are smaller than -0.57 into
—0.57; and‘corrects the-color différence signals Cb'cx709,
Cr'lex700 Wwhich are greater than 0.56 into 0.56. The
corrector 64A assigns the correctéd luminance signal
Y ' ex708 to an integral value in an integral range from 16
to 235 which is smaller than the integral range from 0 to

255 that can be expressed in 8 bits, and supplies the
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value as a |l um nance signal. according to the present
invention to the encoder 28. The corrector 64A assigns
the corrected color difference signals Cb' ex709,
Cr'ex709 to an integral value in an integral range
from1l to 254 which is smaller than the integra

range fromO to 255 that can be expressed in 8 bits,

and supplies the color difference signals Cb' ex709,

Cr'ex709 that is assigned to the integral value as

color difference signals according to the present

invention to thi epcoder 28. An image capturing and
S

rEEBPFRNTE 5ee8 rf’é?OPoF}ﬁ%E 1$\ag9gherdEn Basethteral

h wn in Fl 12 will be described below wth
éFbﬁ@eat u%f%?nﬁ% Shﬁﬂ?%aﬁéﬁﬁ?ﬁéﬁguﬁ?ttﬁﬂ.R§ﬁﬂﬁ4§cts

l&afgeg T SPHIE it e e rtveng. o or Péw@as

star reco d|n captured inage,. i.e.

3o ok -ERber Fotthtir a3 5 o el adt i [ 5
3PS ol B, SOELAIS B0, FSEOTID
U8 ST 0 1, SPPREE e 2o
IR e S RIESEL IR S B, 2 coron
difference signgls Chb'ex700, Cr'exr0s that is assigned tO‘the
integral value as color difference signals according to
the présent invention to the encoder 28.

An image capturingfand recording process performed
by thervideo camera 60 shown in FIG. 12 will be described
below with reference to FIG. 13.

The operation unit 21 instructs the image capturing
unit Gi to start capturing an iﬁage and at the same time
instructs the controller 29 to start reéording a captured
image, i.e., to control the recorder 30 to record a
_céptured image. In this manner, the image éapturing and
redording‘process is started. .

In step S1 shown in FIG; 13, the image capturing
unit 61 céptures an image of a subject to acquire an
image signal, and supplies color signals R, G, B as the

image signal to the A/D converter 23. Then, control goes

to step 52.
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44 In step S2, the A/D converter 23 converts the
anal og color signals RR G B supplied fromthe inmge
capturing unit 61 into digital color signals R G B,
and supplies the digital color signals Rex, Gex, Bex
to the primary color converter 62. Then, control goes

—to step S3. - In step S3, the primry color converter

62 converts the color signals Rex, Gex, Bex supplied
fromthe A/ID converter 23 into color signals Rex709,
Gex709, Bex709 based on primary col ors under BT. 709,

and supplies the color signals Rex709, Gex709, Bex7og
to the photERP Bt ithet AdRsdobeert68. 2T hemvestist tbe

goes to step S4. In step S4, the photoelectric
radegueelos3sigamberks &:h& sobplisdghiabs Hex708ge
Gex709, Bex709 supplied fromthe primary color | :
CORErERg B21Ened ERtordigigaadl solRr, 709216 Rx 9B, and
B' ex709 based on the photoel ectric transducer

ShEPadear Fhei ds9herbrafiley sdInRéspResefes, Bavdmt ithe

and supplies the converted color signals R ex709,
BTeR?20Y, CRLeX 70T ke &0l oFheT gnadh ity efoesr te4step S3.
Then, control goes to step S5. In step S5, the color
signal:Ebﬁvéﬁté%'6$h@oHVém@§Y EREO R T BIVeditglialbg converts
R ex709, G ex709, B ex709 supplied fromthe

6t Gef et 713k afeeucen: 63« AUBPALE St Fah ddes iPdRal

Y' ex709 . . '
converter 23 into color signals Rex709, Gex70s, Bex70s based

on primary colors under BT.709, and supplies the color

lsignals Rex709, Gex709, Bex70s to the photoelectric transducer’

63. Then, control goes to step S4.

In step S4, the photoelectric transducer 63

- converts the color signals Rex70s, Gex70s, Bex70s Supplied

from the priﬁary color converter 62 into color signals
R'ex709r G'ex709, B'ex70s based on the photoelectric
transducer Characteristics according to the present
invention, and supplies the converted color signals R}efmg,-
G'ex709, Blexios to the color signal converter 64? Then,
control goes to step S5,

In step 85, the colox signal converter 64 converts

the color signals R'ex709, G'exiosi B'ex700 supplied from the

photoelectric transducer 63 into a luminance signal Y'ex7os

and color difference signals Cb'exi0s, CF'ex709 according to

the present invention. Then, control goes to step S6.
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and color difference signals Cb' ex709, C'ex709
according to the present invention. Then, contro

goes to step S6. 45 In step S6, the corrector 64A of
the color signal converter 64 corrects invalid val ues
of the lum nance signal Y ex709 and the col or
—di-fference signals Cb' ex709, Cr'ex709 which are
produced in step S5. Specifically, the corrector 64A
corrects the |um nance signal Y ex709 into a_

| um nance signal Y ,.7()9 in a nunerical range fromO

to 1.0 efinedﬁggcordlng to the resent i nvention,
and cor FRcESCR P rc Gy Briestencel?r Siyddis C‘G&Oéx?egnal

9 into color difference S|gnals Ch' ex
né&?f%& B o REREr T AT kigl JPRBIT OF 5¥¢ oL grggince

defln accordl g %o thf resent invention, For

Sx e “Tif 2 FOEt o BAATRERTRANCE PREPRAR WA s
naI Y‘ 09 which is snaller than O into 0 and

o

cor PELT & F‘Ei% REATRESY, ngha? P &709 which is

greater han 1. The corrector 64A al so

correct%p??ﬁgﬁﬁﬁ Y’d%ﬁ?eFSﬁEECE?ﬁréﬂ%;cQﬁfeé%?Og he

X709 _which are snmal]er than -0.57 into -0.57, and
wdbpge RSl fEmOPfJeIP"e%d%a]ﬁ”BﬁﬁPgeOBl%&%gY ciros 11 a
whi ch r.t 6 into 0.56. T e
: correct(g BANE fﬁ%ss telheJ 582%8%‘?&?%%&8 t

shunal, Viexgon and she courccred. colr, dif gt ence
signals Cb'exi0s, Cr'exros into color difference signals
Cb'ex70sr Cr'ex0s in a numerical range from -0.57 t070..56
defined according to the present invention. For example,
the corrector 64A corrects the luminance signel Y'gxfms
which is smaller than 0 into 0 and corrects the luminance
signal Y'ex709 which is greater than 1.0 into 1.0. The
corrector 64A also corrects the color difference signals
Cb'ex709, Cr'ex709 which are smaller than -0.57 into -0.57,
and corrects the color difference signals Cb'exros, Cr'ex709
which are greater than 0.56 into 0.56. The corrector 6424
.expresses the corrected luminance signal Y'ex709 and the

- corrected color difference signals Cb'ex70s, .Cr‘exvog
according to the present invention with the 8 bits
‘ldescribe.d with reference to FIG. 5, aﬁd supplies the

‘luminance signal Y'ex70o and the color difference signals

Cb'ex709, Cr'exi0s L0 the encoder 28. Then, ~control goes to
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according to the present invention with the 8 bits
described with reference to FIG 5, and supplies the

| um nance signal Y ex709 and the color difference
signals Cb'ex709, Cr'ex709 to the encoder 28. Then,
control goes to 46 step S7. In step S7, the encoder 28

-—-encodes the | um nance signal Y ex709 and the color

di fference signals Cb' ex709, C'ex709 supplied from

the col or signal converter 64 according to a
predeterm ned format such as MPEG for exanple, and
89@# §§ the resultant encoded data to the controller
2 he control goes to step S8. In step S8, the

t || | th t lied
cont ol ! cS2aouABLLES A prcaded, dala sumplied, o
3 th d d t d f t.h
et |€fex72§e?f§t ] 33?3?35@%5%%%}&% FORIIG
Co t , th
opef%fron r# 3%?5%ﬁ1ﬁ8§8rmﬁ%??éh Fétﬁ§ gﬁ

rocseting ey pptrf*f‘ﬁe%er i) g,gu“apg%gdggeﬁggg' ¢
S R A TR R @e
t&bﬂf?ﬁ%%é B% 'n%ﬁgi, control goes to step 38.

| In step S8, the controller 29 supplies the encoded.
data supplied from the encoder 28 to the recorder 30. The

- recorder 30 records the encoded data supplied from the
gontroller 29 in the recording medium 11 shown in FIG. 1.
Control then goes to step S59. |

In step S9, thé operation unit 21 determines
whether there isua request to stép ﬁhe iﬁage éapturing
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, ﬁhen
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
énd recording process, then the operation unit 21
instructs the image capturing unit 61 to stop~¢apturing

-an image, and -also instructslthe controller 29 to stop

- recording a captured image. In this manner, the image
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capturing and recording process. If it is judged in
step S9 that there is a request to stop the inage
capturing and recording process, then the operation
unit 21 instructs the inmage capturing unit 61 to stop
capturing an image, and also instructs the controller
29 to stop recording a captured-inmage. In this

manner, the image 47 capturing and recordi ng process

is stopped. FIG 14 shows in block formthe tel evision
receiver 70 of the AV system shown in FIG 11. Those
parts aof the evi.sion receiver 70 shown in FIG 14

VR AR aP&eﬁ?F%ﬁPl?% RIS o 5t fECPBFEYI si on
ool vobig SIPULANL 58, et depet S B Lo Lo,
BB B S Gty Lol gl S feeeue 0,
8 5830, FLLLELSRCR g, SOBEC £ T con L verso
g%er enfe'lﬁy ch%ﬁ%%oleo# s??ecs %@gﬁgé%gg%g%%z‘ﬁ%r g‘{]ﬁhown in
?ﬁ%vﬁ%%%ein Hrahi R SR ettt gnd
GARYeLbR LQ%M{@@&%'&f{almosm? and the color

In FIG. 14, the television receiver 70 includes an
image signal input unit 41, a luminance and color
difference signal converter 71, an inverse photoelectric
:transducér 72, a primary color converter 73, a color
81gnal corrector 74, an 1nherent Y characteristics
corrector 75, a D/A converter 44, and a d;splay mechanism
76. |

The luminance and color difference signal converter
Ti converts the iuminance signél Y " ex700 aﬁd the Eolor
difference signals Ch'ex708, Cr'exro9 supplied from the image
signal input unit 41 into color signals R'ex70s,  G'ex700r
B'ex70s based on the photoelectric transducer
‘characteristics according to the following.equafion (8),
and supplies the color signals R'cxros, Gex70s, B'ex70s tO

the inverse photoelectriec transducer 72:
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difference signals Cb'ex709, Cr'ex709 supplied from

the image signal input unit 41 into color signals

R ex709, G ex709, B ex709 based on the photoel ectric

transducer characteristics according to the foll ow ng

equation (8), and supplies the color signals R ex709,

G ex709r B ex709 to the inverse photoelectric : :
transducer 72: 48 re799 1, 4l Q. 4 46 1..5747 Y‘tlts

6 uxi~s .l f1E1 -0.181 -(I, 4682 "}ex709

Specifically, the |um nance and col or difference

signal converter 71 sets the Iuninance signal Y ,1709

|ntﬁg [ egr range from 16
t G’ '%% "V , ‘{}abéﬂg ngggg {g |ts to a val ue
[ ang @704 and al so sets each
0 - ffe%ﬁceﬁéﬁ hal St X709, CO' ex709 of
the-integral value in the integré#* range from1 to
254 which can, be _expressed in 8 bits, to a value in a
nuner i cBPeFaRieaFomthey lmipgngesand Thel onmifdesenand
col or difference signal converter 71 also converts
tHEPPINCRENEE LEF ghal SFEoxths0 1 Bipressedipnpat N exros OF

nmeri cal range_ fromO to 1.0 and the color

di'%fEr eReRgEad; ﬁﬁé}l@ b 7 Gt egradx 7099ex HEEB K tih 23%e

ical range from-0. 57 tog 0.56 into color signals
R%éfgogan Ex7OBreBSe 709 SafdéFdi g RoveheS ebuat i on

%ﬁ%erical range from 0 to 1.0, and also sets each of the

color difference signals Cb'ex0s, CX'eyxi0e OF . the integra_l
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 alsoc converts the luminance signal Y'ex7o9
expressed in the numerical range from 0 to 1.0 and the
color difference signals Cb'ex—mg, Cr'ex70s expressed in the
pumerica; range from -0.57 to 0.56 into color signals
R'ex708, G'ex709, B'ex700 @according to the equation (8).

The inverse photoelectric transducer 72 converts
tlie' éolor signals R'ex00r G'ex709r B'ex700 supplied from the
luminance and color difference signal converter 71
accordimj to the photoelectric transducer ‘chafacteristics
of the present inventio'n. Specifically, the inverse
-.‘photoelectric transducer 72 converts the color signals

R'ex705r *G'ex709, Blex70s supplied from the luminance and
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The inverse photoelectric transducer 72 converts the
color signals R ex709r G ex709r B ex709 supplied from
the lum nance and col or difference signal converter
71 according to the photoel ectric transducer
characteristics of the present invention.
—Speci-fically, the inverse photoelectric transducer 72

converts the color signals R ex709r G ex709, B ex709
supplied fromthe | um nance and 49 col or difference
signal converter 71 into color signals Rex709,

Ge>&709, .g%x?OQ according to the faqll ow ng equation
(FoF I TSUFPrRes 9! ciBredisgndits LRER 780 oaesdizma L s
_E@;X?OQ o the_ pri marg gol or converter 73. Rsxxo _ ({
X108 Gexeggoferres FCEOTHIRGgO (ChextoRowingpaauptior (91,
Rax7tr [4-5 ---081 1 R.ex76 ¢ (c). 081; Rar =
T SRPPIEEs 88D CTI9F S LoRelgody R0 Gensty Gapes to the
Sreci fical H the i nver se phot oel ectric transducer 72
: Egrjf%irrﬁlscg éir'oﬁ%’%‘ée%?%h ‘s an inversion of the

p*oces perfor Qmay t he photoel ectric transducer 63
ofexr00h ER ing 48 RS 5 16003} see FPBEZR )y 0n the col or
sk.ghot B, R £8709, G ex709, &@5@%’%' pl igagyfrom the
I gim nangerand. ok edi ff.arence si converter 71,
tﬁ‘g?@eby?@gﬁ%ﬁ‘iﬁ% th)é{%gl or si gégézw R-&08b9,

G ex709, B' ex709 supplied from fhe’

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 signalé
R'ex709r Gl'ex700, B'ex70e supplied from the luminance and
Colbr difference signal converter 71, thereby converting
the color signals R'ey709, Gfawm, B'exi0e supplied from the
luminance and color difference signal converter 71 back
into the color signals Rexigs, Gex709+ Bunw prior to being
converted by the photoelectfic fransducer 63 of the wvideo
' camera 60;

The equation (9) is an equation for converting the
color signal R'.yiss into the color signal Rex709. The color
.signals G'ex709r B'exr09 are also converted respectively into
the color signals Gex0s, Bex70s according to the equation
(9) as with the color signal R'ex70s.

The color converter 73 converts the color signals
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| um nance and col or difference signal converter 71
back into the color signals Rex709, Gex709, Bex709
prior to being converted by the photoelectric
transducer 63 of the video canera 60. The equation

(9) is an equation for converting the color signa
—R-ex709 into the color signal Rex709. The color
signals G ex709, B ex709 are al so converted
respectively into the color signals Gex709, Bex709
according to the equation (9) as with the color

signal R ex709. The col or converter 73 converts the
dokepr Fgmat sBexBO REXTOIEd Escr0IheBex769se uplpd f al dfatoric
"the inverse_photoelectric transducer 72 into col or
HEFRARCREY [ 2Binte @lphiamhads Bre i e yoawidran dhe
t he di spl ay nmechanism 76, and supplies the color
AGFAY rRevOrst9f e dighley asichendisgnab, cord estmrlies
~74. Specifically, the primary col or converter 73

&y EPLE Tt AdIRBT Driisi ghrak sCRexPoFheGeR¥0Dr s Bmerl09
supplied fromthe inverse photoelectric transducer 72
iEGSEEPEr 74si gingicd TRea L1 B vEhey Rrbesed asid ortheopreiThey
ggtors of the display mechanism 76 according to the
/61 COWRGT8qERR i e oy FoPnalrt ReG® 652800, Ba4o8 fupplied
t 10t 7. Bex7u9 aiq = 0; 07955 0.36211 & 0,583

from the inverse photoelectric transducer 72 into color
signals Riy, Biys Giv based on the primary colors of the

display mechanism 76 according to the following equation

(10):

G | 0.0785 0.BB2Y  0.0883 {16, 00y
Bee ) L 0.0159 0.0877  0.8984 { Boypy )
‘ ' RIS :Y

i’gw 085715 0.23408 ©.0017 5’ Regros |

The color signal corrector 74 corrects those of the
color siénals Riyr Bivs Gev supplied from the‘primary color
converter 73 whigh cannot be displayed by the display
mechanism 76, and supplies the corrected coior signals to
the inherent y characteristics corrector 75. Spécifically,
~if the signal levels of the color signals R, BWTIGW
supplied from the primary color converter 73 are not
contained in the range of signals levelé of color signals
 which cannot be displayed by the display mechanism 76,
.then the color signal correctér 54 corrects the color

signals Ry, Bty, Gty into color signals having signal
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~Gaxr se 5tv 0,1159 1.0877 Q BBBg Oaxsas 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 display
mechani sm 76, and supplies the corrected col or signals
—t-0--the-inherent y characteristics corrector 75. :
Specifically, if the signal |evels of the color
signals Rtvr Btv, Gv supplied fromthe primary col or
converter 73 are not -contained in the range of
signals | evels of color signals -which cannot be
- diSHlsy ¥8i6h) FRB BFspPraplaedahy shry 6disnlveh neshasdser 76.
signal corrector 74 corrects _the color signals Riv, -
Btv, QYT M iI%r 1§ §hsl sohavi agonaghdice5Bd-ev@bs
whi ch .can_be di spl ayed by the display nechanism 76.
FOPPSApFR, the ¢xkOR ot bfnad GivarecRey, 7 Btare @k negative
"supplied to the color signal corrector 74 are of
eGPy e theR) YR, ceHh Tiedolcr TeFEpal 7 £ oremacs The
corrects the color signals Rv,. Bty, Gv into a
VRLQE ﬁﬁgﬁél§fRWheB§Pg%@r1m§@eﬁsv6%u?h%fd%1or signal s
" Rtv, Bty G v ,suppli,ed fromthe primry col or
conver tBr ¢ $0ed| dEVedpgRE| shanitp e S99 L6eRer, Brv,

' gLspl%¥ d ay t he qaspla mechani sm 76, then_the col or
|@ﬁ%1 i&ﬁ egfg@ & en%ﬁ mary color converter 73 are color
signals which cénnot be displayed by the display
- mechanism 76, then the color signal corrector 74 may
cbrrect the color signals Rey, Biv, Gev into color signals,
which have minimum color differences with the color
Signalé Reve Bivs Grv, wWithin a color range which can be
'displayed by the display mechanism‘76. Alternatively, the
color signal corrector 74 may correct the color signals
,R“* Bey, Gty into color signals that keeps luminaﬁce, but
has lower saturation.

The inherent y characteristics corrector 75
converts the color signals Rey, Gry, Bg,suppliéd from the
color signal corrector 74 into color signals R'ty, Gt
Bfm-for the display mechanism 76 in order to inherent
_ corfect ¥ characteristics in the display mechanism 76 of
the television receiver 70, anﬁ supplies the  color
signals Rﬂt;, G'ty, B'wy to the D/A converter 44.

The D/A converter 44 converts the digital color
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correct the color signals Rtv, Bty, Gv into color
signals, which have m ninmum col or differences with
the color signals Riv, Bty, Gv, within a color range
whi ch can be displayed by the display nechani sm 76.
Al ternatively, the color signal corrector 74 may
correct the color signals Rv, Btv, &Gv into color

signals that keeps |um nance, but has |ower
saturation. . The inherent y characteristics corrector
75 converts the color signals Rv, Gv, Bty supplied
fromthe_ color, signal corrector 74 into color signals
ﬂ@{P & B Bty foret FePRIHsI dfF e dhgnitsherent v

L h t h t t th
%a%raci%%%ﬁiﬁgé‘ﬁ?%e@%ort%% frafoé%%@e%hspéiér'v%-gw%ls

' supplies,the-c nals Rt Gtv, B .
?’ﬁ DR wbnbert oft %48111?33 ke mndtod CEALO&'OIWQF’F%S R tvr
digita nals Rtv, Gtv, B tv '
S&J;efb‘l |%d“’f onjfortl dls @ryeﬁ'F ;lb‘an&ﬁlgr Ateristics
correct e7éi 0 anal 0 coI gr SI aI s Rityv

B tv, and suppt ae% g, §f“o 606P u@?@n%l%R%'ct]?/tt\ﬁe like,
ijt gﬁ? éi%ol %2 T s%aaé%[l[e q:?f‘?eclo g@ gggﬂ%iﬁlgpﬂvayg £y
?J %F%%lﬁmm 8BS BVt s e et
mechanism 76 according to the present invention is
arianged to express, i.e., displéy, colors in a wider
color range than the display mechanism 45 shown in FIG. 3.
| An image display process performed by the
teievision receiver 70 shown in FIG. 14 will be described
bélow 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'ex709 and color difference signals Cb'egros, CI'ex70s
ﬁhich are produced from the decoded data, to the
luminance and color difference signal converter 71. Then,
control goes to step S22.

In step S22, the luminancé and color difference
signal converter 71 converts the luminance signal Y'exos

and the colorrdifference signals Cb'ex70s, Cr'ex700 Supplied
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mechani sm 76 according to the present invention is
arranged to express, i.e., display, colors in a w der
col or range than the display nechani sm 45 shown in
FIG 3. An image display process performed by the

tel evision receiver 70 shown in FIG 14 will be
-described below wth reference to FI'G 15. In step

S21 shown in FIG 15, the inage signal input unit 41
acquires an i mage signal. The inmage signal input unit
41 al so decodes the supplied encoded data - accordi ng
to MPEG for exanple, and supplies a |lum nance signa
Y5y (g eapags| o gurt fimritc anditg4dl éntd’ ex¥en,signals
G,/ ex709  which are produced fromthe decoded data, to
thex70purff memave Blreroe cd o rgiinbe tonthes pgnatiemnifort @nd
71. Then, _control goes to step S22. In step 522, the
1A S Se FBRICR WP Br SHIRFIE &lewos siGpados c dhvent 0 The
converts the |unminance signal Y ex709 . and the col or
dirfrEEsEnEROEP MRSt b tsarslucer @709 hRippldoadrsd geom
t he i mage _signal input unit 41 into color signals

RO #F68, S&ex709, B ex709 according to the equation
(8), and supplies the color signals R ex709, G,, 709,
B' ex709' %} ¢4 523ny éhge IpFRY SR | R toel aGtarisd isapsdycer

;gen, control. goes to step 523.
converts the color signals R'ex709, G'ex70a, B'ex7n

supplied from the luminance and color difference signal
converter 71 into color signals Rey70s, Gex70s,  Bex7oe
according to the equation (9), and supplies the color
signals Rex709, Gumw,_Badw to the primary color converter
73. Then, control goes to step S24.
in step 324} the primary color converter 73

convertsrthe color signals'Ranw, Gex709, Bex709 supplied
from the inverse photoelectric transducer 72 into color
signals Rty, Gy, Btv based on the primary colors of the
display mechanism 76, and supplies the color signals Ry,
Gevy Bw £o the color signal corrector 74. Then, control
goes to 'step S525.

| -In étep S25, the color signal corrector 74 corrects
those of the color signals Riy, Gtv, Btv, 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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In step 523, the inverse photoelectric transducer 72
converts the color signals R ex709r G ex709r B ex709
supplied fromthe | um nance and col or difference
signal converter 71 into color signals Rex709r
Gex709r Bex709 according to the equation (9), and
—-suppli-es -the color sighals Rex709, Gex709r Bex709 to

the primary col or converter 73. Then, control goes

to. step 524. In step 524, the primary col or converter
73 converts the color signals Rex709r Gex709r Bex709
supplied fromthe inverse photoelectric transducer 72
ihersitory aitgraterRYr @hen Btopnfasédgonstbe Prepetds.
colors of the display nmechanism 76, and supplies the
col or sitfnéfFeP R36,r the inheRentt 0 rtherector &% gnaiverts
cqorrector 74. Then, control goes to step 525. In step

> GHETcSLEPatF ghrat Eorr Bet Gurpdiedr feen sthe hoskonf

t he cql or signals Rtv, Gv, Bt,;, supplied fromthe
ﬁjﬂ?@ﬁy COSESFLebnieritEe EPiith @idarfoR e & spl Byed
b

y the display nechanism'76, into displayable color
SGRASdng SAdtRuppI Fear apiee i sl ey dimherentoinstiymal s
E91FQ9 94 inherent y corrector 75. Then, control goes
6 SUEF 1826 VS & 528 (WPRLAREr BRe 90 kUt reicing©l 575
qurgr 'gi,,t I'he‘ ts oil.oorthseJ %r}%\l %olr?ltv\é’rtgr' 44 B ! \‘é'hself;?plcloggrg_{om
goes to step 827. |

In step 527, the D/A.cqnverter 44 converts the
digital color signals R‘un:G'U” B'w, supplied from the
inherent vy corrector 75 into analog color signals Ry,
- G'tv, B'ty, and supplies the analog color signals R'yy, G vr
.B'tv to the displéy mechanism 76. Then, control goes to
step.S28.

In step S$28, the display mechanism 76 aisplays an
‘image based on the color signals R'Q, G'tv, B'tv supplied
from the D/A converter'44; Thereafter, control goes back
to step 521 to repeat the image displaying process.

Flaws of signals until an image céptured 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 aé

conversion processes on the signals.

Processes 81 through 83 are performed by the video
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signal corrector 74 into color signals Rtv, Gtyv,
B't., according to the y characteristics inherent in
the television receiver 70, and supplies the col or
signals Rtv, Gtv, Btv to the D' A converter 44.
Then, control goes to step 527. In step 527, the DA
-~-converter 44 converts -the digital color signals R tv,

Gtv, Btv supplied fromthe inherent y corrector 75
into anal og color signals Rtv, Gtv, Btv, and
supplies the analog color signals Rtv, Gtv, B'tv to

R SRR i 0 U e A SRS R fred S
|gﬁgeté)%§a%igg Egge%?l ar 58l gnals Rtv, Gtv, Btv
the“DI'R

supplie rom converter 44. Thereafter,

Gontr o posgabecksed 08195 304 YRLLEPERLG A TR, o1 o

~di spl ayl ng proces ows -of S|

GO WS Yahlta ¥DOTR SAIPLA Ky LhePhNelalY LIS 23

di spl ay nmechani sm be "descr i W

T
V‘éﬁ@ glﬂpgrigﬁcgst goﬂag‘ s%gnaslsﬂ(;hgﬁaré OWSBi nbglsg&l g‘r? the

represént processes such’a 'Ver'§f on processes on
e abies B oecenEs.led Nl 1S4t R PUPERY
al£) R HBENBdifYry color converter 62, which converts the
color signals Rex, Gex, Bex into color signals Rexros, Gex7os,
Bex709 based on the primary colors under BT.709 (the
process 81).

Thereafter, the co-lor signals Rex709, Gex7os, Bexjos are
converlted.by the photoelectric transducer 673 into color
signals R'cx700, G'ex709, B'exm_g according to the |
photoelectric transducer characteristics of the preéent
invention (the process 82). The color signals R'ex70s,
G'ex709, B'ex709 are converted b_y.the color signal converter
64 into a luminance signal Y'ex709 and color difference
signals Cb'ex709, CI'ex700 according to the present invention
{the process 83). The luminance signal Y'eyx70s and the
."co.lor difference signals Cb'ex’,'og;, Crfexqog are encoded by’
the encoder 28 into encoded dafa, which are recorded by
the recorder 30 or transxﬁitted 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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the television receiver 70. An inmage captured by the
i mage capturing unit 61 of the video canera 60 is
converted by the A/D converter 23 and supplied as
color signals Rex, Gex, Bex based on the primary
colors of the image capturing unit 61 (see FIG 12)
—t-o-the-primary color converter 62, which converts the
col or signals Rex, Gex, Bex into color signals Rex709,
Gex709, Bex709 based on the primary col ors under
BT. 709 (the process 81). Thereafter, the color
sjgnal s Rex709, Gex709, Bex709 are converted by the
PANSEL SLEPEE ahsdireePRB3CP b Hdlfnrensiegsipsals
ex709, G ex709, B ex709 according to the )
g'}bteﬁé?'ecq’? 708 raff S Gder ERafhet RFestresinfention. The
E{esent inyention (the process 82). The col or signals
WRAGHCE ELERF09!  BoexFe9 e e ciddepgncreséghals
si.gnal converter 64 into a |lum nance signal Y ex709
€81 01~ TdieF P fdifc EOTYPERER Pt ek 79mningncs aggl color

a ding to,the present invention (the process 83)
fﬁg%lreﬁﬁflﬁﬁné%g%?lgn%ﬂm@%%g lad@tehecles| dt9r¥5 & ‘eroe
éggnalsfgb'exégg, Cr ' ex709 are encoded by the encoder -
Yhtro FeREBUSE SFE 8° WhF cRRar e testidride d tesdurer
recorder 30 or transnjtted through the network 12. In
CREPEFRLT SN e 9762 £he Breseet et pitihed

fromthe ¥;de% caner.a ?9 are decoded into a
process 91}, pecitically, the luminance signal Y'ex7os

and the color difference signals Cb'ex7gs, CT'exj00 are .
convérted back into the color signals R'exioa, G'ex7os,
B'ex700 generated by the photoelectric transducef 63 of the
video camera 63.

Thereafter, the color signals R'ex700, G'ex709r B'ex709
afe converted by the inverse photoelectric transducer 72
intq color signals Rexios; Gex7os, Bex70s .based_bn the primary
colors of BT.709, whigh are generated by the primary
cblor converter 63 of the video camera 60 (the process
92).

The color signals Rexios, Gex70-9r Bex70s @re then
‘ .c;onverted by the primary color converter 73 into color
signals Riv, Gtvs Bty based on the ;primary colors of the
‘dis_play mechanism 76 (see FIG. 14) (the process 93).

- The color signals Riy, Gy, By are converted by the

inhereiﬂlt v corrector 75 into color signals R'tv, G'tv, Bty
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—converter 71 into color sighals R ex709, } G ex709,

56 | um nance signal Y ex709 and col or difference
signals Cb'ex709, Cr'ex709 according to the present

i nvention. The |um nance signal Y ex709 and the col or
difference signals Cb' ex7ogr Cr'ex709 are converted
by the | um nance and color difference signa

B' ex709 based on the photoel ectric transducer
characteristics according to the present invention
(the process 91). Specifically, the [um nance signa
Y' ex709 and the color difference signals Cb' ex709r
Gcmrdifgarte thenverhedabaekisnt os ththadnar isi gnal s
R ex709r G ex709, ' B ex709 generated by the
predtedisdonr recei uasdii@ eftlss rofodass 9di)decircdmega 63,

- Thereafter; the color signals R ex709r G ex709f
Bligwieyedabasegnoer the dylaheiignedss& 'photdel,edt' ti by

transducer 72 into color signals Rex709r Gex709r
Bde7 09 spag¥dmeahanespriemry col ors of BT. 709, which
are generated by the primary color converter 63 of
t he vi R® dedmridsh ghove, pEbeevsdeg2yamditre &okod the

signal s Rex709, Gex709r Bex709 are then converted by
ttfe SHREAARyreBfbyeE oflV erarerepFoidice colors i gnalisie
Rt," Gvr Bt" based on the primary colors of the

color range .that cannot be expressed according to BT.709
based on effective 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 the 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 televiéion

receiver according to BT.709%, then an image can be

-displayed by the television receiver in the color rangé

according to BT.709.
In the video camera 60, each of the primary color
converter 62 and the color .signal converter 64 can be

implemented by a circuit for calculating a 3 x 3 matrix,
and the photoelectric transducer 63 can be implemented by

a one—dimensional LUT (Look Up Table). All of the primary
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di spl ay nmechanism 76 (see FIG 14) (the process 93).
The color signals Rt," Gr;, Btu, are converted by the
i nherent y corrector 75 into color signals Rtv, Gtyv,
B'tv 57 according to the y characteristics inherent
in the television receiver 70 (the process 94). An

—+mage-i s displayed based on the color signals R tv,
Gtv, Btv by the display nechanism 76. As descri bed
- above, the video canera 60 and the television
receiver 70 can reproduce colors in a wide color
range that cannot be expressed according to BT. 709
b

GRNEEFERY i Ve ddifemhedioetgrtiesc (sraprdugatndes) ast
the color difference signals Cb, C which are expanded
ftr.f“&mqoﬂr8§esm%sc%@§rtcﬁrn ¢4 62BT2¥99. PThgn prandece by
signal Y of the image captured by the video canera 60
as%%ﬁe€69ﬁw?%ﬁﬁﬁyﬁﬁt T8T. 709, and the col or
di fferepce signals Cb, C are also in conpliance wth
BT. 709 W tHS 3-9388%5%8 t ReceavRe ttomach. st he. 5.

herefore, when the | um nance signal Y and col or .

PPEBPBACeRT diiHicr &ditererre piovessewpisrter 71 and
% | evi sion r%%fiver accord%ng to BT.709; then an
FHEgBTERRT HeO WS SPRYEGTHY Y ReCtRI k% iemeadsidv &Y fn
the color range _according to BT.7009.

circult for calculating a x 3 matrix, and each of the
_inverse photoelectric transducer 72 and the inherent ¥
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.convertér 73, and the inherent v
corrector 75 can dlso 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.709 in point symmetry with respect to the
origin. However, the range of negative values of the
photoelectric transducer characteristics according to 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 Qrigin.‘
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In the video canera 60, each of the primary col or
converter 62 and the color signal converter 64 can be
i mpl enmented by a circuit for calculating a 3 x 3
matri x, and the photoelectric transducer 63 can be

i npl enmented by a one-dinensional LUT (Look Up Table).
—Al-l-of --the primary 58 color converter 62; the
phot oel ectric transducer 63, and the color signa
converter 64 can also be inplenented by a

t hree-di nensional LUT. In the television receiver 70,

?%ﬁ%-Of %He | umi napce and col or difference si gnal .
EFt eF 915 ARG Q e“-‘?ﬁ"‘}r‘gﬂﬁy VedEF ebniet tRotesleghric
i_npl ted b . Ci, it f cal cul ati 3 3

DS e DY L SR UL AL D 8.5
,Lransﬁgcer 72 and the inherent y corrector 75 can be
RIS RE e8P ByPR TS HARTS oG] 2LERISL WG HndHET the
Lyum d I di ff [ l . 71,
PR O G EE T ot SMT G CTEPRREARLaE19D, ACHE RS iy y
r 73, d.the inh t t 75
%%bgﬁ g??%géifr$%ﬁnﬁ§%§? e inherent y corrector

can al so np a three- dinensional LUT.

In the rqi%ptrenb% igﬁgt .%he r e of negative . .
val ues 0 e BRSE6L SRPP I e ansdiic & SSRRFad PEFPET PR st s
25805 dhNG, L4 LG AISEML £ BYCIbEON A RV! B B8 A
invention 1s also applicable to. an expansion of other
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):

- r’aﬁcﬁﬁi'- ?’ §.2990 0, 5810 0. 1140 {R*ﬁ'@m.

O g |= ~0.1687 -0.8313  0:5000 | & 4000
. .Gf ol /1 &m -G, 4187 ""G._ 6313 } . ﬁ axg0i 2
) = s« LE 1)

Similar expansions may be applicable to other
‘standards wherein a color difference signal in a certain
numerical range is assigned to én 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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expansi on of the photoelectric transducer _
characteristics according to BT.709 in point symetry
with respect to the origin. However, the range of
negative val ues of the photoelectric transducer
characteristics according to the present invention
—may-not--be provided as an expansion-of - the :
phot oel ectric transducer characteristics according to
BT. 709" in point symmetry with respect to the origin.
59 Rat her, the range of negative val ues of the
- photoel ectric transducer characteristics according to
t PreChile deiidwairgy et Fehtayebe an expansion in a
‘negative range of the photoelectric transducer
char act éfi §Rf cBragedrthhradiencrir Berigenedfhy software,
exanple. In the present enbodi ment, the present
i htd G fityargpprresar ol aderpsesiesn fapnps, yegording
However, .the present invention is also applicable to
TP ASTEEn 20FOBPRERY oF airfbireidede hgrdwpTepon . a
Accordi.ng to an expansi on of BT.601, however,
RS 58S PYSRAS P nPERECRR § netiBifre A0 §hoprot R SEES: drle
different fromthe matrixes according to the
FEnCaBRPL R0 priedefe Ik Viaird R USFSEnERHPPDT dagese on
signal converting process that is perforned by the
am§i§H§Fai%ﬁ9eF?%¥e%Mrshomn in FIG 12 enpl oys

the follo 'Qg e%yation 911) i nstead_of the_ equation
(7): ‘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 incorporated in‘the
recorder 109, which is provided to the ﬁser’as being
incorporated in the personal computer 100.

The personal computer.ldo has a CPU 101 for
contrblling 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 exécutes a program stored in a ROM (Read Only
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"e 0.:2990 0.587 OL 4QtR e& 'sxsut 0.188? -t9.33t
{x.5000. O a601 Ot'~,sei 4.5 -014187 -0.0813 J 8' 0401
Sim | ar expansions may be applicable to other
standards wherein a color difference signal in a
certain nunerical range is assigned to an integra

—value-i-n-an -integral range which is snmaller than an
integral range that can be expressed by a plurality
of bits. The above processi ng sequence may be

performed by 60 ei ther hardware or software. If the

Eéarfesﬁeri%zse AR SadERor £ 30+ s g Progran
B o PR L AL RN S o
V(*Ql pdd b RREST SR THGAN Aoke 0wk THEFI G 17,
t%%;c%% 7R AT A T D50

OB he vk s BB, 0l IR
Rﬁ%%.%.s RRUBSYE SuP ol At A1 TELUSL B SO
'%%é’%p@b§gﬁ?uégcgé% Jg#g?%ehobgrgﬁédgkéég%fgﬁﬂéf thg'
program to an output unit 107 having a display and a
speaker. The CPU 101 acdﬁires data form the input unit
106 which alsoc has a tune;, a camera, Or a microphone.
‘The CPU 101 also controls a communication unit 108 to
communicafe with an external circuit and exchanges 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 limitéd
any communication processes. For example, the
_ communication unit 108 may opérate based on a wireless
LAN (Local Area Network) according to any of various
procésses such as the IEEE (The Institute of Electrical
and Electronic Engineers, Inc.) 802.1la or 802.1b or
Bluetooth for wireless communications. The communication

unit 108 may also operate according to any of various

processes such as FEthernet (registered trademark), USB,
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separately fromthe personal conputer 100, or a ROM
102 storing the program or a hard di sk incorporated
in the recorder 109, which is provided to the user as
being incorporated in the personal computer 100. The
personal conputer 100 has a CPU 101 for controlling
—overall operation of the personal conputer 100. When
the CPU 101 is supplied with an instruction fromthe
user through an input unit 106 having a keyboard and
a nouse via a bus 104 and input/output interface 105,
the CPU 101 executes a programstored in a ROM (Read
G VIR IEto Py Yoped AFrErHyt Fatelgns t he CPU 101 | oads
a program which is read fromthe magnetic disk 111,
the opt FE&I Pregeat for pexdoragmet shepebes REQSEsFERdor
the sem conductor nmenmory 114 which is connected to a
FRIHETIOE] 525N e} hREoR] ER iMihEhe CoFBEEe100hrowly %
RAM ndom Access Menor 103, and executes the
|°Haﬁf%£_ OBr B EnTS Thet™ Py SFIE Fu TIRASTd S6h obt 2 nkFdly
t he execution of the rogramto an output_unit 107
r?diﬁanéleﬁw{iffgpl EgeaW%‘pn%tbeai‘kéi'l.glﬁ?é epteibitacquires
ata formthe input unit 106 which also has a tuner,
LORACPRLIEE BT e cpitforfd iInfifF IS8 $9ERaRE P Cith s 2
a connunicg i 0 .Enit. 08 to comrunicate with an

g Butt

&alrel and- e XFTES Ydat a

In the present specification, the steps that are
‘descriptive of the program stored in the recording medium
in¢lude not only processing details thaf are carried out
chronoloéically in the order of the steps, but also
processing details that are carried out parallel or

individually, rather than chronologically.
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with the external circuit. The comrunication unit 108
may performw reless or wred conmunications or both
wirel ess and wired conmrunications. The comruni cation
unit 108 is not limted any conmunication processes.
For exanple, the communication unit 108 nmay operate
—based-on a wreless LAN (Local Area Network) :

according to any of various processes such as the
| EEE (The Institute of Electrical and Electronic
Engi neers, Inc.) 802.11a or 802.1b or Bluetooth for
"W rel ess comunications. The comunication wunit 108
may al so operate accordi #g2AE¥Sany of various
processes such as_Ethernet (registered tradenark),
USB, 62 -or&| EERI394pforesd el sppmrahilsafoonsrodms ing
program for perform ng the above processing sequence -
PRy Cbesigials |y imtuthidngoaplteinaiee uglural windedobor
wi rel ess communi cation nedi um such as a local area -
Réfwerrnce el andtlermaomprigiigotal satel lite
broadcasting mediumvia an interface such as a router,
a nodémpPrapatie cPilRe, cPhiveritiaysamit Ifort henpeesibrg
specification, the steps that are descriptive of the
PrE§F aft Storddnad & Heviagoptingryeehan Hodeitgddnnat
only processing details that are carried out
.w1der 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 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 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;
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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chronologically in the order of the steps, but also
processing details that are carried out parallel or

i ndi vidually, rather than chronol ogically. 63 CLAI M
1. A signal processing apparatus for processing col or
signals and outputting a | um nance signal and col or
di fference signals, conprising: a prinmary color

converting unit for converting first color signals
having primary color points in a wder color range
than primary color points according to a

predet erm ned standard by which color difference
Fignalls Ipaeraed By rsridpedoirc signahgecaverabsi gned t o
an integral value in a first integral range which is
SRl ar lunhanties $iimegr @iccoadgaawhp chiatdrpbedetermissdd
by a plurality of bits, into second color signals
shsedasd, PR nERyredling thecopdphngdibferenice signals
predeterm ned standard; a characteristics converting
FRRETRBEA convertd mplogaisd 9vadoranterbingi ymkl siitet eolor
third color signals according to photoelectric o
fransaares ehanald én st isesondeninedi¢al arangrerdapdlaining
range which is greater than a_nunerical range of
EB1L8r TaTyharEneioiGeds pendeng Sedd acol e diaficer aviagn siigands
col or difference sighals according

being assigned to an integral value in the second
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 outputting 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
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to said predeterm ned standard; a color signa
converting unit for converting said third color
signals into a | um nance signal and color difference
signals; and a correcting unit for correcting the

| um nance 64 signal generated by said col or signa
—~converting unit into a lum nance signal according to-
said predeterm ned standard, and correcting the col or
di fference signals generated by said color signa
converting unit into color difference signals in a

| ﬁﬁ%#?%aﬁg'ngg r§§F 5%%?%% Lﬁ'?t'f%}g#aeffs’?éyswbhif‘scob%ﬁng
%éé An a % ral. n the seco ond
nunerlca r SRGE Wi oA AR %e %&%ﬁé§§§ﬁ18§ shfgee are
Rt ttoogn?' 2. sofal iard s HiBRe: suPeefel ?rraaﬁgues
R&ﬁﬂﬁpqﬁﬁ nm&ﬁ@&agﬂgﬂ'gt'c %5%?' % SBP%BiggnEtrybe

respect tO an origin.
o ng%tys%?o 3 %@%?%ltr%g%fﬁ'nﬂtls sﬁ‘“ oCRAPARY er e cs
Gameent ;T%rgsgg' bn ﬂréﬂ; % q(loorso ac¥o8ng 00VEL4 N
predetermined standard;

converting said 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 prédeﬁermined 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 standérd,
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 éssigned to an integral value in

the second numerical range which can be expressed by said
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table. 4. A signal processing nethod performed by a
si gnal processing apparatus for processing color
signals and outputting a |lum nance signal and col or
difference signals, conprising the steps of:
converting first color signals having primary col or
—poi-nts-i-n-a w der- -col or range than primry color

poi nts 65 according to a predetern ned standard by

whi ch color difference signals having a first

nunmeri cal range are assigned to an integral value in
a first integral range which is smaller than an
iPtwEldityr 8figkitBi ch can be expressed by a plurality
of bits, into second color signals based on primary
col ors Accdr HLRGTED £ardenghlbired &t monritsrahdapgrform a
converting said second color signals into third color
sTignals PACEBFEIAG REP UL deite BOCessiagseekar signals
characteristics defined in a nunerical range which is
FrchoatrpRbing avkErinagics aigaads asgl eplet ghibfference
corresponding to a |um nance signal and color
cﬂ’fgf”éllé‘mcéalgi Fhanal REBIESAG BrogRas predatigrifichadie
standard; converting said third color signals into a
1ShfPfaRée signal and col or difference signals; and

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 rangé are
assigned to an integral value in a first integral range
which is smaller than an integrél range which can be
expressed by a plurality of bits, into second color
signals bésed on primary colors.according to said
predetermined standard;

converting said second color signals into third
qolor 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
'éignals-acco;ding to said predetermined standard;

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

correcting the luminance signal generated by said
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correcting the |lum nance signal generated by said step
of converting said third color signals, into a

| um nance signal according to said predeterm ned
standard, and correcting the color difference signals
generated by said step of converting said third col or
--si-gnals, -into- color ‘difference signals in a second

- nunerical range containing said first nunerical

range, said color difference signals being assigned
to an integral value in the second nunerical range
whi ch can be expressed béhsaid 66 plurality of bits.

55t HloGPRNEE b EnEBLAngh ¢ sitdoreFLoB2p6r f dRE®
sjgnal processing process for processing color signals
TERGGt SEAYRA PEFPREhBE 5P ghald apdedetrerningd ertamcard,
sigpal s, said signal rocessi ng process conprising the
ABHL B e EoRT ok RPnGoFPF I deiBrCs: Ghara LRauPhgrated by
pr%ggr colgr oints in a wder color range than
gt I%EEOP rc%‘gV‘ﬁfEln%c%E&rddi%rfiocalﬁFeaé%?Hnédlto
stﬁpdardﬁg¥ which color difference signals having a
fIYEE AAAEFTEArS r&hgRA LS o ZsSPGARRE PBMERIFA chnde
val ye.in a fir%t jntegral range which is smaller than
SPTRCEYPEl SPHh g TRt CHOEHT CBd TRgPess@édhgoter
. ity of.bit i nt o secqnd col or
%ﬂ%f%renXe 51gnaf§ befng asgggneg to an integral value in
the second numerical range which can be expressed 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
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 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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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 in a
nunerical range which is greater than a nunerica
—range--of -col or-signals corresponding to a |lumnance
signal and color difference signals according to said
predet erm ned standard; converting said third col or
signals into a |um nance signal and color difference
siggals;,an correcting the | um_nance signa

gk

ot TPHBY Ss FFECEFRY el thtsriaativdg SaRBSERFESH

color signals, intg,a |um nance signal according to
s%??F?ﬁ%ék&%&FﬁFngaf§?%ﬂd%ﬁcE nupeF 16 dergfigihet dol or
differen

signal s generated by said step of
AN o PARRREF HCRb) TGS Ghalcelornedanads or
difference,signals jn a second nunerical range,
COM T HPGLST G 7 r SYIRARGS SHignadngsd §aiar c@ifference
di fference signals, being assigned to an integral value
SLO%ARF SECERARENE? | 0 CRATdRedantardedi caskd
by said lurality aof bits. 6._ A signal_ processing
apparatﬁggY%?tBF%éﬁﬁgiEblﬁd FORPhaftE et Hridita’d col or

i.ff.erence signals and .
QMmlnance 31ggaf ané‘color difference signals;

wherein sald 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, 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:

a lumipance and color difference signal converting
unit for converting said luminance signal according to
said predetermined standard and said color difference
signals in said second numerical range intp said third
color signals; |

a characteristic converting unit for converting
said third color signals into said second color signals
according to said photoelectric transducer

characteristics;
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out putting color signals, wherein said |umnance
signal and said color difference signals conprise a
| um nance signal and color difference signals
obt ai ned by: converting first color signals having
primary color points in a wder color range than
—pri-mary—col-or--poi-nts--according to-a predeternined

standard by which color difference signals having a

first nunerical range are assigned to an integra

value in a first integral range which is smaller than

an integral range which can be expressed by a .

pl ur al i ByPBIRAFY Colight gosweshdngonpit Sy meinyepidag said

primary colors according to said predeternined

sst%ﬁﬂﬂ’éj: Folegniéenihy Wi sedchdd re6l 6plar gikgmalisit gnd

third 68 color signals according to photoelectric

t r ansdu eFOrEHAr A &ritdt fes gerrAeing spisufdeistalcolor

raQ&%_thch is. greater than a nunerical range of

OIS dREPsSigertesidbiuinvgeard call spnaandsi &t givgt kend

color difference signals according to said -
FIOEEM REd2 sSELFRISHH eshi@rdsAy EPEi AgsrRIa Wi nhiany image.

color signals into a |umnance signal and col or

di f f er ehte T&€gAAFRAL PEQ €S $5 103 FHAGHREACBCSPERHRY to

C npriges ﬁ | um nance _signal according to said

EdBt 8r nT'HBEC1R diftidt Pr@tdedgcgric transducer

_.characteristics are in point symmetry with reSpeét 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
comprise a single look up table.
9. A signal processing method performéed by a
-signal processing apparatus for processing a luminance
signal and color difference signals'and outputting color
signals, wherein said luminance signal and éaid colorx
difference signals comprise a luminance signal and color
difference signals obtained by:
| ' 7 ‘ -converting first color signals having primary color
points in a wider coibr range than priméry colér poinfs
according to a predetermined standa?d by which color

difference signals having a first numerical range are
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color difference signals conprise color difference
signals in a second nunerical range containing said
first nunerical range, said color difference signals
being assigned to an integral value in the second
numerical range which can be expressed by said
—plural ity of bits; wherein said signhal processing

apparatus conprises: a lum nance - and col or difference
signal converting wunit for converting said |um nance
signal according to said predeterm ned standard and
said color difference signals in said second
ndfetIed trapgeinheerahi wiud o acfiostsighedsal aange
characteristic converting unit for converting said
tWrt e dt sedlgrabBan mp SHiswredc satgeorbi clyi garale
according to said photoelectric transducer _
c?ﬁ&?%%%i byi asPlenahipy iafabyitéel drteoneernd nepiat t
- for canverting said second color signals into said
ftErelsobared gRaPEimaRy a9 lodsr eceprgingi ko forid
correcting said first color signals into signals in a
teapipgdgetapderican be displayed by a display
mechani sm for displaying an imge. 7. The signal
“pr ocessFRYSpdtatifs dace6Pangetor T Hiahs infhetbind

saidrphotoeiectric t ransducer ]
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 éccording to said predetermined étandard; 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, said color difference signalé 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
sfeps of: |
cbnverting said luminance signal accoraing to. said

predetermined standard and said color difference signals
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characteristics are in point symmetry with respect to
an origin. 8. The signal processing apparatus
according to claim®6, wherein all of said | um nance
and color difference signal converting unit, said
characteristics converting unit, and said primry

--col or--converting unit - conprise a single |look up-
table. 9. A signal processing nethod perfornmed by a
.signal processing apparatus for processing a | um nance
signal and color difference signals and outputting
color , signals, wherein said |um nance_signal and said
cdt GALIPRFRPE By it LadgRpinte i dnsihait ediognal
and cglqr di fference signals obtained by: converting
98861 or signals having primary color points in a
wi der col or range thgnﬁgtinary col or paoints according
a

to a pr%ﬁﬂﬁ?ﬁ%ﬁ edas 4FQ Byl Uhicimédror ntai fréfence
RSP RO LHF ot S5 AT PRSEO | 1 B Ao g Lraf ch
IS snglle£ than an i.nte %ql range which can be
&FFPESEETT byP AL At . 6f bits, into second col or
signal s_based.on primary colors accqording to said,
predeté?ﬁ?ﬁ%%lggaﬁaéag§¥cond color signals into said

- first color signals; and

correcting said fifst color signals inte signals in
- a numerical range which can be displayed by é 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 colox
signals, wherein said luminance signal a#d said color
difference signals comprise a luminance signél and color
difference signals'obtained by:

cdnverting first color signals having primary color
points in a wider coior fange than primary color points
according to a predetermined standard by which color
difference signals having a first numerical range are -
asgigned to an integral value in a first integral range
which is smaller than én 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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converting said second color signals into third color
signal s according to photoelectric transducer
characteristics defined in a nunerical range which is
greater than a nunerical range of color signals
corresponding to a | um nance signal and col or
~di-fference - signal s according to said predetermned -
standard; and converting said thirdcolor signals into
a lum nance signal and col or difference signals;
-wherein said | um nance signal conprises a |um nance
signal according to said predeterm ned standard and
:ﬁﬁqyet@émépeéiﬁg@@@ﬁ6€ si gnal s conprise col or
difference signals in a second nunerical range ‘
cont ai nFAY7REFHRS iSede sraABAi eal o anknalsaiiateokbird -
dif.ference signals bein assigned to an integra
VRLGE PRIPRESsRESRA PRIOtorARGET i erpesinase
expressed by said plurality of bits; wherein said.
ﬁh@ﬁé‘FtﬁFéééégﬁ nSe netabd e Gnpiipgad cpherange phigh: is
converting said | um nance signal according to said
FrEGELEr hPABI® ST G lak@ 198 @Lc6PbPT of ¥darlénce
signals 71 in said second nunerical range into said -
CRFFESEBP 8 g sty il \WIEGRGEr FiAgadarre 13 ddfderence

si.gnals into said , .
sigmadis according to said predetermined standard; and

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

wherein said luminance signal comprises a luminance
sigﬁal according to said predeterminéd 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 bité;

| wherein said Signal‘ﬁrocessing process comprises

the steps of: |

converting said luminance signal according to said
- predetermined standard and said color difference signals
in said second numerical range into said third color -
signals;

converting said third color signals into said

second color signals according to said photoelectric
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second col or signals according to said photoelectric
transducer characteristics; converting said second
color signals into said first color signals; and
correcting said first color signals into signals in a
numeri cal range which can be displayed by a display
—mechani-sm for displaying an imge. 10. A programfor
enabling a computer to performa signal processing
process for processing a |lum nance signal and col or

di fference signals and outputting color signals,
wherein said | um nance signal and said col or

di ffreachires shghatserbsipidsse a | unmi nance signal and
color difference signals obtained by: converting
first cobovesiigmnlsidaviengngr cotoy <igneds pokntsaid a
wi der col or range than primary color points according
thizstpredereshymebs standlar d by which color difference
signals having a first numerical range are assigned
to an iAeegpflingalsgddi Aiasticslor migmedls dahgesigwhlh in
is smaller than an integral range which can be

ex pYeeségabyrangs wkildh yraof bbi dssplayed decendicploy
S|gna1s based on primary col ors according to said 72

Wi fed dismdridig an image.
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converting said second color signals into third color
signal s according to photoelectric transducer
characteristics defined in a nunerical range which is
greater than a nunerical range of color signals
.corresponding to a |lum nance signal and col or
—di-fference- signals according to said predetermned
standard; and converting said third color signals into
a lum nance signal and col or difference signals;
wherein said | um nance. signal conprises a |um nance
signal according to said predeterm ned standard and
said color difference §¥§ﬁ§¥§ﬂbonprise col or
difference, signals in a second nunerjcal range )
cont ai nFhgl ST Fiest ohufBei BaRSeRhgaveasignc spoprovide
difference sjgnals being assigned to an integra

VIR ISnWhRe seEliTY GRAAHS d&l 2 FAAGE Ph i dhan
expressed, by said plurality of bits; wherein said

RIGHET PR ABEL oF TP Pt STISRDFRBERS RAREIRLEY of :
converting said | um nance_signal according to said
FPEGEEEPR ABTPE it dd SYrl Paedeternined f%@@créis- A

si%naIS' in said seeond nunerical range into said

PHHPE ¥ 0P 0T STYNAE-STe Sriv EPPIVREL S af +E TthiGd Folsdenals
i%nals i nto sai secqnd cql or signals according to

}gi&nghgfﬁ%¢%%tqq r points in a wider color range than

the primary.color points 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
photoelectfié transducer characteristics defined in a
ﬁumerical range wider than a range from 0 to 1.0 of color
signals cor;esponding to a luminance signal and colof

. difference signals according to BT.709. A color signal

- converter 64 converts the third color sigﬁals into a
luminance signal and color difference signals. A

- corrector 64A incorporated in the color signal converter
cdrreéts the color differeﬁcé signals into color
difference signals in a range from -0.57 to 0.56
containing a 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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73 transducer characteristics; converting said second
color signals into said first color signals; and
correcting said first color signals into signals in a
nuneri cal range which can be displayed by a display
mechani sm for displaying an i mage. 74 ABSTRACT It

IS
-—-an-object of -the present invention to provide signals

whi ch allow colors in a wider color range than
predet erm ned standards, which can be handl ed by
apparatus according to such predeterm ned standards. A
primary color converter 62 converts first col or
stytaits othagi AGPPLFAaEY tolarvisisioncenenaa 1l erxamyler
range than the primary col.or points according to

BT. 709 .into second color signals based on the primary
col ors 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 nunerical
range wi.der than a range fromO to 1.0 of color
signals corresponding to a | um nance signal and col or
di fference signals according to BT.709. A color signa
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converter 64 converts the third color signals into a
| um nance signal and color difference signals. A
corrector 64A incorporated in the color signa
converter <corrects the color difference signals into
color difference signals in a range from-0.57 to
-0.56 -containing a range from-0.5-to 0.5 -accordi-ng to
BT. 709, which color difference signals are assigned
to an- integral value in a range from1l to 254
containing a range from16 to 240 according to

BT. 709. The present 75 invention is applicable to a
Viteo Icanera, for exanple. 76 FIG 1: 1. VIDEO CAMERA
FIG 2: 1. VIDEO CAMERA 21: OPERATION UNIT 22: | MAGE
GAPTURENGCEMERA 23: A/ D CONVERTER 24: PRI MARY COLOR
CONVERTER 25: COLOR SI GNAL CORRECTOR  26:
PHOTCELECTRI C TRANSDUCER 27: COLOR SI GNAL CONVERTER

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_7 CORRECTOR

'44: D/A CONVERTER

' 45: DISPLAY MECHANISM

FIG. 4:
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28: ENCODER 29: CONTROLLER 30: RECORDER 31:

COMVUNI CATION UNIT FIG 3: 2: TELEVI SI ON RECEI VER 41:

| MAGE SI GNAL INPUT UNIT 42: LUM NANCE AND COLOR
DI FFERENCE SI GNAL CONVERTER 43: | NHERENT y CORRECTOR

44: DI A CONVERTER 45: DI SPLAY MECHANISM FIG 4: 77 R

~(RED) G (GREEN) B (BLUE) W (W TE: D65) FIG 5:

STANDARDS S| GNAL S| GNAL DURATI ON  ( CONVENTI ONAL
SYSTEM (PRESENT SYSTEM

R (RED)
G (GREEN)
. 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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SIGNAL LEVEL SIGNAL LEVEL SI GNAL LEVEL SIGNAL LEVEL
SIGNAL LEVEL SIGNAL LEVEL FIG 6: PHOTCELECTRI C
TRANSDUCER CHARACTERI STI CS ( GAMVA)  OUTPUT SI GNAL

I NPUT SI GNAL SAME AS | TU-R BT. 709 78 CHARACTERI STI C
CURVE I N PO NT SYMVETRY W TH RESPECT TO ORIG N FI G

101 --SURFACE -AREA - COVERAGE | N- MUNSELL - COLOR - CASCADE
H GH COLOR- SATURATI ON CHROVA (768 COLORS) VOLUME
COVERAGE | N UNI FORM COLOR SPACE (L*a*b*) CONVENTI ONAL
COLOR SPACE (I TU-R BT. 709) PRESENT SYSTEM FIG 11:

60: VIDEO CAMERA FIG 12:

CHARACTERISTIC CURVE IN POINT SYMMETRY WITH RESPECT TO

ORIGIN

FIG. 10:
SURFACE AREA COVERAGE IN MUNSELL COLOR CASCADE HIGH-
COLOR—SATURATION.CHROMA (768 COLORS)

VOLUME COVERAGE IN UNIFORM COLOR SPACE (L*a*b*)

CONVENTIONAL COLOR SPACE (ITU-R BT.709)

PRESENT SYSTEM

FIG., 11:

60: VIDEQO CAMERA

FIG. 12:
60: VIDEO CAMERA

21: OPERATION UNIT

61: IMAGE CAPTURING UNIT

23: A/D CONVERTER

62: PRIMARY COLOR CONVERTER
63: PHOTOELECTRIC TRANSDUCER
| 64: COLOR SIGNAL CONVERTER
64A: CORRECTOR

28: ENCODER

29: CONTROLLER
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60: VI DEO CAMERA 21: OPERATION UNIT 61: | MAGE
CAPTURI NG UNIT 23: Al D CONVERTER 62: PRI MARY COLOR
CONVERTER 63: PHOTCELECTRI C TRANSDUCER 64: COLOR

SI GNAL CONVERTER 64A: CORRECTOR 28: ENCODER 209:
CONTROLLER 79 30: RECORDER 31: COMMUNI CATION UNI'T
kG213 START - OF - | MAGE - CAPTURI-NG AND - RECORDI-NG :
PROCESS Si: ACQUI RE | MAGE SI GNAL S2: CONVERT ANALOG
1 MAGE SIGNAL | NTO DI G TAL | MAGE SIGNAL S3: CONVERT
PRI MARY COLCRS S4: CORRECT COLOR SI GNAL ACCORDI NG TO
PHOTOELECTRI C TRANSDUCER CHARACTERI STI CS 55: CONVERT
GOORESICERNAR | NTO LUM NANCE SI GNAL AND COLOR

DI FFERENCE SI GNAL S6: CORRECT | NVALI D LUM NANCE SI GNAL
AND IOQMUNDCETLOR UNIT

FIG. 13:

START OF IMAGE CAPTURING AND RECORDING PROCESS

S1: ACQUIRE IMAGE SIGNAL

$2: CONVERT ANALOG IMAGE SIGNAL INTO DIGITAL IMAGE SIGNAL

S3: CONVERT PRIMARY COLORS

S4: CORRECT COLOR SIGNAL ACCORDING TO PHOTOELECTRIC
TRANSDUCER CHARACTERISTICS |

S5: CONVERT COLOR SIGNAL TNTO LUMINANCE SIGNAL AND COLOR

~ DIFFERENCE SIGNAL

$6: CORRECT INVALID LUMINANCE SIGNAL AND INVALID COLOR
'DIFFERENCE SIGNAL

S7: ENCODE SIGNAL

§8: RECORD SIGNAL

'§9: REQUEST TO .STOP RECORDING ?

 END

FIG. 14:

70: TELEVISION RECEIVER

41: IMAGE SIGNAL INPUT UNIT

71: LUMINANCE AND COLOR DIFFERENCE SIGMAL CONVERTER
72: INVERSE PHOTOELECTIC TRANSDUCER

73: PRIMARY COLOR CONVERTER

74: COLOR SIGNAL CORRECTOR
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DI FFERENCE SI GNAL S7: ENCCDE S| GNAL S8: RECCORD S| GNAL
S9: REQUEST TO STOP RECORDING ? END FIG 14: 70:
TELEVI SI ON RECEI VER 41: | MAGE SI GNAL | NPUT UNI'T 71:
LUM NANCE AND COLOR DI FFERENCE S| GNAL CONVERTER  72:

I NVERSE PHOTOELECTI C TRANSDUCER 73: PRI MARY COLOR

- CONVERTER - 74 COLOR -S| GNAL - CORRECTCOR 80 75: - | NHERENT
.y CORRECTOR “44: DI A CONVERTER 76: - DI SPLAY MECHANI SM

FI G 15: START OF | MAGE DI SPLAYI NG PROCESS S21:

ACQUI RE | MAGE SI GNAL S22: CONVERT LUM NANCE SI GNAL AND

COLOR DI FFERENCE SI GNAL | NTO COLOR SI GNAL S23:

| NWERSHEXEECRRECDREEICDBRSI GNAL ACCORDI NG TO
PHOTOELECTRI C TRANSDUCER CHARACTERI STI CS
44: D/A CONVERTER

76: DISPLAY MECHANISM

FIG. 15:
START OF IMAGE DISPLAYING PROCESS
. 521: ACQﬁIRE IMAGE SIGNAL .
S522: CONVERT LUMINANCE SIGNAL AND COLOR DIFFERENCE SIGNAL
INTO COLOR SIGNAL
523: INVERSELY CORRECT COLOR SIGNAL ACCORDING TO
PHOTOELECTRIC TRANSDUCER CHARACTERISTICS
524: CONVERT PRIMARY COLCRS
325: CORRECT UNDISPLAYABLE COLOR SIGNAL
526: CORRECT COLOR SIGNAL ACCORDING TO INHERENT
vy CHARACTERISTICS
- 827: CONVERT DIGITAL IMAGE SIGNAL INTO ANALOG IMAGE
SIGNAL |

528: DISPLAY IMAGE

FIG. 17:
100: PERSONAL COMPUTER
104: INTERNAL BUS
105: INPUT/OUTPUT INTERFACE
106: INPUT UNIT
107: OUTPUT UNIT

108: COMMUNICATION UNIT
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S24: CONVERT PRI MARY COLORS S25: CORRECT UNDI SPLAYABLE
COLOR SI GNAL S26: CORRECT COLOR SI GNAL ACCORDI NG TO

I NHERENT y CHARACTERI STI CS S27: CONVERT DI G TAL | MAGE
SI GNAL | NTO ANALOG | MAGE SIGNAL S28: DI SPLAY | MAGE
FIG 17: 100: PERSONAL COVPUTER 104: | NTERNAL BUS

~105: | NPUT/ OUTPUT | NTERFACE 106: | NPUT UNIT 107: .

OQUTPUT UNIT 108: COVMUNI CATION UNIT 81 109: RECORDER
110: DRI'VE 82

109: RECORDER

110: DRIVE
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