
S05PO935 DESCRIPTION  SIGNAL PROCESSING APPARATUS AND
METHOD, AND PROGRAM  Technical Field The present
invention relates to a signal  processing apparatus, a
signal processing method, and a  program, and more
particularly to a signal processing  apparatus, a
signal processing method, and a program for
expressing colors in a color range wider than a
conventional color range in the processing of an image
signal. Background Art In recent years, advances in
the image processing  technology have achieved higher
image quality in video  cameras for capturing and
recording images and television  receivers for
displaying captured images, and have made  it possible
for present video cameras and television  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 1 505P0935
captured by a video camera I is supplied through a
recording medium 11 or a network 12 to a television  



receiver 2, which displays the image captured by the
video camera 1. Details of the video camera I and the
television  receiver 2. will be described below with
reference to FIGS.  2 and 3 of the accompanying
drawings. 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
Radiocommunication sector) BT  (Broadcasting service
(Television)). 601 (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 I
performs its processing operation  according to
BT.709. In FIG. 2, the video camera 1 includes a
operation  unit 21, 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 controller
29, a recorder 30, and a  communication unit 31. The
operation unit 21 is operated by the user when 2
S05PO935 the user enters various commands into the
video camera 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 perform the respective processing
sequences.  For example, the operation unit 21
supplies the image  capturing unit 22 with a signal
representing the  capturing of an image, and also
supplies the controller  29 with a signal representing
a destination of a signal  (hereinafter referred to as
an image signal) indicative  of an image captured by
the image capturing unit 22. The image capturing -unit
22 starts or stops an  image capturing process
according to an instruction from  the operation unit
21. The image capturing unit 22  supplies an image
signal indicative of an image captured  by the image
capturing unit 22 to the A/D (Anal og/Digital)
converter 23. The image capturing unit  22 includes a
CMOS (Complementary Metal Oxide  Semiconductor)
imager, a CCD (Charge Coupled Device), or  the like,
and outputs color signals R, G, B (Red, Green,  Blue)
as an image signal. The A/D converter 23 converts
analog color signals  supplied from the image
capturing unit 22 into digital  color signals, and
supplies the digital color signals to S05PO935 the
primary color converter 24. The color signals R, G, B
that are supplied from the A/D converter 23 to the
primary color converter 24 are referred to as color 



signals Rorg, Gorgr Borg. The primary color converter
24 converts the color  signals Rorgr Gorg, Borg
supplied from the A/D converter 23  into color signals
R,09i G709, B709 based on primary colors  under
BT.709, and supplies the color signals R709, G709,
B7o9 to the color signal corrector 25. Specifically,
the primary color converter 24 converts the color
signals  Gorg, Borg supplied from the A/D converter 23
into color  signals R709, G709, B709 based on primary
colors under  BT.709 according to the following
equation (1): 11  I .6968 - . $351 O. Q38 -0. 1494.
1.2250 -0.0705 erg  _or 014.1 -10$6 1. 1 227 Rorg, The
matrixes of the equation (1) differ depending  on the
primary color points of the image capturing unit  22.
The color signal corrector 25 corrects the color
signals R709, G709, B709 supplied from the primary
color  converter 24 into color signals R709, G709,
B709 in a  numerical range from 0 to 1.0 defined
according to BT.709.  Specifically, the color signal
corrector 25 corrects S05P0935 color signals R709,
G709, B709 which are smaller than 0 into 



0, i.e., clips color signals R709, color signals R709,
G709, B709 G709, B709, and corrects which are greater
than 1.0 into 1.0, and supplies the corrected color
signals R709, G709, B709 to the photoelectric
transducer 26. It is assumed that the numerical values
0, 1.0 of the numerical range from 0 to 1.0 are
minimum and maximum values,  respectively, of the
color signals R709, G709, B709  according to BT.709.
The photoelectric transducer 26 converts the color
signals R709, G709, B709 supplied from the color
signal  corrector 25 into color signals R' 709, G'709,
B'709 that are  corrected with the y of a display
mechanism of B.709 (the nonlinearity of light emission
luminance with respect to  the image signal) according
to photoelectric transducer  characteristics according
to BT.709, and supplies the  converted color signals
R'709, G'709, B'709 to the color  signal converter 27.
Specifically, the photoelectric transducer 26
converts the color signals R709, G709, B709 into color
signals R'709, G'709, B'709 according to the following
equation (2) and supplies the converted color signals



R'709, G' 709, B' 709 to the color signal converter
27: 5 S05PO935 1. x 1 I) I, -o. q~ 0, P1 a - 8709 1.
-0  R'709 4;5 7 Ra . 018 The photoelectric transducer
characteristics between the color signal 8709 and the
color signal R'709  are defined in the range from the
minimum value to the  maximum value of the color
signal R709 according to BT.709, i.e., in the range
from 0 to 1.0. The photoelectric  transducer
characteristics between the color signal G709  and the
color signal G'709 and the photoelectric  transducer
characteristics between the color signal B70g  and the
color signal B'709 are also similarly defined. The
color signal converter 27 converts the color  signals
R'709, G'709, B'709 supplied from the photoelectric
transducer 26 into a luminance signal Y'709 and color
difference signals Cb'709, Cr'709 under BT.709
according to  the equation (3) shown below, and
supplies the luminance  signal Y'709 and the color
difference signals Cb' 709, Cr' 709,  each expressed
in 8 bits, to the encoder 28. Y 1 s 1 0.0722 E 9. -:.
--0 854 0.5000 ' i 9 7 0 5000 4642 -0.08. 8'.q  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'709 6
S05P0935 generated by the color signal converter 27
according to  the equation (3) is of value in a
numerical range from 0  to 1.0. Each of the color
difference signals Cb'709, Cr'709  generated by the
color signal converter 27 according to  the equation
(3) is of value in a numerical range from  -0.5 to
0.5. Furthermore, the color signal converter 27
assigns  the luminance signal Y'-709 in the numerical
range from 0  to 1.0, 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 235
which is smaller than an  integral range from 0 to 255
that can be expressed in 8  bits, and supplies the
luminance signal Y'709 that is  assigned to the
integral value as a luminance signal  according to
BT.709 to the encoder 28. The color signal  converter
27 assigns each of the color difference signals  Cb'
709, Cr'709 in the numerical range from -0.5 to 0. 5,
which is generated by the color signal converter 27
according to the equation (3), to an integral value in
an  integral range from 16 to 240 which is smaller
than the  integral range from 0 to 255 that can be
expressed in 8  bits, and supplies the color
difference signals Cb'709,  



Cr'709 that are assigned to the integral value as
color  difference signals according to BT.709 to the
encoder 28. 7 S05PO935 The encode-r'28 encodes the
luminance signal Y'7o9  and the color difference
signals Cb' 709, Cr'709, each in 8  bits, supplied
from the color signal converter 27  according to a
predetermined format, for example, such as  MPEG
(Moving Picture Experts Group) and supplies the
resultant encoded data to the controller 29. The
controller 29 supplies the encoded data  supplied from
the encoder 28 to the recorder 30 or the
communication unit 31 according to an instruction from
the operation unit 21. The recorder 30 records the
encoded data supplied  from the controller 29 in the
recording medium 11 shown  in FIG. 1. The
communication unit 31 transmits the encoded data
supplied 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
y 8 SOSP0935 characteristics corrector 43, a D/A
converter 44, and a  display mechanism 45. The image
signal input unit 41 receives encoded  data reproduced
from the recording medium 11 or  transmitted from the
network 12. The image signal input  unit 41 also
decodes the encoded data according to a  predetermined
format such as MPEG, for example, and  supplies a
luminance signal Y'709 and color difference  signals
Cb'709, Cr'709, 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 luminance and color difference
signal converter  42 converts the luminance signal
Y'709 and the color  difference signals Cb'-7og,
Cr'709 supplied from the image  signal input unit 41
into color signals R'709, G'709, B'7og  under BT.709
according to the equation (4) shown below, and
supplies the color signals R1.7og, G'70.9, B'709 to
the inherent y characteristics corrector 43. I'. WOO
0. OWG - 1. .5 7 4 7 Y" 70 1  1, 0000 -01 1873 -0,4682
lb'709  1,0000 Lm 0, 000 74A j 



-0 - (4)' The luminance signal Y'709 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 9 S05P0935 an integral value in an
integral range from 16 to 235  which can be expressed
in 8 bits, as described above.  Each of the color
difference signals Cb' 709, Cr' 709 according to
BT.709 which are supplied from the image  signal input
unit 41 to the luminance and color  difference 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 luminance and color
difference signal converter  42 sets the luminance
signal Y'709 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'709, Cr' 709 of  the integral value in the integral
range from 16 to 240 to a value in a numerical range
from -0.5 to 0.5. The  luminance and color difference
signal converter 42 also  converts the luminance
signal Y'709 expressed in the  numerical range from 0
to 1.0 and the color difference  



signals Cb'7o9, Cr'709 expressed in the numerical
range  from -0.5 to 0.5 into color signals signals
R'709, G'7o9, B'709 according to the equation (4). If
the y characteristics of the display mechanism  45 of
the television receiver 2 are different from the 10
S05PO935 photoelectric transducer characteristics (y
characteristics) represented by the equation (2) of
BT.709, then the inherent y characteristics corrector
43  converts the color signals R'-70.9, G'7c)q, B1709
supplied from  the luminance and color difference
signal converter 42  into color signals R'709, G'709,
B'709 according to the  inherent y characteristics of
the display mechanism 45  (CRT (Cathode Ray Tube) or
the like) of the television  receiver 2, and supplies
the color signals R'709, G'709,  B'-7og 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 y
characteristics corrector 43 is not  required. The D/A
converter 44 converts the digital color  signals
R'709, G'7091 B'7og supplied from the inherent -y
characteristics corrector 43 into analog color signals
R 709, 



G'7og, B'-7og, and supplies the analog color signals R
T 709, GT709r B'709 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'709, G
709, B'709 supplied from the D/A converter 44. The
color signals, the luminance signals, and the 11
S05PO935 color difference signals according to BT.709
which are  processed in the video camera I and the
television  receiver 2 are prescribed in
RECOMMENDATION ITU-R BT.709 4. FIG. 4 of the
accompanying drawings shows the  chromaticity
coordinate positions of primary colors and  reference
white in the CIE (Commission Internationale de
I'Eclariage) colorimetric system. Disclosure of
Invention Since the color signals are processed
according to  the standards of BT.709 in the video
camera I and the  television receiver 2 as described
above, the video  camera I and the television receiver
2 are incapable of  expressing colors not under the
standards of BT.709. If color 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.709. It is
therefore an object of the present invention  to
provide signals which allow colors in a wider color 12
S05PO935 range than predetermined standards such as
BT.709, for  example, and which can be handled by
apparatus according  to such predetermined standards.
According to the present invention, there is  provided
a first signal processing which includes a - primary
color converting unit 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 the
predetermined standard, a  characteristics converting
unit for 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, a color signal converting
unit for converting  the third color signals into a
luminance signal and color  difference signals, and a
correcting unit for correcting  the luminance signal
generated by the color signal 13 S05P0935 converting
unit into a luminance signal according to the
predetermined standard, and correcting the color
difference signals generated by the color signal
converting unit into color difference signals in a
second  numerical range containing the first numerical
range, the  color difference signals being assigned to
an integral  value in the second numerical range which
can be  expressed by the plurality of bits. In the
first signal processing apparatus, the  photoelectric
transducer characteristics are in point  symmetry with
respect to an origin. In the first signal processing
apparatus, all of  the primary color converting unit,
the characteristics  converting unit, and the color
signal converting unit  include a single look up
table. According to the present invention, there is  



provided a first signal processing method which
includes  the steps of converting first color signals
having  primary color points in a wider color range
than primary  color points according to a
predetermined standard by  which color difference
signals having a first numerical  range are assigned
to an integral value in a first  integral range which
is smaller than an integral range  which can be
expressed by a plurality of bits, into 14 S05P0935
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, converting the third color
signals into a  luminance signal and color difference
signals, and  correcting the luminance signal
generated by the step of  converting the third color
signals, into a luminance  signal according to the
predetermined standard, and  correcting the color
difference signals generated by the  step of
converting the third color signals, into color
difference signals in a second numerical range
containing  the first numerical range, the color
difference signals  



being assigned to an integral value in the second
numerical range which can be expressed by the
plurality  of bits. According to the present
invention, there is  provided a first program which
enables a computer to  perform a signal processing
process including the steps  of converting first color
signals having primary color  points in a wider color
range than primary color points 15 S05P0935 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, converting the third color
signals into a  luminance signal and color difference
signals, and  correcting the luminance signal
generated by the step of  converting the third color
signals, into a luminance  



signal according to the predetermined standard, and
correcting the color difference signals generated by
the  step of converting the third color signals, into
color  difference signals in a second numerical range
containing  the first numerical range, the color
difference signals  being assigned to an integral
value in the second  numerical range which can be
expressed by the plurality  of bits. 16 S05PO935
According to the present invention, there is  provided
a second signal processing apparatus wherein a
luminance signal and color difference signals include
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 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 signal and color
difference signals, wherein  the luminance signal
includes a luminance signal  according to the
predetermined standard and the color  difference
signals include color difference signals in a  second
numerical range containing the first numerical 17
S05P0935 range, the color difference signals being
assigned to an  integral value in the second numerical
range which can be  expressed by the plurality of
bits, wherein the signal  processing apparatus
includes a luminance and color  difference signal
converting unit for converting the  luminance signal
according to the predetermined standard  and the color
difference signals in the second numerical  range into
the third color signals, a characteristic  converting
unit for converting the third color signals  into the
second color signals according to the  photoelectric
transducer characteristics, a primary color
converting unit for converting the second color
signals  into the first color signals, and a
correcting unit for  correcting the first color
signals into signals in a  numerical range which can
be displayed by a display  mechanism for displaying an
image. 



In the second signal processing apparatus, the
photoelectric transducer characteristics are in point
symmetry with respect to an origin. In the second
signal processing apparatus, all of  the luminance and
color difference signal converting unit,  the
characteristics converting unit, and the primary color
converting unit include a single look up table.
According to the present invention, there is 18
S05PO935 provided a second signal processing method
wherein the  luminance signal and the color difference
signals include  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 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 signal and color
difference signals, wherein  the luminance signal
includes a luminance signal  according to the
predetermined standard and the color  difference
signals include color difference signals in a  second
numerical range containing the first numerical  range,
the color difference signals being assigned to an 19
S05PO935 integral value in the second numerical range
which can be  expressed by the plurality of bits,
wherein the signal  processing method includes the
steps of converting the  luminance signal according to
the predetermined standard  and the color difference
signals in the second numerical  range into the third
color signals, converting the third  color signals
into the second color signals according to  the
photoelectric transducer characteristics, converting
the second color signals into the first color signals,
and correcting the first color signals into signals in
a  numerical range which can be displayed by a display
mechanism for displaying an image. According to the
present invention, there is  provided a second program
for enabling a computer to  perform a signal
processing process wherein the luminance  signal and
the color difference signals include a  



luminance signal and color difference signals obtained
by  converting first color signals having primary
color  points in a wider color range than primary
color points  according to a predetermined standard by
which color  difference signals having a first
numerical range are  assigned to an integral value in
a first integral range  which is smaller than an
integral range which can'be  expressed by a plurality
of bits, into second color 20 SOSP0935 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, converting the third color
signals into a  luminance signal and color difference
signals, wherein  the luminance signal includes a
luminance signal  according to the predetermined
standard and the color  difference signals include
color difference signals in a  second numerical range
containing the first numerical  range, the color
difference signals being assigned to an  integral
value in the second numerical range which can be
expressed by the plurality of bits, wherein the signal



.processing process includes the steps of converting
the  luminance signal according to the predetermined
standard  and the color difference signals in the
second numerical  range into the third color signals,
converting the third  color signals into the second
color signals according to  the photoelectric
transducer characteristics, converting  the second
color signals into the first color signals,
correcting the first color signals into signals in a
21 S05PO935 numerical range which can be displayed by
a display  mechanism for displaying an image. With the
first signal processing apparatus, the  first signal
processing method, and the first program  according to
the present invention, 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, 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 22 S05P0935 numerical
range containing the first numerical range, the  color
difference signals being assigned to an integral
value in the second numerical range which can be
expressed by the plurality of bits. With the second
signal processing apparatus, the  second signal
processing method, and the second program  according
to the present invention, a luminance signal  and
color difference signals include 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 range which
is smaller  than an integral range which can be
expressed by a  plurality of bits, into second color
signals based on  



primary colors according to the predetermined
standard,  converting the second color signals into
third color  signals according to photoelectric
transducer  characteristics defined in a numerical
range which is  greater than a numerical range of
color signals  corresponding to a luminance signal and
color difference  signals according to the
predetermined standard, and  converting the third
color signals into a luminance 23 S05PO935 signal and
color difference signals, wherein the  luminance
signal includes a luminance signal according to  the
predetermined standard and the color difference
signals include color difference signals in a second
numerical range containing the first numerical range,
the  color difference signals being assigned to an
integral  value in the second numerical range which
can be  expressed by the plurality of bits. The
luminance signal  according to the predetermined
standard and the color  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.
According to the present invention, colors in a  wide
color range can be expressed by signals that can be
handled by predetermined standards such as BT.709, for
example. Brief Description of Drawings FIG. 1 is a
block diagram of a conventional AV 24 S05P0935 system.
FIG. 2 is a block diagram of a video camera of the
conventional AV system shown in FIG. 1. FIG. 3 is a
block diagram of a television receiver  of the
conventional AV system shown in FIG. 1. FIG. 4 is a
diagram showing primary colors and  reference white
according to ITU-R B.709. FIG. 5 is a diagram showing
the relationship  between signal levels of signals
according to various  standards and integral values
representing the signals  levels. FIG. 6 is a diagram
showing photoelectric  transducer characteristics
employed by the present  invention. FIG. 7 is a
diagram showing the relationship  between a color
space covered by ITU-R B.709 and a color  space based
on to 768 colors of the Munsell color cascade  



and sRGB standards. FIG. 8 is a diagram showing the
relationship  between a color space based on a
luminance signal and  color difference signals
according to the present  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 25 505P0935 difference
signals according to BT.709. FIG. 9 is a diagram
showing the relationship of FIG.  8 as projected in
the direction of Cb'. FIG. 10 is a diagram showing
coverages in the color  spaces covered by BT.709 and
the present invention. FIG. 11 is a block diagram of
an AV system  according to the present invention. FIG.
12 is a block diagram of a video camera of the  AV
system shown in FIG. 11. FIG. 13 is a flowchart of an
image capturing and  recording process performed by
the video camera shown in  FIG. 12. FIG. 14 is a block
diagram of a television receiver  of the AV system
shown in FIG. 11. FIG. 15 is a flowchart of an image
displaying  process performed by the television
receiver shown in FIG. 14. 



FIG. 16 is a diagram showing flows of signals in  the
processes performed by the video camera shown in FIG.
12 and the television receiver shown in FIG. 14. FIG.
17 is a block diagram of a personal computer. Best
Mode for Carrying out the Invention Prior to the
description of an embodiment of the 26 S05PO935
present invention, a color space employed by the
embodiment of the present invention will be described
below in comparison with existing color spaces
according  to international standards. FIG. 5 shows
the relationship between signal levels  of signals
according to international standards and  integral
values representing those signals levels. According to
sRGB standards for a color space  prescribed by IEC
(International Electrotechnical  commission), 8 bits
are used to express color signals R,  G, B, and the
signal levels of the color signals R, G, B  ranging
from 0 to 1.0 are assigned to values ranging from  0
to 255 which can be expressed by 8 bits. Each of the
color signals R, G, B is represented by 256 (= 255 - 0
+  1) gradations. According to sYCC standards for a
luminance signal  and color difference signals for
still images, the  luminance signal Y is expressed
using 8 bits as with the  



sRGB standards, and the signal level of the luminance
signal Y ranging from 0 to 1.0 is assigned to values
ranging from 0 to 255 which can be expressed by 8
bits.  The luminance signal Y is represented by 256
255 - 0 +  1) gradations. The color difference signals
Cb, Cr are expressed 27 S05PO935 using 8 bits, and the
signal levels of the color  difference signals Cb, Cr
ranging from -0.5 to 0.5 are  assigned to values
ranging from 0 to 255 which can be  expressed by 8
bits. The color difference signals Cb, Cr  are
represented by 256 (= 255 - 0 + 1) gradations. Color
signals, luminance signals, and color  difference
signals according to BT.601 standards for SDTV
(Standard Definition Television) and BT.709 standards
for  HDTV (High Definition Television) will be
described below. According to BT.709, 8 bits are used
to express  color signals R, G, B, and the signal
levels of the color  signals R, G, B ranging from 0 to
1.0 are assigned to  integral values in an integral
range from 16 to 235 which  is smaller than the range
from 0 to 255 that can be  expressed by 8 bits. Each
of the color signals R, G, B is  represented by 220 (=
235 - 16 + 1) gradations. According to BT.709, 8 bits
are used to express a  luminance signal Y, and the
signal level of the luminance  



signal Y ranging from 0 to 1.0 is assigned to integral
values in an integral range from 16 to 235 which is
smaller than the range from 0 to 255 that can be
expressed by 8 bits. The luminance signal Y is
represented by 220 (= 235 - 16 + 1) gradations.
According to BT.709, 8 bits are used to express 28
SOSP0935 color difference signals Cb, Cr, and the
signal levels of  the 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
expressed by 8 bits. Each of the color  difference
signals Cb, Cr is represented by 225 (= 240 - .16 + 1)
gradations. 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  expressed by 8 bits representing signals
are not used. The color space according to the present
invention  will be described below. According to the
present invention, the color space  is based on an
expanded version of given standards  wherein signals
having respective signal levels are  assigned to
integral values in an integral range which is  



smaller than an integral range that can be 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  expressed by 8 bits. 29 S05PO935
Specifically, according to the present invention, a
luminance signal Y is defined as with BT.709. That is,
8  bits are used to express the luminance signal Y,
and the  signal level of the luminance signal Y
ranging from 0 to  1.0 is assigned to integral Values
in an integral range  from 16 to 235 which is smaller
than the range from 0 to  255 that can be expressed by
8 bits. Therefore., the  luminance signal 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 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
expressed by 8 bits,  as with BT.709. However, an
integral range to which the signal  



levels of the color difference signals Cb, Cr are
assigned is expanded to an integral range from 1 to
254  which contains the integral range from 16 to 240
to which  signal levels are assigned according to
BT.709.  Specifically, according to the present
invention, as with  BT.709, each of the color
difference signals Cb, Cr 30 S05P0935 ranging from
-0.5 to 0.5 is assigned to an integral range  of 225
(= 240 - 16 + 1) gradations from 16 to 240, and  the
signal levels for the integral range from 16 to 240
are also assigned to an integral range from I to 15
and an integral range from 241 to 254. As a result,
signal levels ranging from -0.57 to  0.56 are assigned
to an integral range from 1 to 254.  Consequently,
according to the present invention, the  color
difference signals Cb, Cr whose signal levels are  in
the range from -0.57 to 0.56 are represented by 254
254 - I + 1) gradations. As described above, according
to the present  invention, color difference signals
Cb, Cr whose signal  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 express 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
according to BT.709, and the color difference signals
Cb,  Cr according to the present invention are
identical to  the color difference signals Cb, Cr
according to BT.709 31 S05P0935 with respect to the
signal levels ranging from -0.5 to  0.5 that are
assigned to the integral range from 16 to  240.
Therefore, the luminance signal Y and the color
difference signals Cb, Cr according to the present
invention can be handled by apparatus according to
BT.709,  and can be used to display images in a range
of colors  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 present  invention are converted into
color signals R, G, B, the  signal 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  color signals
R, G, B according to BT.709, and the value 



1 represents the maximum value of the color signals R,
G,  B according to BT.709. As described above,
according to the present  invention, color signals R,
G, B having negative values  or values in excess of 1
can be handled, and mutual  conversion is performed
between such color signals R, G, 32 S05P0935 B and the
luminance signal Y ranging form 0 to 1.0 and  the
color difference signals Cb, Cr ranging from -0.57 to
0.56. When an image is captured and color signals R,
G, B  of the image are to be converted into the
luminance  signal Y and the color difference signals
Cb, Cr  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 (v
correction). According to BT.709, photoelectric
transducer  characteristics are defined with respect
to the range  



from 0 to 1.0 that the color signals R, G, B can have,
but no photoelectric transducer characteristics are
defined with respect to negative values and values in
excess of 1.0. Since the color signals R, G, B to be
converted  into the luminance signal Y and the color
difference 33 S05P0935 signals Cb, Cr according to the
present invention can  have negative values and values
in excess of 1.0, it is  necessary to determine
photoelectric transducer  characteristics according to
which the color signals R, G,  B that can have
negative values 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 input values in the range of
negative values, the photoelectric transducer
characteristics prescribed  under BT.709 are expanded
in point symmetry with respect  to 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 invention. 



The photoelectric transducer characteristics
according to the present invention as shown in FIG. 6
are  identical to the photoelectric transducer
characteristics  according to BT.709 insofar as the
input signals (color  signals R, G, B) are in the
range from 0 to 1.0. Specifically, the portion of the
photoelectric 34 S05PO935 transducer characteristics
shown in FIG. 6 wherein the  input signals are in the
range from 0 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 input signals  are in the range
exceeding 1.0 is an expansion of the  range from 0.018
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 values is an expansion of  the photoelectric
transducer characteristics according to .BT.709 in
point symmetry with respect to the origin.  Therefore,
the photoelectric transducer  characteristics
according to the present invention are  expressed by
the following equation (5): ex7og .099 X (
L-rr7019Rj709 Wex7 4 X Rx7ft - ,xrc0.018 -0. 099)"-0.
018 



In the equation (5), R represents a color signal R
before it is converted according to the photoelectric
transducer characteristics, and R' represents a color
signal R after it is converted according to the
photoelectric transducer characteristics. According to
the present invention, color signals G, B are also 35
S05PO935 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 color space  covered by BT.709
and a color space based on to 768  colors of
high-color-saturation chroma called 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  generated. In
FIG. 7, the luminance signal Y and the  color
difference signals Cb, Cr are indicated  respectively
as a luminance signal Y' and color  difference signals
Cb', Cr' in order to show that the  



luminance signal Y and the color difference signals
Cb,  Cr correspond to the color signals R, G, B
converted  according to the photoelectric transducer
characteristics. In FIG. 7, the marks 0 represent the
768 colors of  the Mansell color cascade, and the
range of a  parallelepiped in a grid pattern
represents colors 36 S05PO935 expressed by color
signals according to BT.709. The range  of a
rectangular parallelepiped in FIG. 7 represents a
range covered by luminance and color difference
signals  according to BT.709. The luminance and color
difference signals  according to BT.709 cover the
color space according to  the.sRGB standards, but
cannot 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 present
invention, a color signal based  on 768 colors of the
Munsell color cascade and color signals under BT.709,
and a color space based on a  luminance signal and
color difference signals according  to BT.709. In FIG.
8, the marks 0 represent the 768 colors of  the
Munsell color cascade, and the range of a
parallelepiped in a grid pattern represents colors  



expressed by color signals according to BT.709. An
inner  one of two rectangular parallelepipeds in FIG.
8  represents a range covered by luminance and color
difference signals according to BT.709, and an outer
rectangular parallelepipeds represents a range covered
by  luminance and color difference signals according
to the 37 SOSP0935 present invention. FIG. 9 shows the
relationship of FIG. 8 as  projected in the direction
of Cb'. In FIG. 9, the marks 0 represent the 768
colors of the Munsell color cascade, and the range of
a  parallelepiped 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  according to the present
invention. As shown in FIGS. 8 and 9, the present
invention  fully covers the color space of 768 colors
of the Munsell  color cascade and color signals under
BT.709. FIG. 10 shows coverages 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  color signals under BT.709, and 100% in the color
space  of luminance and color difference signals
according to  the present invention. The coverage of
the volume of a uniform color space  (L*a*b*) is 61%
in the color space of color signals under 38 30520935
BT:709, and 100% in the color space of luminance and
color difference signals according to the present
invention. According to the present invention,
therefore, a  wider color space can be covered and
colors in a wider  color range can be 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 receiver
70. In FIG. 11, a  signal of an image captured by a
video camera 60 is  supplied through a recording
medium 11 or a network 12 to  the television receiver
70, which displays the image  captured by the video
camera 60. FIG. 12 shows in block form details of the
video  camera 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 reference numerals, and will not be
described in detail below. In FIG. 12, the video
camera 60 includes a  operation unit 21, an image
capturing unit 61, an A/D  converter 23, a primary
color converter 62, a  photoelectric transducer 63, a
color signal converter 64, 39 S05PO935 a corrector
64A, an encoder 28, a controller 29, a  recorder 30,
and a communication unit 31. The image capturing unit
61 starts or stops an  image capturing process
according to an instruction from  the operation unit
21. The image capturing unit 61  supplies an image
signal indicative of a captured image  to the A/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 primar . y color
converter 62.  The color signals R, G, B that are
supplied from the A/D  converter 23 to the primary
color converter 62 are  referred to as color signals
Rexr Gex, Bex. The primary color converter 62 converts
the color 40 S05PO935 signals Rex, Gex, Bex supplied
from the A/D converter 23  into color signals Rex709,
Gex709r Bex709 based on primary  colors under BT.709,
and supplies the color signals Rex709,  Gex709, Bex709
to the photoelectric transducer 63.  Specifically, the
primary color converter 62 converts the  color signals
Rx, Gex, Bex supplied from the A/D converter  23 into
color signals Rex709, Gex709, Bex709 based on primary
colors under BT.709 according to the equation (6)
shown  below. The primary colors under BT.709 are
shown in FIG. 4. .. 8. -O.6351 a, 0383 -O. 1464'
.1.225 -Q 0795  '0141 O.1O 1. 27 The color signals
Rex709r Gex709, Bex709 obtained by the  primary color
conversion 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.709. The photoelectric transducer 63
converts the color  signals Rex709, Gex709, Bex709
supplied from the primary color  converter 62 into
color signals R',,709, G' ex709, B T ex709 according
to the photoelectric transducer characteristics  of
present invention, and supplies the converted color 41
S05P0935 Signals R'ex709, G'ex709, B'ex709 to the
color signal  converter 64. That is, the photoelectric
transducer 63 converts  the color signals Rex7o9,
Gex709, Bex709 supplied from the  primary color
converter 62 into color signals R'ex709, G' ex709, B'
ex7o9 according to the equation (5) , and supplies
the converted color signals R',,709, G' ex709, B T
ex7o9 to the  color signal converter 64. The equation
(5) is an equation for converting the  color signal
Rex709 into the color signal R' ex7o9  The color
signals Gex7o9, Bex709 are also converted respectively
into  the color signals G T ex7o9, B' ex7o9 according
to the equation  (5) as with the color signal Rex709.
The range from 0 to 1.0 of the color signals R'ex709,
G'ex7o9, B'ex709 which are converted from the color
signals  Rex7o9, Gex7o9, Bex709 by the photoelectric
transducer 63 based on the photoelectric transducer
characteristics  according to the present invention is
the same as with  



BT.709. The color signal converter 64 converts the
color  signals R' ex7o9, G' ex7o9, B' ex7o9 supplied
from the  photoelectric transducer 63 into a luminance
signal Y'ex7o9  and color difference signals Cb'ex7C9,
Cr'ex709 according to  the equation (7) shown below.
The color signal converter 42 S05P0935 64 has the
corrector 64A incorporated therein. The  corrector 64A
corrects the luminance signal Y1ex709 into a
luminance signal in a numerical range from 0 to 1.0
defined according to the present invention, and
corrects  the color difference signals Cb'ex709,
Cr'ex709 into color  difference signals in a numerical
range from -0.57 to  0.56 defined according to the
present invention, and  supplies the corrected
luminance signal and the corrected  color difference
signals to the encoder 28. 0,2126 .0. 716.0722R'
1146-0; 3854-O5Wy Q. 5000-0,4542;-0 W. B'
Specifically, the corrector 64A of the color signal
converter 64 corrects the luminance signal Yex7C9
which is  smaller than 0 into 0 and corrects the
luminance signal  Yrex709 which is greater than 1.0
into 1.0, for example.  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'ex709,  Cr' ex7ag which are greater than
0.56 into 0.56. The  corrector 64A assigns the
corrected luminance signal Y ex-709 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 43 S05P0935
luminance signal Yex709 that is assigned to the
integral  value as a luminance signal. according to
the present  invention to the encoder 28. The
corrector 64A assigns  the corrected color difference
signals Cb'ex709, Cr'ex7o9 to  an integral value in an
integral range from I to 254  which is smaller than
the integral range from 0 to 255  that can be
expressed in 8 bits, and supplies the color
difference signals Cb' ex70g, Cr' ex709 that is
assigned to the  integral value as color difference
signals according to  the present invention to the
encoder 28. An image capturing and recording process
performed  by the video camera 60 shown in FIG. 12
will be described  below with reference to FIG. 13.
The operation unit 21 instructs the image capturing
unit 61 to start capturing an image and at the same
time  instructs the controller 29 to start recording a
captured  



image, i.e., to control the recorder 30 to record a
captured image. In this manner, the image capturing
and  recording process is started. In step S1 shown in
FIG. 13, the image capturing  unit 61 captures 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 S2.
44 S05PO935 In step S2, the A/D converter 23 converts
the  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,,,,,
Gex, B,, to the  primary color converter 62. Then,
control goes to step S3.  In step S3, the primary
color converter 62 converts the color signals R,_,,
Gexr B,x supplied from the A/D converter 23 into color
signals R,~,,709, Gex709, based Bex709 on primary
colors under BT.709, and supplies the color  signals
Rex?()g, Gex709,f Bex709 -to the photoelectric
transducer  63. Then, control goes to step S4. In step
S4, the photoelectric transducer 63  converts the
color signals Rex,,c)q, Gex709, Bex7O9 supplied  from
the primary color converter 62 into color signals 



R'eX709f G'ex709r B'ex7og based on the photoelectric
transducer characteristics according to the present
invention, and supplies the converted color signals R
ex709 r G'ex709, B'.x7C9 to the color signal converter
64. Then,  control goes to step S5. In step S5, the
color signal converter 64 converts  the color signals
Rwex709, G'ex7()g, B'ex709 supplied from the
photoelectric transducer 63 into a luminance signal
Y',.,.7().g  and color difference signals Cb',,~?c)q,
Crtex7og according to  the present invention. Then,
control goes to step S6. 45 50520935 In step S6, the
corrector 64A of the color signal  converter 64
corrects invalid values of the luminance  signal
Y',,,709 and the color difference signals Cb'ex7o9,
Cr'ex7o9 which are produced in step S5. Specifically,
the corrector 64A corrects the  luminance signal
Y,,.7()9 into a luminance signal Y' eX7Q9 in a
numerical range from 0 to 1.0 defined according to the
present invention, and corrects the color difference
signals Cb'ex709, Cr'ex709 into color difference
signals  Cb'ex709, Cr'ex709 in a numerical range from
-0.57 to 0.56  defined according to the present
invention. For example,  the corrector 64A corrects
the luminance signal Y'ex709  which is smaller than 0
into 0 and corrects the luminance  



signal Y',x709 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'ex709, Crex709  which are greater than 0.56
into 0.56. The corrector 64A  expresses the corrected
luminance signal Y'ex7o9 and the  corrected color
difference signals Cb' ,x709, Cr' ex709  according to
the present invention with the 8 bits  described with
reference to FIG. 5, and supplies the  luminance
signal Y'ex709 and the color difference signals
Cb',x709, Cr',x709 to the encoder 28. Then, control
goes to 46 S05PO935 .step S7. In step S7, the encoder
28 encodes the luminance  signal Y'..709 and the color
difference signals Cb',-.709,  Crl,,,,709 supplied
from the color signal converter 64 .according to a
predetermined format such as MPEG, for  example, and
supplies the resultant encoded data to the  controller
29. Then, control goes to step S8. 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  controller
29 in the recording medium 11 shown in FIG. 1.
Control then goes to step S9. In step S9, the
operation unit 21 determines  



whether there is a request to stop the image capturing
and recording process or not. If it is judged in step
S9 that there is no request  to stop the image
capturing and recording process, then  control goes
back to step S1 to repeat the image  capturing and
recording process. If it is judged in step  S9 that
there is a request to stop the image capturing  and
recording process, then the operation unit 21
instructs the image capturing unit 61 to stop
capturing  an image, and also instructs the controller
29 to stop  recording a captured image. In this
manner, the image 47 S05P0935 capturing and recording
process is stopped. FIG. 14 shows in block form the
television receiver  70 of the AV system shown in FIG.
11. Those parts of the  television receiver 70 shown
in FIG. 14 which are  identical to those of the
television receiver 2 shown in  FIG. 3 are denoted by
identical reference numerals, and  will not be
described in detail below. 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  transducer 72, a primary
color converter 73, a color  signal corrector 74, an
inherent y characteristics  corrector 75, a D/A
converter 44, and a display mechanism 



76. The luminance and color difference signal
converter  71 converts the luminance signal Y',,,7()g
and the color  difference signals Cb',,:,,709,
Cr'e.709 supplied from the image  signal input unit 41
into color signals Rwex709r Vex709r  B',,,.709 based
on the photoelectric transducer  characteristics
according to the following equation (8),  and supplies
the color signals R%,,7o9, G'ex7oq, Blex709 to  the
inverse photoelectric transducer 72: 48 S05PO935
1.0000 0.0000 p47- 1.0 0 0 - 0. 1873 -0.4682 1.000 t
8556 o.. a.Qoo' . Specifically, the luminance and
color difference  signal converter 71 sets the
luminance signal Y',,-7o9 of  the integral value in
the integral range from 16 to 235  which can be
expressed in 8 bits, to a value in a numerical range
from 0 to 1.0, and also sets each of the  color
difference signals Cb'ex709, Cr'eX7Q9 of the integral
value in the integral range from 1 to 254 which can be
expressed in 8 bits, to a value in a numerical range
from  -0.57 to 0.56. The luminance and color
difference signal  converter 71 also converts the
luminance signal Y'ex709  expressed in the numerical
range from 0 to 1.0 and the  color difference signals
Cb'ex709, CrTex7o9 expressed in the  



numerical range from -0.57 to 0.56 into color signals
,x7ogr B' ex709 according to the equation (8)  R'
ex709, We The inverse photoelectric transducer 72
converts  the color signals R'ex7o9, G'ex709, B'ex709
supplied from the  luminance and color difference
signal converter 71  according to the photoelectric
transducer characteristics  of the present invention.
Specifically, the inverse  photoelectric transducer 72
converts the color signals R 'ex709, G 'ex709, B'
ex709 supplied from the luminance and 49 S05P0935
color difference signal converter 71 into color
signals  Rex7o9- Gex709- Bex709 according to the
following equation (9),  and supplies the color
signals Rex709, Gex709, Bex709 to the primary color
converter 73. x = ' /4.5 -00:081 }~  Wo~~t 0. 694) 09'
< 081 Specifically, the inverse photoelectric
transducer  72 performs a process which is an
inversion of the  process performed by the
photoelectric transducer 63 of  the video camera 60
(see FIG. 12) on the color signals  R' ex7o9- G'
ex709, B' ex709 supplied from the luminance and  color
difference signal converter 71, thereby converting  



the color signals R'ex709, G'ex7o9, B'ex7o9 supplied
from the  luminance and color difference signal
converter 71 back  into the color signals Rex709,
Gex7o9, Bex709 prior to being  converted by the
photoelectric transducer 63 of the video  camera 60.
The equation (9) is an equation for converting the
color signal R' ex7o9 into the color signal Rex7o9.
The color.  signals G'ex7o9, B'ex709 are also
converted respectively into  the color signals Gex709,
Bex709 according to the equation  (9) as with the
color signal R'ex709 The color converter 73 converts
the color signals 50 SOSP0935 Rex709, Gex7o9, Bex709
supplied from the inverse photoelectric  transducer 72
into color signals Rtv, Btv, Gtv based on the  primary
colors of the display mechanism 76, and supplies  the
color signals Rtv, Btv, Gtv to the color signal
corrector 74. Specifically, the primary color
converter 73 converts the color signals Rex7o9,
Gex709, Bex709 supplied from the inverse photoelectric
transducer 72 into color  signals Rtv, Btv, Gtv based
on the primary colors of the  display mechanism 76
according to the following equation (10)  



0. 6575 0,3408 OA 017 "0 0,0795 &862t Q:0583 The color
signal corrector 74 corrects those of the  color
signals Rtv, Btv, Gtv supplied from the primary color
converter 73 which cannot be displayed by the display
mechanism 76, and supplies the corrected color signals
to  the inherent i characteristics corrector 75.
Specifically, if the signal levels of the color
signals Rtv, Btv, Gtv supplied from the primary color
converter 73 are not  contained in the range of
signals levels of color signals  which cannot be
displayed by the display mechanism 76,  then the color
signal corrector 74 corrects the color  signals Rt,
Btv, Gtv into color signals having signal 51 S05PO935
levels which can be displayed by the display mechanism
76. For example, if the color signals Rtv, Btv, Gtv
supplied to the color signal corrector 74 are of
negative  values, then the color signal corrector 74
corrects the  color signals Rtv, Btv, Gt, into a value
of 0. If the signal levels of the color signals Rtvf
Bt,,,  Gtv supplied from the primary color converter
73 are color  signals which cannot be displayed by the
display  mechanism 76, then the color signal corrector
74 may  



correct the color signals Rt,,, Bt,,, Gt" into color
signals,  which have minimum color differences with
the color  signals Rt,,, Btvf Gtv, within a color
range which can be  displayed by the display mechanism
76. Alternatively, the  color signal corrector 74 may
correct the color signals  Rt,, Btv, Gtv into color
signals that keeps luminance, but  has lower
saturation. The inherent y characteristics corrector
75  converts the color signals Rt,, Gtv, Btv supplied
from the  color signal corrector 74 into color signals
Rrty, G't,"  B't, for the display mechanism 76 in
order to inherent  correct y characteristics in the
display mechanism 76 of  the television receiver 70,
and supplies the-color  signals R'tv, G'tv, B'tv to
the D/A converter 44. The D/A converter 44 converts
the digital color 52 S05PO935 signals R'tv, G'tv, B'tv
supplied from the inherent y  characteristics
corrector 75 into analog color signals  R'tv, G'tv,
Btv- and supplies the analog color signals R'tv,
G'tv, B'tv to the display mechanism 76. The display
mechanism 76 includes a CRT or the like,  and displays
an image based on the color signals R'tv, G'tv,  B'tv
supplied from the D/A converter 44. The display
mechanism 76 according to the present invention is
arranged to express, i.e., display, colors in a wider



color range than the display mechanism 45 shown in
FIG. 3. An image display process performed by the
television receiver 70 shown in FIG. 14 will be
described  below with reference to FIG. 15. In step
S21 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',,,709 and color difference signals Cb'ex709, Cr'
ex709  which are produced from the decoded data, to
the  luminance and color difference signal converter
71. Then,  control goes to step S22. In step S22, the
luminance and color difference  signal converter 71
converts the luminance signal Y'ex7o9  and the color
difference signals Cb'ex7o9, Cr'ex709 supplied 53
S05P0935 from the image signal input unit 41 into
color signals R',x709f G'..709, B',.-7og according to
the equation (8) , and  supplies the color signals
R',,709, Glex,7()gr B',,709 to the  inverse
photoelectric transducer 72. Then, control goes  to
step S23. In step S23, the inverse photoelectric
transducer  72 converts the color signals R'ex709r
G'ex709,. B'ex709  supplied from the luminance and
color difference signal  converter 71 into color
signals R,x709, Gex7og, Bex7O9  



according to the equation (9), and supplies the color
signals R,,,-109, Gex709, Bex709 to the primary color
converter  73. Then, control goes to step S24. In step
S24, the primary color converter 73 converts the color
signals Rex709r Gex?ogr Bex709 supplied from the
inverse photoelectric transducer 72 into color
signals Rt~,, Gtv, Btv based on the primary colors of
the  display mechanism 76, and supplies the color
signals Rt,,  Gtv, Bt, to the color signal corrector
74. Then, control  goes to step S25. In step S25, the
color signal corrector 74 corrects those of the color
signals Rtv, GtVf supplied from the Btv, 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 54
S05P0935 inherent y corrector 75. Then, control goes
to step S26.  In step S26, the inherent y corrector 75
converts the color signals Rt,,, Gt,,, Bt, supplied
from the color  signal corrector 74 into color signals
R'tv, G't,, B'tv  according to the y characteristics
inherent in the  television receiver 70, and supplies
the color signals  



R'tv- G'tv, B'tv to the D/A converter 44. Then,
control  goes to step S27. In step S27, the D/A
converter 44 converts the  digital color signals
R't,,, G't,,, B't" supplied from the  inherent y
corrector 75 into analog color signals R'tv,  G't,,,
B't,,, and supplies the analog color signals R'tv,
G'tv,  B'tv to the display mechanism 76. Then, control
goes to  step 528. In step 528, the display mechanism
76 displays an  image based on the color signals
R't,,, G'tv, B't" supplied  from the D/A converter 44.
Thereafter, control goes back  to step S21 to repeat
the image displaying process. Flows of signals until
an image captured by the  video camera I is displayed
by the display mechanism 70  will briefly be described
below with reference to FIG. 16.  The arrows in FIG.
16 represent processes such as  conversion processes
on the signals. Processes 81 through 83 are performed
by the video 55 SOSP0935 camera 1, and processes 91
through 94 are performed by  the television receiver
70. An image captured by the image capturing unit 61
of  the video camera 60 is converted by the A/D
converter 23  and supplied as color signals R,,,, Gexr
B,x based on the  primary colors of the image
capturing unit 61 (see FIG.  



12) to the primary color converter 62, which converts
the  color signals R,~x, Gex, B,,~ into color signals
Rex?ogr Gex709r  Bex7og based on the primary colors
under BT.709 (the  process 81). Thereafter, the color
signals Re,,709, Gex?ogr Bex7og are  converted by the
photoelectric transducer 63 into color  signals
Rlex709j, G'ex709, BFex7og according to the
photoelectric transducer characteristics of the
present  invention (the process 82). The color signals
R',.709,  G'ex7cqj B'ex-jog are converted by the color
signal converter  64 into a luminance signal Y',,.?()g
and color difference  signals Cb'e-,709, CrI.,,709
according to the present invention  (the process 83)
The luminance signal Y',x7()g and the  color
difference signals Cb',?,,709, Cryex7og are encoded by
the encoder 28 into encoded data, which are recorded
by  the recorder 30 or transmitted through the network
12. In the television receiver 70, the encoded data
supplied from the video camera 60 are decoded into a
56 S05P0935 luminance signal Y'ex709 and color
difference signals  Cb'e.709, Cr..709 according to the
present invention. The  luminance signal Y',,7og and
the color difference signals Cb'e.709, Cr'e.709 are
converted by the luminance and color difference signal
converter 71 into color signals R',,,-7c)g,  



G'e.709, B' eX7og based on the photoelectric
transducer  characteristics according to the present
invention (the process 91). Specifically, the
luminance signal Y ex709 and the color difference
signals cbyex709, Crlex,7og are  converted back into
the color signals R'ex,7og, G'ex7D9r  B',.709
generated by the photoelectric transducer 63 of the
video camera 63. Thereafter, the color signals
R',,709r G'ex7ogj, B'ex709  are converted by the
inverse photoelectric transducer 72  into color
signals Rex7og, Gex709, B,.7og based on the primary
colors of BT.709, which are generated by the primary
color converter 63 of the video camera 60 (the process
92). The color signals R. Gex7o9j, Bex7C9 are then
x709r converted by the primary color converter 73 into
color  signals Rtv, Gt,, Bt, based on the primary
colors of the  display mechanism 76 (see FIG. 14) (the
process 93). The color signals Rt, Gtv, Btv are
convert.ed by the  inherent -y corrector 75 into color
signals R't,, G't,,,B'tv  I 57 S05PO935 according to
the y characteristics inherent in the television
receiver 70 (the process 94). An image is  



displayed based on the color signals R'tv, G'tv, B'tv
by  the display mechanism 76. As described above, the
video camera 60 and the  television receiver 70 can
reproduce colors in a wide  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
television  receiver according to BT.709, then an
image can be  displayed by the television receiver in
the color range  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 58 S05PO935 color converter 62, the
photoelectric transducer 63, and  the color signal
converter 64 can also be implemented by  



a three-dimensional LUT. In the television receiver
70, each of the  luminance and color difference signal
converter 71 and  the primary color converter 73 can
be implemented by a  circuit for calculating a 3 x 3
matrix, and each of the  inverse photoelectric
transducer 72 and the inherent y  corrector 75 can be
implemented by a one-dimensional LUT.  All of the
luminance and color difference signal  converter 71,
the inverse photoelectric transducer 72,  the primary
color. converter 73, and the inherent y  corrector 75
can also be implemented by a three- dimensional LUT.
In the present embodiment, the range of negative
values of the photoelectric transducer characteristics
according to the present invention is provided as an
expansion of the photoelectric transducer
characteristics  according to BT.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 origin.
59 S05PO935 Rather, the range of negative values of
the photoelectric  transducer characteristics
according to the present  



invention may be an expansion in a negative range of
the  photoelectric transducer characteristics
according to  ITU-R BT.1361, for example. In the
present embodiment, the present invention is  applied
to an expansion of BT.709. However, the present
invention is 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): Y O2000. b500. a .1140.  -0.1687
.3313 .5000 0 -0.4181 -0, 081 Similar expansions may
be applicable to other  standards wherein a color
difference signal in a certain  numerical range is
assigned to an integral value in an  integral range
which is smaller than an integral range  that can be
expressed by a plurality of bits. The above processing
sequence may be performed by 60 S05P0935 either
hardware or software. If the processing sequence is
performed by software,  



then a software program is downloaded from a recording
medium into a computer of dedicated hardware or a
general-purpose personal computer 100 shown in FIG. 17
which is capable of performing various functions based
on  programs installed therein. 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 user as being  incorporated in the personal
computer 100. The personal computer 100 has a CPU 101
for  controlling overall operation of the personal
computer  100. When the CPU 101 is supplied with an
instruction  from the user through an input unit 106
having a keyboard  and a mouse via a bus 104 and
input/output interface 105,  the CPU 101 executes a
program stored in a ROM (Read Only 61 S05PO935 Memory)
102. Alternatively, the CPU 101 loads a program  which
is read from the magnetic disk 111, the optical  



disk 112, the magneto-optical disk 113 or the
semiconductor memory 114 which is connected to a drive
110 and installed in the recorder 109, into a RAM
(Random  Access Memory) 103, and executes the loaded
program. The  CPU 101 outputs data obtained by the
execution of the  program to an output unit 107 having
a display and a  speaker. The CPU 101 acquires data
form the input unit  106 which also has a tuner, a
camera, or a microphone.  The CPU 101 also controls a
communication unit 108 to  communicate with an
external circuit and 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 limited  any communication processes. For example,
the  communication unit 108 may operate based on a
wireless  LAN (Local Area Network) according to any of
various  processes such as the IEEE (The Institute of
Electrical  and Electronic Engineers, Inc.) 802.11a or
802.1b or  Bluetooth for wireless communications. The
communication  unit 108 may also operate according to
any of various  processes such as Ethernet (registered
trademark), USB, 62 S05P0935 or IEEE1394 for wired
communications. The program for performing the above
processing  



sequence may be installed into the computer through a
wired or wireless communication medium such as a local
area network, the Internet, a digital satellite
broadcasting medium via an interface such as a router,
a  modem, or the like, if necessary. In the present
specification, the steps that are  descriptive of the
program stored in the recording medium  include not
only processing details that are carried out
chronologically in the order of the steps, but also
processing details that are carried out parallel or
individually, rather than chronologically. 63 S05PO935
CLAIMS  1. A signal processing apparatus for
processing color signals and outputting a luminance
signal and color  difference signals, comprising: a
primary color converting unit 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 luminance 64 S05P0935 signal generated
by said color signal converting unit  into a luminance
signal according to said predetermined  standard, and
correcting the color difference signals  generated by
said color signal converting unit 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. 2. The signal processing
apparatus according to  claim 1, wherein said
photoelectric transducer  characteristics 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 65 S0.5P0935 according to a predetermined
standard by which color  difference signals having a
first numerical range are  assigned to an integral
value in a first integral range  which is smaller than
an integral range which can be  expressed by a
plurality of bits, into second color  signals based on
primary colors according to said  predetermined
standard; converting said second color signals into
third  color signals according to photoelectric
transducer  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
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 66 S05P0935 plurality of bits. 5. A program
for enabling a computer to perform a  signal
processing process for processing color signals  and
outputting a luminance signal and color difference
signals, said signal processing process 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 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; converting said third color
signals into a  luminance. signal and color
difference. signals; and  correcting the luminance
signal generated by said 67 S05P0935 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. 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 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 68
S05PO935 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 expressed by said plurality of
bits; wherein said signal processing appara tus
comprises:  a luminance 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 into 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; .69
S05PO935 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. 7. The signal processing
apparatus according to  claim 6, wherein said
photoelectric transducer  characteristics are in point
symmetry with respect to an  origin. 8. The signal
processing apparatus according to claim 6, wherein all
of said luminance and color  difference signal
converting unit, said characteristics  converting
unit, and said primary color converting unit  



comprise a single look up table. 9. A signal
processing method performed by 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 70 S05PO935
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 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 71 S05PO935 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 signals in  a numerical range
which can be displayed by a display  mechanism for
displaying an image. 10. A program for enabling a
computer to perform a  signal processing process for
processing a luminance  signal and color difference
signals and outputting color  



signals, wherein said luminance signal and 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 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 72
S05PO935 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 expressed by said plurality of
bits; wherein said signal processing 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 73 S05PO935 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. 74 S05P0935 ABSTRACT  It is an
object of the present invention to provide signals
which allow colors in a wider color range than
predetermined standards, which can be handled by
apparatus according to such predetermined standards. A



primary color converter 62 converts first color
signals  having primary color 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  photoelectric
transducer characteristics defined in a  numerical
range wider than a range from 0 to 1.0 of color
signals corresponding to a luminance signal and color
difference signals according to BT.709. A color signal
converter 64 converts the third color signals into a
luminance signal and color difference signals. A
corrector 64A incorporated in the color signal
converter  corrects the color difference signals into
color  difference signals in a range from -0.57 to
0.56  containing 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 75 S05PO935 invention is
applicable to a video camera, for example. 76 505PO935
FIG. 1: 1: VIDEO CAMERA. 



FIG. 2: 1: VIDEO CAMERA  21: OPERATION UNIT 22: IMAGE
CAPTURING UNIT  23: A/D CONVERTER 24: PRIMARY COLOR
CONVERTER  25: COLOR SIGNAL CORRECTOR  26:
PHOTOELECTRIC TRANSDUCER  27: COLOR SIGNAL CONVERTER
28: ENCODER 29: CONTROLLER  30: RECORDER 31:
COMMUNICATION UNIT FIG. 3: 2: TELEVISION RECEIVER 41:
IMAGE SIGNAL INPUT UNIT 42: LUMINANCE AND COLOR
DIFFERENCE SIGNAL CONVERTER  43: INHERENT y CORRECTOR
44: D/A CONVERTER 45: DISPLAY MECHANISM FIG. 4: 77
S05P0935 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)  OUTPUT SIGNAL
INPUT SIGNAL SAME AS ITU-R BT.709 78 S05P0935
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: VIDEO 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 79 S05P0935
30: RECORDER 31: COMMUNICATION UNIT FIG. 13: START OF
IMAGE CAPTURING AND RECORDING PROCESS  Si: ACQUIRE
IMAGE SIGNAL S2: 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 INTO LUMINANCE SIGNAL AND
COLOR  DIFFERENCE SIGNAL S6: CORRECT INVALID LUMINANCE
SIGNAL AND INVALID COLOR  DIFFERENCE SIGNAL S7: ENCODE
SIGNAL  S8: RECORD SIGNAL S9: REQUEST TO STOP
RECORDING ? END FIG. 14 : 70: TELEVISION RECEIVER 41:
IMAGE SIGNAL INPUT UNIT 71: LUMINANCE AND COLOR
DIFFERENCE SIGNAL CONVERTER  72: INVERSE PHOTOELECTIC
TRANSDUCER 73: PRIMARY COLOR CONVERTER  74: COLOR
SIGNAL CORRECTOR 80 505P0935 75: INHERENT T CORRECTOR
44: D/A CONVERTER 76: DISPLAY MECHANISM FIG. 15: START
OF IMAGE DISPLAYING PROCESS  S21: ACQUIRE IMAGE SIGNAL
S22: CONVERT LUMINANCE SIGNAL AND COLOR DIFFERENCE
SIGNAL  INTO COLOR SIGNAL S23: INVERSELY CORRECT COLOR
SIGNAL ACCORDING TO  



PHOTOELECTRIC TRANSDUCER CHARACTERISTICS  S24: CONVERT
PRIMARY COLORS S25: CORRECT UNDISPLAYABLE COLOR SIGNAL
S26: CORRECT COLOR SIGNAL ACCORDING TO INHERENT  y
CHARACTERISTICS S27: CONVERT DIGITAL IMAGE SIGNAL INTO
ANALOG IMAGE  SIGNAL S28: DISPLAY IMAGE FIG. 17: 100:
PERSONAL COMPUTER  104: INTERNAL BUS 105: INPUT/OUTPUT
INTERFACE  106: INPUT UNIT 107: OUTPUT UNIT 108:
COMMUNICATION UNIT 81 S05P0935 109: RECORDER 110:
DRIVE 82 






