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quality. On the other hand, when digital interfacing for units This
invention relates to a color television camera  associated with a D1/D2
format digital video system is and, more particularly, to a color
television camera in  loaded on a solid state image pickup system employing
which a digital signal processing is performed on output  5  the solid
state image sensor having the discrete pixel signals of an imaging or image
pickup device.       structure, such as CCD, the digital rate is increased
ex- In a conventional solid-state imaging system in  cessively if the
sampling rate of the digital interface unit which a solid-state image
sensor having a discrete pixel    is set to 2fs, while the standards for
digital interfacing are structure constituted by charge coupled devices
(CCDs)  also not satisfied. In addition, use of the sampling rate is used
in an imaging section, since the solid-state image  10 for the digital
processing system meeting with existing sensor itself constitutes a
sampling system, aliasing  standards, such as D1/D2 format results in
deteriorated components from the spatial sampling frequency fs are
resolution as compared to the solid state image pickup mixed in a known
manner into image pickup output sig-  system dedicated to analog processing
in case of using nals from the solid-state image sensor.            the
analog output directly. In a color television camera adapted for forming a
15    It isa principal aim of the present invention to provide color image,
a two CCD type solid-state imaging appa-  a color television camera which
meets signal standards ratus for forming a three prime color image by a
sol-    for digital video or associated equipment and exhibits a id-state
image sensor for forming a green color image  superior modulation transfer
function (MTF) while allow- and asolid-state image sensor having
colorcodingfilters  ing to produce high quality digital composite video
sig- for forming red color and blue color images, or a three  20 nals
containing a lesser amount of aliasing components. CCD type solid-state
imaging apparatus for forming a   It is another aim of the present
invention to provide three prime color Image by separate solid-state image
a colour television camera which allows to produce high sensors, have been
put to practical use.            resolution composite video signals without
unnecessar- A known technique for improving the resolution in    ily
suppressing colour signals or without concomitant the three CCD type solid
state imaging apparatus, is the  25 generation of harmonic distortion of
the colour sub-car- so-called spatial offsetting technique, according to
which  rier waves. the solid-state image sensors for forming the red color
According to the present invention there is provided image and the blue
color image are arrayed with an offset  a colour television camera having
image pickup means equal to one half the spatial pixel sampling period with
for outputting three primary colour image pickup signals respect to the
solid-state image sensor for forming the  30 at a predetermined rate fs,
the colour television camera green color image. If this spatial offsetting
technique is  comprising: resorted to, it becomes possible with the analog
output three COD solid state imaging apparatus to realize a high
analog/digital converting means for digitising output resolution surpassing
the restrictions imposed by the  signals from the image pickup means at a
clock rate number of pixels of the solid-state image sensor.  35   equal to
the rate fs, In a color television camera in which output signals  first
rate converting means for interpolating and con- of solid state image
pickup devices are digitized, the dig-  verting output signals from the
analog/digital con- itizing operation is performed at a clock rate fs which
is  verting means intothree primary colour digital image about four times
the color subcarrier frequency fsc    pickup signals having a rate equal to
2fs which is (f=4fsc) and, for eliminating adverse effects caused by  40
twice the rate fs, and high harmonics of the colorsubcarrierfrequency fsc,
the  luminance signal forming means supplied with the output frequency band
of the composite video signals,  output signals of the first rate
converting means and obtained upon mixing the luminance signal Y with mod-
adapted for forming a 2fs rate digital luminance sig- ulated color
difference signal MOD.C, is limited to not  nal from the 2fs rate three
prime colour digital image more than 2fsc.
45     pickup signal, characterised by: The color television camera in
which the output sig-  colour difference signal forming means supplied nals
of the solid state image pickup devices are digitized  with the output
signals of the first rate converting in known for example from US-A-
4490738.               means and adapted for formingfs rate digital colour
Meanwhile, for improving the picture quality of the  difference signals
from the 2fs rate digital three pri- television images, attempts have been
made towards in- 50  mary colour image pickup signals, creasing the
bandwidth of the television signals. Howev-  modulating means supplied with
output signals from er, with the color television camera in which the image
the colour difference signal forming means and pickup output of solid state
image sensors having a dis-  adapted for modulating the fs rate digital
colour dif- crete pixel structure, such as CCDs, the color signal  ference
signals, components are restricted unnecessarily, if the output 55  second
rate converting means for converting the band of the composite video
signals is increased to more  digital colour difference signals modulated
by the than 2fsc, with resulting harmonic distortion in the color
modulating means into 2fs rate modulated digital subcarrier frequency and
deterioration in the picture  colour difference signals, 2   
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signal forming means for forming a  evision camera shown in Fig. 1. 2fs
rate digital composite video signal from the 2fs rate digital luminance
signal output from the lumi-  Fig. 5 is a chart showing other frequency
character- nance signal forming means and the 2ts rate mod-   istics of the
interpolating digital filter used in the color ulated digital colour
difference signals,    5      television camera shown in Fig. 1.
digital/analog converting means for converting an output signal from the
composite video signal form-  Figs. 6 Ato J are diagrammatic views for
illustrating ing means into an analog form, and                  the
operation of the color television camera of the a low-pass filter supplied
with the output signal from  PAL system to which the present invention is
the digita/analog converting means and adapted to  10  applied. pass a
signal Fig. 7 is a chart showing frequency characteristics component of a
frequency lower than the frequency fs.  of an interpolating digital filter
used in the color tel- The present invention also provides a colour televi-
evision camera of the PAL system to which the sion camera having image
pickup means for outputting  15  present invention is applied. three
primary colour image pickup signals at a predeter- mined rate fs, the
colour television camera comprising:  Fig. 8 is a chart showing other
frequency character- istics of the interpolating digital filter used in the
color analog/digital converting means for digitising output  television
camera of the PAL system to which the signals from the image pickup means
at a clock rate  20  present invention is applied. equal to the rate fs,
first rate converting meansfor interpolating and con-  Fig. 9 is a block
diagram showing amodified embod- verting output signals from the
analog/digital con-  iment of the color television camera of the present
verting means into three primary colour image       invention. pickup
digital signals having a rate equal to 2fs which  25 is twice the rate fs,
and                           Fig. 10 is a block diagram showing a detailed
con- signal processing means supplied with output sig-   struction of a
signal processor of the colortelevision nals from the first rate converting
means and       camera shown in Fig. 9. adapted for forming 2fs rate
digital composite video signals from the 2fs rate three primary colour
image  30  Fig. 11 is a block diagram showing a detailed struc- pickup
digital signals, characterised by:           ture of a color encoderof the
colortelevision camera a digital low-pass filter supplied with output
signals  shown in Fig. 9. from the signal processing means and adapted for
limiting the pass band of the 2fs rate digital compos-  Figs. 12 Ato I are
diagrammatic views for illustrating its video signals to fs/2 and
35    the operation of the color television camera shown second rate
converting means supplied with output  in Fig. 9. signals from said digital
low-pass filter and adapted for converting the rate of the pass band
limited 2fs  An embodiment of a color television camera appa- rate digital
composite video signals to fs.     ratus according to the present invention
will be hereinaf- 40 ter explained by referring to the accompanying
drawings. The present invention will befurtherdescribed here-  The
colortelevision camera according tothe present inafter with reference to
the following description of ex-  invention is constructed as shown in Fig.
1. emplary embodiments and the accompanying drawings,     The color
television camera shown in Fig. 1 is a color in which:
television camera of the NTSC system in which the 45 present invention is
applied to a three-plate type solid Fig. 1 is a block diagram showing an
embodiment of  state imaging apparatus in which an imaging light Li in- a
color television camera of the present invention.  cident from an imaging
lens 1 via optical low-pass filter 2 is separated by a color separating
prism 3 into three Fig. 2 is a diagrammatic view showing a relative
prime-color light components for imaging  three array of the solid state
image pickup devices of the  50 prime-color images of the object on three
CCD image color television camera shown in Fig. 1.        sensors 4R, 4G
and 4B. In the present embodiment, the three CCD image Figs. 3 A to J are
diagrammatic views for illustrating  sensors 4R, 4G and 4B constituting an
imaging section the operation of the color television camera shown  of the
color television camera are so arrayed that the in Fig. 1.
55 CCD image sensor 4R for imaging the red color image and the CCD image
sensor 4B for imaging the blue color Fig. 4 is a chart showing frequency
characteristics  image are offset with respect to the CCD image sensor of
an interpolating digital filter used in the color tel-  4G for imaging the
green color image by one half the 3  
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[err] or 1/2 [err], in accordance with    the sampling rate fs, and the
interpolating sections 7R, the aforementioned spatial offsetting technique,
as  7G and 7B for interpolating the digital color signals DR[err] shown in
Fig. 2. The three CCD image sensors 4R, 4G  [err]. and [err] from the A/D
converters 6R, 6G and 6B to and 4B are driven by a CCD driving circuit, not
shown,    form the digital color signals [err] and [err] having so that the
imaging charges of the pixels are read by  6  the clock rate 2fs twice the
sampling rate fs, constitute read-outclocks of asamplingfrequencyfs which
is equal    image pickup signal generating means for outputting the to four
times the color subcarrier frequency fsc, or 4fsc.  digital color signals
[err] and [err] as the 2fs rate The three-CCD image sensors 4R, 4G and 4B,
op-    three prime color digital output signals having the fre- erating
under the principle of the above mentioned spa-  quency distribution shown
at B in Fig. 3. tial offsetting technique, perform spatial sampling of the
10    It will be noted that, although the three prime color three prime
color images of the object image in such a  image pickup output signals
[err] and [err] from the manner that the CCD image sensor 4G for green
color  COD image sensors 4R,4G and 4B, operating under the image pickup on
one hand and the CCD image sensors  principle of spatial offsetting, cannot
be puttodirectarith- 4R and 4B for red color image pickup and blue color
im-  metic operation, since the green color image pickup out- age pickup on
the other will perform spatial sampling at 15 put signal [err] is
phase-offset by [err] from the red color im- positions offset from each
other by [err]/2. Thus the com-  age pickup output signal SR[err] and the
blue color image ponent of the sampling frequency fs of the green color
pickup output signal [err] as described previously. How- image pickup
output signal [err] by the CCD image sen-  ever, these prime color signals
are interpolated at the in- sor [err] on one hand and the components of the
sampling  terpolating sections 7R, 7G and 7B into phase-matched frequency
fs of the red color image pickup output signal 20 2fs rate digital color
signals [err] and [err] which [err] and the blue color image pickup output
signal [err] by  may be put to digital processing by the downstream side
the CCD image sensors 4R, 4B, on the other, are in an-  processing
operation. tiphase relative to each other, as may be seen from the
Alternatively, the above described image pickup sig- signal spectra of the
three prime color image pickup out-    nal generating means may be so
implemented that, by put signals [err] and [err] by the CCD image sensors
25 using a solid-state image sensor with a number of pixels 4R, 4G and 4B,
shown at A in Fig. 3.              large enough to assure a high resolution
without resort- The image pickup output signals [err] and [err]    ing to
spatial offsetting as the image pickup section, the read out from the CCD
image sensors 4R, 4G and 4B by  2fs-rate three prime color image pickup
digital output sig- readout clocks of the sampling frequency 4fsc, are
trans-  nals may be generated from the A/D converter without mitted to
analog/digital (A/D) converters 6R, 6G and 6B  30 the necessity of
performing the above mentioned inter- via buffer amplifiers 5R, 5G and 5B,
respectively.  polating operation. Each of these A/D converters 6R, 6G and
6B is sup-  The 2fs rate digital color signals [err] and [err] plied, from
a timing generator, not shown, with clocks  from the interpolating sections
7R, 7G and 7B constitut- having the clock rate equal to the sampling rate
fs of the  ing the image pickup signal generating means are sup- image
pickup output signals [err] and [err] that is the  35 plied to a matrix
circuit 8. clocks having the clock frequency fs=4fsc equal to that  The
matrix circuit 8 performs a matrix operation on of the readout clocks for
the CCD image sensors 4R, 4G  the 2fs rate digital color signals [err] and
[err] to and 4B. The A/D converters 6R, 6G and 6B directly dig-  generate a
2fs rate digital luminance signal [err] and fs itize the image pickup
output signals [err] and [err] at  rate digital color difference signals
[err] and [err] in the the clock rate fs equal to4fsc to produce digital
color sig- 40 matrix circuit 8, the 2 fs rate digital color signals DR..,
nals [err] and [err] having output spectra which are  [err] and [err] are
subjected to downsampling by means the same as the spectra of the image
pickup output sig-  of a pre-filter having a zero point at least the
frequency nals [err] and [err] shown at A in Fig. 3.      fs to produce the
fs rate digital color difference signals The digital color signals [err]
and [err] obtained  [err] and [err] at the A/D converters 6R, 6G and 6B,
are transmitted  45  The 2fs rate digital luminance signal [err] is
supplied interpolating sections 7R, 7G and 7R, respectively.  by the matrix
circuit 8 to a summation circuit 14 by way These interpolating sections 7R,
7G and 7B interpo-  of a delay circuit 9 before being outputted at a signal
out- late the image pickup output signals [err] and [err] of  put terminal
21. On the other hand, the 2fs rate digital the clock rate fs to produce
digital color signals [err] [err]  color signals [err] and [err] are
subjected at the and [err] having a clock rate 2fs which is twice the clock
50 matrix circuit 8 to downsampling to form the fs rate digital rate fs.
color difference signals [err] and [err], which are sup- That is, with the
present color television camera ap-  plied to a modulator 12 by way of
low-pass filters 10 and paratus, the three CCD image sensors 4R, 4G and 4B,
11. operating under the principle of the spatial offsetting  The modulator
12 performs a modulating operation technique, the analog/digital (A/D)
converters 6R, 6G  55 in which the color subcarrier is subjected to
orthogonal and 6B digitizing the image pickup output signals [err]
biaxial modulation by the digital color difference signals [err] and [err]
read out at the sampling rate fs from the  [err] and [err] having the
signal spectrum shown at D in CCD image sensors 4R, 4G and 4B at a rate fs
equal to  Fig. 3, which color difference signals are supplied from 4 
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by way of the low pass filters 10 and  and hence the filter characteristics
as shown in Fig. 5, 11.                                                 may
be employed. The modulated fs-rate color difference signals      The
summation circuit 14 sums the 2fs-rate modu- MOD.C* from the modulating
circuit 12 are modulated  latedcolordifference signals MOD.C**from the
ratecon- color signals exhibiting a frequency distribution contain-  5
verting circuit 13 to the 2fs-rate digital luminance signal ing odd
harmonics of the color subcarrier frequency fsc  [err] supplied thereto
from the matrix circuit 8 by way of as shown at E in Fig. 3. The modulated
fs rate color dif-    the delay circuit 9 to produce 2fs-rate digital
composite ference signals MOD.C* from the modulator 11 are sup-  video
signals [err] having the frequency distribution plied by way of a rate
converting circuit 13 to the sum-  shown at H in Fig. 3. These 2fs-rate
digital composite mation circuit 14 while also being outputted at a signal
10 video signals [err] are supplied to the digita/analog output terminal
22.                                (D/A) converter 15. It will be noted
that the modulated fs-rate color dif-  Meanwhile, the delay circuit 9
provides to the digital ference signals MOD.C*, produced by the modulator
12,  luminance signal [err] a delay corresponding to the contain odd
harmonics of the color subcarrier frequency  processing time necessary to
form the 2fs-rate modulat- fsc, as described previously, so that, if the
signals  15 ed color difference signal MOD.C** from the digital dif- MOD.C*
remain as they are, the 3fs frequency compo-  ference signals [err] and
DC2. outputted from the matrix nent thereof will affect the composite video
signals.  circuit 8. Thus the rate converting circuit 13 processes the
The 2fs-rate digital composite video signals [err] fs-rate modulated color
difference signal MOD.C* from  are converted by the D/A converter 15 into
correspond- the modulator 12 by digital filtering by extracting the fsc  20
ing analog composite signals of the NTSC system, which frequency component
and the 7fs frequency component  are then outputted at signal output
terminal 23 by way of by the filtering characteristics shown at F in Fig. 3
for  a post filter 16 having low-pass filter characteristics generating the
modulated color difference signal    shown at I in Fig. 3 to pass the
frequency components MOD.C* having the rate 2fs corresponding to the fre-
of approximately 4fc, that is, the frequency components quency Bfsc and the
frequency distribution shown at G  25  lower than fs. in Fig. 3. The rate
converting circuit 13 is constituted by  Since the above mentioned analog
composite video a digital filter exhibiting filter characteristics which
allow  signals CS outputted from the signal output terminal 23 the passage
of the color subcarrier frequency fsc and  have been converted from the 2fs
rate digital composite inhibit the passage of the frequency component
fs-fsc.  video signals [err] the bandwidth of the luminance sig- The
digital filter employed in the rate converting circuit 30 nal Y is enlarged
up to the frequency 4fc, orfs, as shown 13 need only be of filter
characteristics such that the dif-  at J in Fig. 3, to provide an image of
high resolution. ferential coefficient becomes zero at the frequency fsc
On the other hand, the 2fs rate modulated color dif- and at least one zero
point exists in the vicinity of the  ference signal MOD.C**, generated in
the rate convert- frequency fs-fsc. In the case of the NTSC system color
ing circuit 13, has been formed by interpolation by a dig- television
camera, as in the present embodiment, such  35  ital filter having filter
characteristics which allowthe pas- filters having the transfer function
[err] (z) given by the for-  sage of the color subcarrier frequency fsc
component mula (1)                                            and inhibit
the passage of the fs-fc frequency compo- ([err])
40 video signal CS, formed by converting the 2fs-rate digital composite
video signal [err] obtained by summing the and hence the filter
characteristics as shown in Fig. 4, or  2fs-rate modulated color difference
signal MOD.C** to having the transfer functions [err] or [err])    the
2fs-rate digital luminance signal [err], into a corre- given by the formula
(2) to (5)                     sponding analog form, is free from harmonic
distortion [err]    9                 EP0420612 B1                     10
present invention may also be applied to a color televi-  nals MOD.C** into
the 2fs rate modulated color differ- sion camera of the PAL system as shown
in the signal  ence signal MOD.C**, such filter may be employed spectrum
diagram of Fig. 6 corresponding to the signal  which, with fs=908[err], for
example, has filter characteris- spectrum diagram of Fig. 3 to which
reference has been  tics shown in Fig. 7 by the transfer function Ha(z)
given made above for explaining the operation of the color tel-  5  by the
formula (6) evision apparatus of the NTSC system.
1   -6  -4  -3  -2 That is, in the color television camera apparatus of
[err] the PAL system, the signal spectrum of the image pickup  or which,
with fs=944[err], has filter characteristics fb output signals [err] and
[err] read out at the readout  shown in Fig. 8 by a transfer function Hb(z)
given by clocks of the sampling frequencyfs from the CCD image  10
[err] sensors operating under the principle of spatial offset-    [err] 



ting, is as shown at A in Fig. 6. In the present PAL system color
television camera     (7) apparatus, the sampling frequency fs is set to
908 or 944  With the above described color television camera times the
horizontal scanning frequency [err] in the PAL  15 apparatus of the present
invention, image pickup signal system, for example instead of to four times
the color  generating means generate the 2 fs rate digital three subcarrier
f requency fsc in the PAL system.        prime color image pickup signals,
which are then trans- The image pickup output signals [err] and [err] are
mited to luminance signal generating means and color digitized at the rate
fs equal to the sampling frequency  difference signal generating means,
whereby the digital fs and, by digital interpolation, are converted into
2fs rate  20  luminance signal and the digital color difference signal
digital color signals [err] and [err] havingthe signal  may be formed from
the 2fs rate three prime color digital spectrum shown at B in Fig. 6.
image pickup signals. From the 2fs-rate digital color signals [err] and
The image pickup signal generating means are [err]  2fs rate digital
luminance signals [err] and fs rate  formed by image pickup sections in
which the solid-state digital color difference signals [err]. and [err] are
pro- 25 image sensor for green color image pickup on one hand duced by
matrix operation, as shown at C in Fig. 6.  and the solid-state image
sensors for red color image The fs rate digital color difference signals
[err] and  pickup and blue color image pickup on the other are ar- [err]
are freed of frequency components shown at D in  rayed with spatial offset
equal to one half the pitch of the Fig. 6 by a chroma filter and the color
subcarrier in mod-  pixel repetition to improve the resolution by the above
ulated by PAL system modulating means in accordance  30 mentioned spatial
offsetting technique. The three prime with the orthogonal biaxial
modulation to produce the fs  color image pickup signal, read out at the
sampling rate rate modulated color difference signals MOD.C* having  fs
from the solid-state image sensors, are digitized by the signal spectrum
shown at E in Fig. 6.           analog/digital converting means at the
clock rate equal The fs rate modulated color difference signal    to the
sampling rate Fs to generate the three prime color MOD.C* is converted, by
a digital interpolation by a dig- 35 digital image pickup output signal,
which is then convert- ital filter having filter characteristics of
inhibiting the fs-fsc  ed by rate conversion and interpolation into 21s
rate three frequency component as shown at F in Fig. 6, into a 2fs  prime
color digital image pickup output signal to produce rate modulated color
difference signal MOD.C** having  phase-matched 2fs rate three color
digital image pickup the signal spectrum as shown at G in Fig. 6.
output signal. This 2fs rate modulated color difference signal 40  The
broad range digital luminance signal may be MOD.C** and the aforementioned
2fs rate digital lumi-    formed from the 2fs rate three color digital
image pickup nance signal are summed together to produce a 2fs dig-  signal
at the luminance signal forming means at a rate ital composite video signal
[err] having the signal spec-  equal to 2fs. trum shown at H in Fig. 6.
The color difference signal generating means proc- The 2fs rate digital
composite video signal [err] is 45 esses the 2fs rate three prime color
digital image pickup converted by digital/analog converting means into a
cor-  signal from the image pickup signal generating means responding
analog signal, which is then passed through  by down-sampling to the rate
fs by means of a pre-filter a post filter having low-passfilter
characteristics of pass-  having a zero point at least the frequency fs to
produce ing the frequency components lower than fs as shown at  the fs-rate
digital color difference signal. I in Fig. 6 to produce a high resolution
analog composite  50  The fs-rate modulated color signal produced at the
video signal CS of the PAL system which is free from  modulating means,
supplied with the fs rate digital color aliasing components and in which
the bandwidth of the  difference signal from the color difference signal
gener- luminance signal Y has been extended up to fs, as shown  ating
means, is converted by rate converting means into at J in Fig. 6.
the 2fs rate modulated color difference signal, which are As the
digitalfifterwhich, when the present invention  55 supplied to the
composite video signal generating is applied to the PAL system color
television camera,  means, where the 2fs rate digital composite video
signal may be used for interpolation as rate converting means  may be
formed from the 2fs rate digital luminance signal for converting the fs
rate modulated color difference sig-  and the 2fs rate modulated color
difference signal. 6    11                EP 0 420 612 B1
12 The rate converting means may be constituted by a  image enhancement
data forming circuit 79 forms, from digital filter having filter
characteristics of passing the  the color data of the clock rate fs or 4fsc
obtained from color subcarrier frequency fsc component and inhibiting  the
A/D converters 6R and 6G, image enhancement data the fs-fsc frequency
component, such as a digital filter  DIE** having the clock rate twice the
clock rate fs, or the having filter characteristics such that the
differential co-  5  clock rate 2fs, or 8fsc. efficient is approximately
zero at the color subcarrier fre-  The image enhancement data forming
circuit 76 quency fsc and at least one zero point exists in the vicin-
transmits the image enhancement data [err] of the clock ity of the
frequency fs-fsc, to free the composite video  rate 2fs, or 8fsc, from the
image enhancement data form- signal of adverse effects by high harmonics of
the color    ing circuit 79, to the first summation circuits 73R, 73G
subcarrier.                                   10 and 73B and to the second
summation circuits 75R, 75G 



Thus, with the colortelevision camera apparatus ac-  and 75B. cording to
the present invention, the 2fs rate digital com-  The interpolating
sections 72R, 72G and 72B inter- posite video signal is formed from the 2fs
rate digital lu-  polate the color data [err] and [err]. of the clock rate
minance signal and the 2fs rate modulated color differ-    fs or4fsc from
the A/D converters 6R, 6G and 6B to form ence signal by the composite video
signal forming  15 color data [err] and [err] having the clock rate 2fs
means and the so-formed 2fs rate digital composite vid-  or 8fsc which is
twice the aforementioned clock rate fs. eo signal is converted into the
analog form by digital/an-  The interpolating sections 72R, 72G and 72B
transmit alog converting means to produce the analog composite    the 2fs
rate color data [err] and [err] to the first video signal capable of
providing a high resolution image  summation circuits 73R, 73G and 73B.
which is freed of harmonic distortion of the color subcar- 20  The first
summation circuits 73R, 73G and 73B op- rier and in which the bandwidth of
the luminance signal  erate to sum the 2fs rate image enhancement data
[err] has been enlarged to fs.                         from the image
enhancement section 76 to the 2fs rate Referring now to Fig. 9, a modified
embodiment of  color signals [err] and [err] from the interpolating the
color television camera of the present invention in    sections 72R, 72G
and 72B to perform an image en- which video signals of various types may be
outputted, 25 hancement. The first summation circuts 73R, 73G and will be
explained.                                73B transmit the image enhanced
color data [err] Various color data [err] and [err] obtained by the  and
[err] to the gamma correction circuits 74R, 74G and A/D converters 6R, 6G
and 6B are supplied, as in the  74B. embodiment shown in Fig. 1, to a
signal processing sec-  The gamma correction circuits 74R, 74G and 74B tion
57.                                      30 perform gamma correction on the
image enhanced color Fig. 10shows the concrete construction of the signal
data [err] and [err] from the first summation circuits processing section
57, which is constituted by interpo-  73R, 73G and 74B and transmit the
gamma corrected lating sections 72R, 72G and 72B, to which various color
color data [err] and [err] to the second summation data [err] and [err]
from the AID converters 6R, 6G  circuit 75R, 75G and 75B. and 6B are
supplied by way of delay circuits 71R, 71G  35  The second summation
circuits 75R, 75G and 75B and 71 B, first summation circuits 73R, 73G and
73B, to  operate to sum the 2fs rate image enhanced data [err] which
interpolated color data [err] and [err] are    from the image enhancement
section 76 to the gamma supplied from the interpolating section 72R, 72G
and  corrected color data [err] and [err] from the gamma 72B, gamma
compensating circuits 74R, 74G and 74B  correction circuits 74R, 74G and
74B to perform further to which summation output data are supplied from the
40 image enhancement. first summation circuits 73R, 73G and 73B, second
sum-  The signal processing section 57 thus outputs the mation circuits
75R, 75G and 75B, to which gamma com-  gamma corrected and image enhanced
2fs rate color pensated color data are supplied from these gamma  data
DR.., D[err]. and DB... These 2fs rate color data D[err] compensation
circuits 74R, 74G and 74B and an image  DG** and [err] outputted from the
signal processing sec- enhancement section 76, to which various color data
[err]  45 tion 57, are supplied to color encoder 58 and to digit- and [err]
from the A/D converters 6R and 6G are sup-  aVanalog converters 59R, 59G
and 59B. plied.                                               The A/D
converters 59R, 59G and 59B operate to The image enhancement section 76 is
constituted  convert the 2fs rate high resolution color data [err] by a
series connection of first and second 1 H delay cir-    and [err] from the
signal processing section 57 into an cults 77 and 78 and an image
enhancement dataforming  50 analog form tooutputthree prime color image
pickup an- circuit 79. Green color data [err] from the A/D converter  alog
output signals [err] GOUT and BOUT at signal out- 6G are directly supplied
to the image enhancement data  put terminals 60R, 60G and 60B. forming
circuit 79. The green colordata [err] arealso sup-  Fig. 11 shows a
concrete construction of the color plied to the image enhancement data
forming circuit 79  encoder 58 which is constituted by a matrix circuit 81
to by way of the 1 H delay circuit 77 and by way of the first 55 which the
2fs rate colordata [err] and [err] are sup- and second 1 H delay circuits
77 and 78. Red color data  plied from the signal processing section 57, a
delay cir- [err] from the A/D converter 6R are also directly supplied  cuit
82 to which luminance signal data [err] are supplied to the image
enhancement data forming circuit 79. The  from the matrix circuit 81,
low-pass filters 83, 84, 85 and 7    13                EP 0 420 612 B1
14 86 to which color difference signal data [err]  posite video signals
[err] *   and [err] are supplied from the matrix circuit 81, a mod-  The
output component color video data from the ulation circuit 87 to which the
signal D[err] and D[err]. are sup-  color encoder 58, that is the luminance
signal data D[err] plied from the matrix circuit 81 by way of the low-pass
and the color difference signal data [err] and [err] are filters 85 and 86,
an interpolating circuit 88towhich mod-  5  supplied to digital/analog
(D/A) converters 59Y, 59R-Y ulated output data are supplied from the
modulating cir-    and 59B-Y. cuit 87, and a summation circuit 89 to which
interpolated  The D/A converters 59Y, 59R-Y and 59B-Y operate output data
are supplied from the interpolating circuit 88  for converting the
luminance signal data DY** and the and also the luminance signal data Dy..
from the matrix  chrominance signal data [err] and [err] into the analog 



circuit 81 are supplied by way of the delay circuit 82.   10 form to output
the resulting analog component color vid- The matrix circuit 81 performs a
matrix operation on  eo signals [err] [err] and B-Y[err] at signal output
the 2fs rate color data [err] and [err] to produce the  terminals 60Y,
60R-Y and 60B-Y. 2fs rate luminance signal data [err] and the fs rate color
The digital composite video signals [err] outputted difference signal data
[err] and Do.. The 2fs    from the color encoder 58, are supplied to
digital/analog rate luminance signal data Dy.., generated in the matrix  15
(D/A) converters 59CS, while being also supplied to sig- circuit 81,
correspond to luminance signal Y** having a  nal output terminal 60DCs and
first adapter connection frequency distribution shown at B in Fig. 12. It
is noted  terminal 61. that the signal spectrum of the three-color image
pickup  The D/A converter 59CS operates for converting the output signals,
outputted from the CCD image sensors  2fs rate high resolution digital
composite video signals 4R, 4G and 4B, are shown at A in Fig. 12. The color
en- 20 [err] into an analog form to output the resulting analog coder 58
outputs, as the component color image data for  composite video signal
CSOUT at signal output terminal the color data [err] and [err] the
luminance signal  60CS. data [err] from the matrix circuit 81 by way of
delay circuit  The color television camera of the present embodi- 82, while
outputting the color differencesignal data [err]  ment also has an input
terminal 60[err] and an output ter- and [err] from matrix circuit 81 by way
of low pass filters 25 minal 60[err], both connected to a signal line for
voice 83 and 84. The delay circuit 82 provides delay charac-  signals
obtained at a microphone, not shown, and a sec- teristics corresponding to
the low-pass filters 83 and 84  ond adapter connection terminal 62. to the
luminance signal data [err]                    The present color television
camera apparatus also In the modulating circuit 87 of the color encoder 58,
has a camera adapter 90 which is detachably connected the signals [err] and
[err] supplied from the matrix circuit 30 and attached to a main camera
body 100 adapted for 81 by way of the low-pass filters 85 and 86, are modu-
outputting the aforementioned 2fs rate digital composite lated in
accordance with the rectangular biphase modu-  video signals [err] at
signal output terminal [err]. lation. The modulated output data from the
modulating  The camera adapter 90 is constituted by a digital circuit 87
correspond to the modulated color difference  low-pass filter 91, supplied
with the 2fs rate digital com- signal having a frequency distribution
containing odd  35 posite video signals [err] from the main camera
harmonics of the colorsubcarrierfrequencyfscasshown  body 100 by way of the
first adapter connection terminal at C in Fig. 12.
61, a rate converting circuit 92, supplied with the digital The
interpolating circuit 88 performs digital filtering  composite video
signals [err] by way of this digital on the modulated output datafrom the
modulating circuit    low-pass filter 91, an analog/digital (A/D) converter
93, 87 for extracting the fsc component and the 7 fsc com- 40 supplied with
microphone input voice signals from main ponent by the filtering
characteristics shown at D in Fig.  camera body 100 by way of the second
adapter connec- 12  to produce 2fs or8fsc modulated color difference sig-
tion terminal 62, a multiplexor circuit 94, adapted for se- nal data having
the frequency distribution shown at E in    lecting the converted output
data from the rate convert- Fig. 12.
ing circuit 92 or the converted output data from the A/D The color
encoder58operatestosumthe luminance  45 converter 93, and a parallel/serial
(P/S) converter 95 signal data [err] outputted by the matrix circuit 81 by
way  adapted for converting output data from the multiplexor of the delay
circuit 82, to the 2ts rate modulated color  circuit 94 into serial data.
difference signal data produced by the interpolating cir-  The digital
low-pass filter 91 has filtercharacteristics cuit 88, at the summation
circuit 89, to produce a digital    in which the pass band of the 2fs rate
digital composite composite video signal [err] having the frequency dis- 50
video signals [err] supplied thereto from the main tribution shown at F in
Fig. 12.                  camera body 100 by way of the first adapter
connection Thus the color encoder 58, which receives the 2fs    terminal
61, is limited to about less than fs/ 2, as shown rate gamma corrected and
image enhanced color data  at G in Fig. 12. The rate connecting converter
91 proc- [err]  and [err] from the signal processing section  esses the
filter output, shown at H in Fig. 12, obtained 57, outputs component color
video data constituted by  55 upon limiting the bandwidth the 2fs rate
digital composite the 2f rate high resolution luminance signal data [err]
and  video signal [err] to not more than about fs/2 by the the fs rate
color difference signal data [err] and [err] ,  digital low pass filter 91,
by downsampling, to produce while also outputting 2fs rate high resolution
digital com-  converted fs rate digital composite video signals DC.    15
EP 0 420 612 B1                  16 [err]shown at I in Fig. 12.
rier frequency fsc, or 4fsc. The A/D converter 73 operates for digitizing
the mi-  In the above described signal processing circuit of crophone input
voice signals, supplied from the main  the solid state image pickup
apparatus and the color tel- camera body 100 via second adapter connection
termi-  evision camera of the present invention, an image output nal 62,
for generating digital voice signal data.  5  signal with an extremely high
picture quality may be pro- The multiplexor circuit 94 operates for
switching be-  duced in which, with the solid-state imaging sensor hav-
tween the converted output data from the rate converting  ing the discrete
pixel structure performing spatial sam- circuit 92, that is the fs rate
digital composite video signal  pling of the object image as the
sub-Nyquist system, the [err] and the converted output data from the A/D
MTF in the frequency range of 0 to fs/2 is improved and 



converter 93, that is the digital voice signal data, at a pre-  10 aliasing
components into the frequency range of 0 to fs/2 determined timing, for
adding the digital video signal data  by application of the spatial
offsetting, and the 2fs rate to the digital composite video signal [err]
The digital  digital composite video signals can be produced by the
composite video signals D thus added to by the digital  digital color
encoder. voice signal data by the multiplexor circuit 94, are sup-  The
pass band of the 2fs rate digital composite video plied to the P/S
converter 95 and thereby converted into  15 signals from the color encoder
is limited by the digital serial data which then are outputted at data
output ter-    low-pass filter to about less than fs/2, and the resulting
minal [err]                                       signals are converted by
the rate converting circuit into In the present color television camera,
the three  fs rate digital composite video signals to produce color image
pickup output signals [err] and [err] read  high-quality digital composite
video signals having ex- out at the sampling rate fs from the three CCD
image  20 cellent MTF characteristics and containing only a minor sensors
4R, 4G and 4B operating under the principle of  amount of the aliasing
components. the spatial offsetting technique, are digitized at the A/D  In
the signal processing circuit of the solid-state im- converters 6R, 6G and
6B at the clock rate equal to the  age pickup apparatus of the present
invention, the digit- sampling rate fs to produce the color data [err] and
al/analog converting means are provided for converting [err] which are
subjected to image enhancement and  25 the 2fsc rate digital composite
video signals from the gama correction operations at the signal processor
57  color encoder into an analog form to produce the analog operating at
the clock rate 2fs twice the clock rate fs. The  composite video signals to
produce the high quality dig- resulting 2fs rate digital composite video
signals DC.  ital composite and analog composite video signals hav-
sour[err] produced at the color encoder 58, are converted  ing excellent
MTF characteristics and containing only a by the D/A converter 59CS into
corresponding analog  30 minor amount of aliasing components. signals. In
this manner, the high quality analog compos- ite video signals CSOUT having
excellent MTF charac- teristics and containing only a minor amount of
aliasing  Claims components may be produced at the signal output ter- minal
60CS of the main camera body 100.        35 1. A colour television camera
having image pickup On the other hand in the camera adapter 90 detach-
means for outputting three primary colour image ably connected and attached
to the main camera body    pickup signals at a predetermined rate fs, said
colour 100, the pass band of the 2fs rate digital composite video
television camera comprising: signals [err] obtained at the main camera
body 100, is limited at the digital low-pass filter 91 to about 40
analog/digital converting means (6R,6G,6B) for less than fs/2, and the
resulting signals are converted by  digitising output signals from said
image pickup the rate converting circuit 92 into the fs rate digital com-
means at a clock rate equal to said rate fs, posite video signals [err]. In
this manner, the high    first rate converting means (7R,7G,7B) for inter-
quality digital composite video signals [err] having    polating and
converting output signals excellent MTF characteristics and containing only
a mi- 45  (DR*,DR*,DB*) from said analog/digital con- nor amount of
aliasing components may be produced at      verting means into three
primary colour digital the data output terminal 96oUT-
image pickup signals (DR**,DG**,DB**) having It is noted that, although the
digital low pass filter 91  a rate equal to 2fs which is twice the rate
(fs) and and the rate converting circuit 92, by means of which the
luminance signal forming means (8) supplied 2fs rate digital composite
video signals [err] gener- 50  with the output signals of said first rate
convert- ated at the main camera body 100 are converted into       ing
means and adapted for forming a 2fs rate fs-rate digital composite video
signals [err] are ar-  digital luminance signal (DY**) from the 2fs rate
ranged as the camera adapter 90 and detachably con-       three prime
colour digital image pickup signal, nected tothe main camera body 100, the
functional block   characterised by: of this camera adapter 90 may also be
mounted perma- 55   colour difference signal forming means (8) sup- nently
on the main camera body 100. Also the clock rate   plied with the output
signals of said first rate con- fs for A/D conversion may be set to any
other frequency   verting means and adapted for forming fs rate than the
frequency which is four times the color subcar-  digital colour difference
signals (DC1 [err],DC2*[err]) 9    15                EP 0 420 612 B1
16 [err]shown at I in Fig. 12.                        rier frequency fsc,
or 4fsc. The A/D converter 73 operates for digitizing the ml-  In the above
described signal processing circuit of crophone input voice signals,
supplied from the main    the solid state image pickup apparatus and the
color tel- camera body 100 via second adapter connection termi-    evision
camera of the present invention, an image output nal 62, for generating
digital voice signal data.  5  signal with an extremely high picture
quality may be pro- The multiplexor circuit 94 operates for switching be-
duced in which, with the solid-state imaging sensor hav- tween the
converted output datafrom the rate converting  ing the discrete pixel
structure performing spatial sam- circuit 92, that is the fs rate digital
compositevideo signal  pling of the object image as the sub-Nyquist system,
the 



[err] and the converted output data from the A/D  MTF in the frequency
range of 0 to fs/2 is improved and converter 93, that is the digital voice
signal data, at a pre- 10 aliasing components into the f requency range of
0 to fs/2 determined timing, for adding the digital video signal data  by
application of the spatial offsetting, and the 2fs rate to the digital
composite video signal [err]. The digital  digital composite video signals
can be produced by the composite video signals D thus added to by the
digital  digital color encoder. voice signal data by the multiplexor
circuit 94, are sup-  The pass band of the 2fs rate digital composite video
plied to the P/S converter 95 and thereby converted into  15 signals from
the color encoder is limited by the digital serial data which then are
outputted at data output ter-    low-pass filter to about less than fs/2,
and the resulting minal [err].
signals are converted by the rate converting circuit into In the present
color television camera, the three  fs rate digital composite video signals
to produce color image pickup output signals [err] and [err] read
high-quality digital composite video signals having ex- out at the sampling
rate fs from the three CCD image  20 cellent MTF characteristics and
containing only a minor sensors 4R, 4G and 4B operating under the principle
of  amount of the aliasing components. the spatial offsetting technique,
are digitized at the A/D  In the signal processing circuit of the
solid-state im- converters 6R, 6G and 6B at the clock rate equal to the
age pickup apparatus of the present invention, the digit- sampling rate fs
to produce the color data DR., DG. and  a/analog converting means are
provided for converting [err]., which are subjected to image enhancement
and  25 the 2fsc rate digital composite video signals from the gama
correction operations at the signal processor 57  color encoder into an
analog form to produce the analog operating at the clock rate 2fs twice the
clock rate fs. The  composite video signals to produce the high quality
dig- resulting 2fs rate digital composite video signals Dc.    ital
composite and analog composite video signals hav- [err] produced at the
color encoder 58, are converted  ing excellent MTF characteristics and
containing only a by the D/A converter 59CS into corresponding analog  30
minor amount of aliasing components. signals. In this manner, the high
quality analog compos- ite video signals CSOUT having excellent MTF charac-
teristics and containing only a minor amount of aliasing  Claims components
may be produced at the signal output ter- minal 60CS of the main camera
body 100.       35 1. A colour television camera having image pickup On the
other hand in the camera adapter 90 detach-  means for outputting three
primary colour image ably connected and attached to the main camera body
pickup signals at a predetermined rate fs, said colour 100, the pass band
of the 2ts rate digital composite video  television camera comprising:
signals [err] obtained at the main camera body 100, is limited at the
digital low-pass filter 91 to about 40  analog/digital converting means
(6R,6G,6B) for less than fs/2, and the resulting signals are converted by
digitising output signals from said image pickup the rate converting
circuit 92 into the fs rate digital com-  means at a clock rate equal to
said rate fs, posite video signals [err]. In this manner, the high   first
rate converting means (7R,7G,7B) for inter- quality digital composite video
signals [err] having   polating and converting output signals excellent MTF
characteristics and containing only a mi- 45  (DR*,DR*,DB*) from said
analog/digital con- nor amount of aliasing components may be produced at
verting means into three primary colour digital the data output terminal
[err]                         image pickup signals (DR**,DG**,DB**) having
It is noted that, although the digital low pass filter 91  a rate equal
to2fs which is twice the rate (fs) and and the rate converting circuit 92,
by means of which the  luminance signal forming means (8) supplied 2fs rate
digital composite video signals [err] gener- 50  with the output signals of
said first rate convert- ated at the main camera body 100 are converted
into     ing means and adapted for forming a 2fs rate fs-rate digital
composite video signals [err] are ar-  digital luminance signal (DY**) from
the 2fs rate ranged as the camera adapter 90 and detachably con-     three
prime colour digital image pickup signal, nectedtothe main camera body 100,
the functional block   characterised by: of this camera adapter 90 may also
be mounted perma- 55  colour difference signal forming means (8) sup-
nently on the main camera body 100. Also the clock rate  plied with the
output signals of said first rate con- fs for A/D conversion may be set to
any other frequency  verting means and adapted for forming fs rate than the
frequency which is four times the color subcar-  digital colour difference
signals (DC1**,DC2**) 9    from said 2fs rate digital three primary colour
first rate converting means (57) for interpolating image pickup signals,
and converting output signals from said ana- modulating means (12) supplied
with output sig-     log/digital converting means into three primary nals
from said colour difference signal forming     colour  image  pickup
digital  signals means and adapted for modulating said fs rate  5
(DR**,DG**,DB**) having a rate equal to 2fs digital colour difference
signals,                  which is twice the rate fs, and second rate
converting means (13) for convert-      signal processing means (58)
supplied with out- ing said digital colour difference signals modu-    put
signals from said first rate converting means 



lated by said modulating means into 2fs rate        and adapted for forming
2fs rate digital compos- modulated digital colour difference signals  10
ite video signals (CS**) from the 2fs rate three (MOD-C**),
primary colour image pickup digital signals, composite video signal forming
means (14) for       characterised by: forming a 2fs rate digital composite
video signal   a digital low-pass filter (91) supplied with output (DCS**)
from said 2fs rate digital luminance sig-   signals from said signal
processing means nal output from said luminance signal forming  15  (CS**)
and adapted for limiting the pass band of means and said 2fs rate modulated
digital col-      said 2fs rate digital composite video signals to our
difference signals,                            fs/2, and digital/analog
converting means (15) for con-       second rate-converting means (92)
supplied verting an output signal from said composite        with output
signals of said digital low-pass filter video signal forming means into an
analog form, 20  and adapted for converting the rate of the pass and
band limited 2fs rate digital composite video sig- a low-pass filter (16)
supplied with the output     nals to fs. signal from said digital/analog
converting means (15) and adapted to pass a signal com-  6. A colour
television camera according to claim 5 fur- ponent (CS) of a frequency
lower than said fre- 25  ther comprising first digital/analog converter
means quency fs.                                      (59CS) supplied with
an output signal of said signal processing means and adapted for converting
the 2. A colour television camera according to claim 1,    2fs rate digital
composite video signal (CS**) into an wherein saidcolour difference signal
forming means  analog form for outputting an analog composite (8) samples
down the 2fs rate three primary colour 30  video signal (CSOUT**). digital
image pickup signals (DR**,DG**,DB**) out- put from said first rate
converting means to the fs  7. A colour television camera according to
claim 5 or 6 rate by means of a pre-filter having a zero point at
comprising a camera part (100) and an adaptor part least the frequency fs
for forming the fs rate digital  (90) detachably mounted on said camera
part, colour difference signal.                   35      wherein 3. A
colour television camera according to claim 1 or 2    said camera part
includes said analog/digital wherein said second rate converting means (13)
is      converting means (6R,6G,6B), said first rate constituted by a
digital filter allowing to pass an fsc  converting means (57) and said
signal process- component and inhibiting the fs-fsc component of 40    ing
means (58); and the colour subcarrier frequency.                       said
adapter part includes said digital low-pass filter (91) and said second
rate converting 4. A colour television camera according to claim 1 or
means (92) 2, wherein said second rate converting means is constituted by a
digital filter having a nearly zero dif- 45 8. A colour television camera
according to any one of ferential coefficient at the colour subcarrier fre-
claims 5 to 7 further comprising: quency fsc and having at least one zero
point in the vicinity of the fs-fsc frequency.                      image
enhancement means (76,73R,73G,73B) supplied with output signals from said
ana- 5. A colour television camera having image pickup  50      log/digital
converting means and output signals means (4R,4G,4B) for outputting three
primary col-     from said first rate converting means and our image pickup
signals (5R*,5G*,5B*) at a prede-     adapted for performing image
enhancement of termined rate fs, said colour television camera com-   the
three primary colour digital image pickup prising:
signals. 55 analog/digital converting means (6R,6G,6B) for  9. A colour
television camera according to any one of digitising output signals from
said image pickup  claims 5 to 8 further comprising: means at a clock rate
equal to said rate fs, 10    19                 EP0420612B1
20 gamma correcting means (74G,74R,74B) sup-      solid-state image pickup
element (4G) for imaging a plied with the output signal of said first rate
con-  green image and a third solid-state image pickup verting means and
adapted for performing        element (4B) for imaging a blue image, said
second gamma correction of the three primary colour   solid-state image
pickup element being offset rela- digital image pickup signals.
5      tive to said first and third solid-state image pickup elements by an
amount equal to one half the pixel 10. A colour television camera according
to any one of  pitch. claims 5 to 9 further comprising: 



second digital/analog converting means   10 Patentansprflche (59R,59D,59B)
supplied with the output signals (DR**,DG**,DB**) of said first rate
converting  1. Farbfernsehkamera mit einer Bildabtasteinrichtung means (57)
and adapted for converting the 2fs  zur Ausgabe von drei
Primirfarbenabtastsignalen rate three primary colour digital image pickup
mit einervorgogebenen Rate fs, wobei die Farbfern- signals into analog
signals.            15    sehkamera umfal3t: 11. A colour television camera
according to any one of    eine Analog/Digital-Umsetzungseinrichtung claims
5to 10 wherein said signal processing means     (6R, 6G, 6B) zur
Digitalisierung von Ausgangs- (8) generate fs rate digital colour
difference signals  signalen der Bildabtasteinrichtung mit einer
(R-Y*,B-Y*) from said 2fs rate three primary colour 20  Taktrate, welche
gleich der Rate fs ist, digital image pickup signals. eine erste
Ratenumsetzungseinrichtung (7R, 12. The colour television camera according
to claim 9     7G, 7B)zur Interpolation und Umsetzung der further
comprising:                                    Ausgangssignale (DR*, DG*,
DB*) von der Ana- 25        log/Digital-Umsetzungseinrichtung in drei digi-
third  digitaltanalog  converting  means           tale
Primarfarbenbildabtastsignale  (DR", (59R-Y,59B-Y) for converting the
output fs rate    DG*, DB**) mit einer Rate, welche gleich 2fs digital
colour difference signals from said signal  ist, welche das zweifache der
Rate (fs) ist, und processing means into analog signals (R-Y OUT,B-Y OUT).
30         eine Luminanzsignalausbildungseinrichtung (B), welcher die
Ausgangssignale der ersten 13. A colour television camera according to any
one of    Ratenumsetzungseinrichtung zugefflhrt wer- claims 5 to 13 further
comprising:                     den, und welche angepaflt ist zur
Ausbildung eines digitalen Luminanzsignals (DY**) mit der a microphone for
transducing audio signals  35     Rate 2fs aus den drei digitalen
Primarfarben- (MIC in);
bildabtastsignalen mit der Rate 2fs, gekenn- second analog/digital
converting means (93) for    zeichnet durch: converting output signals from
said microphone into digital voice signals, and                    eine
Farbdifferenzsignalausbil- multiplexor means (94) supplied with output sig-
40  dungseinrichtung (8), welcher die Ausgangssi- nals from said second
rate converting means        gnale der ersten Ratenumsetzungseinrichtung
and said second analog/digital converting          zugeffhrt werden, und
welche angepaBt ist zur means and adapted for one of the supplied sig-
Ausbildung von digitalen Farbdifferenzsignalen nals.
(DC1 **, DC2**) mit der Rate fs aus den digitalen 45        drei
Primirfarbenbildabtastsignale mit der Rate 14. A colour television camera
having image pickup        2fs, means according to any one of the claims 5
to 13, further comprising:                                    eine
Modulationseinrichtung (12), welcher die Ausgangssignale von der
Farbdifferenzsignal- fourth digita/analog converting means (59Y) for 50
ausbildungseinrichtung zugeffhrt werden, und converting the 2fs rate
digital luminance output   welche angepal3t ist zur Modulation der digita-
signal (Y**) from said signal processing means     len Farbdifferenzsignale
mit der Rate fs, into an analog signal (Y OUT). eine zweite
Ratenumsetzungseinrichtung (13) 15. A colour television camera according to
any one of 55  zur Umsetzung der durch die Modulationsein- the preceding
claims wherein said image pickup        richtung modulierten digitalen
Farbdifferenzsi- means include a first solid-state image pick-up ele-
gnale in modulierte digitale Farbdifferenzsi- ment (4R) for imaging a red
image, a second            gnale (MOD-C**) mit der Rate 2fs,    21
EP 0 420 612 B1                 22 Bine Ausbildungseinrichtung (14) fOrein
zusam-     zur Interpolation und Umsetzung der Aus- mengesetztes
Videosignal zur Ausbildung            gangesignale von der
Analog/Digital-Umset- eines digitalen zusammengesetzten Videosi-
zungseinrichtung in drei digitale PrimArfarben- gnals (DCS") mit der Rate
2fs aus dem digita-      bildabtastsignale (DR**, DG**, DB**) mit einer len
Luminanzsignal mit der Rate 2fs, welches  5    Rate, welche gleich 2fs ist,
welche das zweifa- von der Luminanzsignalausbildungseinrichtung       che
der Rate fs ist, und ausgegeben worden ist, und aus den modulier- ten
digitalen Farbdifferenzsignalen mit der Rate   eine
Signalverarbeitungseinrichtung (58), wel- 2fs,
cher die Ausgangssignale der ersten Ratenum- 10        setzungseinrichtung
zugefuhrt werden, und 



sine Digital/Analog-Umsetzungseinrichtung          welche angepaBt ist zur
Ausbildung von digita- (15) zur Umsetzung eines Ausgangssignals von
Ien zusammengesetzten Videosignalen (CS**) der Ausbildungseinrichtung fOr
ein zusammen-       mit der Rate 2fs aus den drel digitalen Primar-
gesetztes Videosignal in sine analogs Form,        farbenbildabtastsignalen
mit der Rate 2fs, und                                     15
gekennzeichnet durch: ein T'iefpaBfiiter (16), welchem das Ausgangs-
ein digitales TiefpaBfilter (91), welchem die signal von der
DigitaVAnalog-Umsetzungsein-        Ausgangssignale (CS**) von der
Signalverar- richtung (15) zugsffhrt wird, und welche ange-
beitungseinrichtung zugefahrt werden, und wel- paBt ist, sine
Signalkomponente (CS) mit einer 20  ches angepaBt ist zur Begrenzung des
Durch- Frequenz, welche niedriger ale die frequenz fs     IaBbereichs der
digitalen zusammengesetzten ist, durchzulassen.
Videosignale mit der Rate von 2fs auf fs/2, und 2. Farbfemsehkamera nach
Anspruch 1, bei welcher          sine zweite Ratenumsetzungseinrichtung
(92), die Farbdifferenzsignalausbildungseinrichtung (8) 25   welcher die
Ausgangssignale des digitalen Tief- die drei digitalen
Primarfarbenbildabtastsignale      pal3filters zugefOhrt werden, und welche
ange- (DR**, DG**, DB**), weiche von der ersten Raten-       paBt ist zur
Umsetzung der Rate der bezfglich umsetzungssinrichtung ausgageben worden
sind,          des DurchlaBbereichs begrenzten digitalen nach unten auf die
Rate fs mittels eines Vorfilters mit  zusammengesetzten Videosignale mit
der Rate einem Nullpunkt von mindestens der Frequenz fs  30     2fs auf fe.
zur Ausbildung eines digitalsn Farbdifferenzsignals mit der Rate fs
abtastet.                       6. Farbfernsehkamera nach Anspruch 5,
welche wei- terhin sine erste DigitaVAnalog-Umsetzungseinrich- 3.
Farbfemsshkamera nach Anspruch 1 oder 2, bei       tung (59CS) umfaBt,
welcher ein Ausgangesignal wslcher die zweite Ratenumsetzungseinrichtung
35  der Signalverarbeitungseinrichtung zugsfuhrt wird, (13) durch ein
Digitalfilter gebildet wird, welches das  und welche angepaBt ist zur
Umsetzung des digita- Durchlassen einer fsc-Komponente zul&Bt und die
len zusammengesetzten Videosignals (CS**) mit fs-fsc-Komponente der
Frequenz des Farbhilfstr&-   der Rate 2fs in sine analogs Form zur Ausgabe
gers verzogert.                                    eines analogen
zusammengesetzten Videosignals 40    (CSOUT*). 4. Farbfemsehkamera nach
Anspruch 1 oder 2, bei wslcher die zweite Ratenumsetzungseinrichtung   7.
Farbfernsehkamera nach Anspruch 5 oder 6, wel- durch ein Digitalfilter mit
einem Differentialkoeffizi-  che ein Kamerateil (100) und ein Adaptertsil
(90), enten von annahemd Null fOr die Frequenz fsc des   weiches abnehmbar
auf dem Kamerateil befestigt Farbhilfstrigers und mit mindestens einem
Null- 45    ist, umfaBt, wobei punkt in der Nahe derfs-fsc-Frequenz
gebildet wird. die Kamera die Analog/Digital-Umsetzungsein- 5.
Farbfemsehkamera mit einer Bildabtasteinrichtung       richtung (6R, 6G,
6B), die erste Ratenumset- (4R, 4G, 4B) zur Ausgabe von drei
Primarfarbenabt-     zungseinrichtung (57) und die Signalverarbei-
astsignalen (5R*, 5G*, 5B*) mit einer vorgogebenen  50  tungseinrichtung
(58) enthalt; und Rate fs, wobei die Fernsehkamera umfaBt: das Adapterteil
das digitals iefpaBfilter (91) sine Analog/Digital-Umsetzungseinrichtung
und die zweite Ratenumsetzungseinrichtung (6R, 6G, 6B) zur Digitalisierung
der Ausgangs-     (92) enthalt. signals von der Abtastungseinrichtung mit
siner 55 Taktrate, welche gleich der rate fs ist,    8. Farbfemsehkamera
nach einem der AnsprOche 5 bis 7, welche weiterhin umfaBt: sine erste
Ratenumsetzungseinrichtung (57) 12    23                 EP 0 420 612 B1
24      1 11        1L,11   Il II Jll eine Bildverbasserungseinrichtung
(76, 73R,        zungseinrichtung und der zweiten Analog/Digi- 73G, 73B),
welcher die Ausgangssignale der         tal-Umsetzungseinrichtung zugefOhrt
werden, Analog/Digital-Umsetzungseinrichtung und die       und welche fOr
eines der zugeffhrten Signals Ausgangssignale der ersten  Ratenumset-
angepal3t let. zungssinrichtung zugefahrt werden, und wel-  5 ;.
che angepal3t let zur DurchfOhrung einer Bild-  14. Farbfernsehkamera mit
einer Bildabtasteinrichtung verbesserung der drei digitalen Primarfarben-
nach einem der ansprfche 5 bis 13, welche welter- bildabtastsignale.
hin umfal3t: 9. Farbfemsehkamera nach einem der Ansprfche 5  10        eine
vierte DigitaVAnalog-Umsetzungseinrich- bis 8, welche weiterhin umfal3t:
tung (59Y) zur Umsetzung des digitalen Lumi- nanzsignals (Y**) mit der Rate
2fs von der 



eine Gamma-Korrektureinrichtung (74G, 74R,
Signalverarbeitungseinrichtung in ein analoges 74B), welcher das
Ausgangssignal der ersten        Signal (Y OUT). Ratenumsetzungseinrichtung
zugeffhrt wird, 15 und welche angepaflt ist zur DurchfOhrung   15.
Farbfemsehkamera nach einem der vorhergehen- einer Gamma-Korrektur der drei
digitalen Pri-   den Ansprfchen, bei welcher die Bildabtasteinrich-
marfarbenbildabtastsignale.                     tung ein erstes
Festkorper-Bildabtastelement (4R) zur Abbildung eines roten Bildes, ein
zweites Fest- 10. Farbfernsehkamera nach einem der Ansprfche 5  20
kbrper-Bildabtastelement (4G) zur Abbildung sines bis 9, welche weiterhin
umfal3t:                   grOnen Bildes und ein drittes
Festkorper-Bildabtast- element (4B) zur Abbildung eines blauen Bildes ent-
eine zweite Digital/Analog-Umsetzungseinrich-   halt, wobei das zweite
Festk6rper-Bildabtastele- tung (59R, 59D, 591B), weicher die Ausgangssi-
ment relativ zu dem ersten und dritten Festkor- gnale (DR", DG**, DB**) der
ersten Umset- 25    per-Bildabtastelement um einen Betrag, welcher
zungseinrichtung (57) zugefOhrt werden, und     gleich einem halben
Pixelabstand let, verschoben welche angepal3t ist zur Umsetzung der drei
ist. digitalen Primarfarbenbildabtastsignale in ana- loge Signals. 30
Revendlcations 11. Farbfemsehkamera nach einem der AnsprOche 5 bis 10, bei
welcher die Signalverarbeitungseinrich-  1. Camera de television en
couleurs ayant un dispositif tung (8) digitale Farbdifferenzsignale (R-Y*,
B-Y*)  de prise de vue d'image pour fournir des signaux de mit der Rate fs
aus den drei digitalen Primarfarben-  prise de vue d'image de trois
couleurs primaires a bildabtastsignalen erzeugt.                 35     une
frequence predeterminee fs, ladite cam6ra de television en couleurs
comprenant: 12. Farbfemsehkamera nach Anspruch 9, welche wei- terhin
umfaBt:                                         des dispositife de
conversion analogique/nume- rique (6R, 6G et 6B) pour numeriser des eine
dritte Digital/Analog-Umsetzungsein rich- 40  signaux de sortie dudit
dispositif de prise de vue tung (59R-Y, 59B-Y) zur Umsetzung dervon der
d'image & une frequence d'horloge dgale & Signalverarbeitungseinrichtung
ausgegebenen        ladite frequence fs, digitalen Farbdifferenzsignale mit
der Rate fs in  des premiers dispositifs de conversion de fr6- analoge
Signale (R-Y OUT, B-Y OUT).                quence (7R, 7G et 7B) pour
interpoler et con- 45        vertir des signaux de sortie (DR* DG* et DB*)
13. Farbfemsehkamera nach sinem der AnsprOche 5           desdits
dispositifs de conversion analogi- bis 13, welche weiterhin umfal3t:
que/num6rique en signaux numeriquesde prise de vue d'image de trois
couleurs primaires ein Mikrofon zur Umwandlung von Audiosigna-        (DR*,
DG** et DB**) ayant unef recuence egale len (MIC in);
50         a 2fs qui est le double de la frequence (fs) et un dispositif de
formation de signal de lumi- eine zweite Analog/Digital-Umsetzungseinrich-
nance (8) recevant lee signaux de sortie desdits tung (93) zur Umsetzung
der Ausgangssignale        premiers dispositifes de conversion de frequence
von dem Mikrofon in digitale Stimmensignale,       et adapt6 pour former un
signal numerique de und                                     55
luminance de fr6quence 2fs (DY**) & partir des signaux numeriques de prise
de vue d'image de eine Multiplexeinrichtung (94), welcher Aus-       trois
couleurs primaires de frequence 2fs, gangssignale von der zweiten
Ratenumset-           caracteris6 par: 13    25                 EP 0 420
612 B1                 26       1111111111111111111111 III * C   L   M   S
i un dispositif de formation de signal de diffe-  tre numerique ayant un
coefficient diff6rentiel pres- rence de couleurs (8) recovant les signaux
de   quo nul a la frequence de la sous-portouse de chro- sortie desdits
premiers dispositifs de conver-  minance fsc et ayant au moins un point nul
au voi- sion de fr6quence et adapt6 pour former des     sinage de la
frequence fs-fsc. signaux num6riques de difference de couleurs  5 de
frequence fs (DC1 **, DC2**) & partir desdits  5. Cameradetelevision en
couleurs ayant un dispositif signaux num6riques de prise de vue d'image de
de prise de vue d'image (4R, 4G et 4B) pour fournir trois couleurs
primaires de frequence 2fs,      des signaux de prise de vue d'image de
trois cou- un dispositif de modulation (12) recovant des  leurs primairos
(5R*, 5G*, 5B*) A unefrequence pre- signaux de sortie dudit dispositif de
formation  10  detorminee fs, ladite camera de television en cou- 



de signal de difflrence de couleurs et adapte  lours comprenant:
pourmodulor lesdits signaux numeriquesdo dif- f6rence de couleurs de
frequence fs,               des dispositifs de conversion analogiquelnume-
un second dispositif de conversion de fre-         rique (6R, 6G. 6B) pour
num6riser des signaux quence (13) pour convertir lesdits signaux  15     d
esortie dudit dispositif de prise de vue d'image num6riques modules de
difference de coulours       & une frequence d'horloge egale a ladite fre-
par ledit dispositif de modulation en signaux      quence fs, numeriques
modules de difference de couleurs       un premier dispositif de conversion
de fre- de fr6quence 2fs (MOD.C**),                        quence (57) pour
interpoler et convertir des un dispositd de formation de signal video com-
20  signaux de sortie desdits dispositifs de conver- posite (14) pour
former un signal vid6o compo-     sion analogique/num6rique en signaux
numeri- site numerique de frequence 2fs (DCS**) a par-     ques de prise de
vue d'image de trois couleurs tir dudit signal num6rique de luminance de
fr6-    primaires (DR**, DG**, DB**) ayant une fr6- quence 2fs fourni par
ledit dispositif de forma-   quence egale A 2fs qui est le double de la
fr6- tion de signal de luminance et desdits signaux  25  quence fs, et
num6riques modul6s de diff6rence de couleurs       un dispositif de
traitement de signal (58) rece- de frequence 2fs,
vant les signaux de sortie dudit premier dispo- un dispositif de conversion
num6rique/analogi-     sitif de conversion de frequence et adapte pour quo
(15) pour convertir sous forme analogique      former des signaux video
composites numeri- un signal de sortie dudit dispositif de formation  30
ques de frequence 2fs (CS*) a partir des de signal video composite, et
signaux numeriques de prise de vue d'image de un filtre passe-bas (16)
recovant le signal de     trois couleurs primaires de frequence 2fs, sortie
dudit dispositif de conversion numeri-      caracterise par: que/analogique
(15) et adapt6 pour passer une      un filtre numerique passe-bas (91)
recevant des composante de signal (CS) d'une frequence  35      signaux de
sortie dudit dispositif de traitement inf6rieure & ladite frequence fs.
de signal (CS**) et adapte pour limiter la bande passante desdits signaux
video composites 2. Cam6ra de t6l6vision on coulours solon la revendi-
numbriques de frequence 2fs A fs/2, et cation 1, dans loquel ledit
dispositif de formation de  un second dispositif de conversion de fre-
signal de difflrence de couleurs (8) sous-echan- 40    quence (92) recovant
des signaux de sortie tillonne les signaux num6riques de prise de vue
dudit filtre numerique passe-bas et adapt6 pour d'image de trois couleurs
primaires de frequence 2fs   convertir la frequence des signaux vid6o corn-
(DR**, DG**, DB**) fournis par ledit premier dispo-    posites numeriques
de fr6quence 2fs a bande sitif de conversion de fr6quence a la fr6quence fs
au  passante limitea & la frequence fs. moyon d'un pre-filtre ayant un
point nul au moins &  45 la frequence fs pour former le signal numerique de
6. Camera de television en couleurs solon la revendi- diff6rence de
couleurs de frequence fs.            cation 5 comprenant en outre un
premier dispositif de conversion num6rique/analogique (59CS) rece- 3.
Cam6ra de tel6vision on couleurs solon les reven-   vant ainsi un signal de
sortie dudit dispositif de trai- dications 1 ou 2 dans laquelle ledit
second dispositif 50    tement de signal etadapte pour convertir sousforme
de conversion de frequence (13) est constftue par  analogique le signal
video composite numerique de un filtre num6rique permettant de passer une
corn-  frequence 2fs (CS') pour fournir un signal video posante fsc et
d'inhiber la composante fs-fec de la  composite analogique (CSOUT").
frequence de sous-porteuse de chrominance. 55 7. Camera de t6levision on
couleurs solon la revendi- 4. Camera de t6levision en couleurs solon les
reven-   cation 5 ou 6 comprenant une partie de cam6ra dications 1 ou 2,
dane laquelle ledit second dispositif  (100) et une partie d'adaptateur
(90) mont~e de de conversion de frequence est const-tu6 par un fil-  fagon
detachable sur ladite partie de camera, de 14    27                EP 0 420
612 B1                 28      I liii| 11111| IlI|I 11111 fI II * C   L  M
sorte que                                            des troisiemes
dispositifs de conversion nume- rique/analogique (59R-Y, 59B-Y) pour
convertir ladite partie de camera comprend ledit dispositif  la sortie des
signaux numeriques de difference de conversion analogique/numerique (6R,
6G,       de couleurs de frequence fs dudit dispositif de 6B), ledit
premier dispositif de conversion de  5  traitement de signal en signaux
analogiques frequence (57) et ledit dispositif de traitement  (R-Y OUT, B-Y
OUT). de signal (58) ; et ladite partle d'adaptateur comprend ledit filtre
13. Camera de tel6vision en couleurs solon l'una quel- 



passe-bas (91) et ledit second dispositif de con-  conque des
revendications 5 a 13 comprenant en version de frequence (92).
10     outre: 8  Camera de t6ldvision en couleurs selon l'une quel-    un
microphone pour une transduction des conque des revendications 5 a 7,
comprenant on       signaux audio (MIC in); outre:
un second dispositif de conversion analogi- 15        que/numerique (93)
pour convertir des signaux des dispositifs d'amelioration d'image (76,73R,
de sortie dudit microphone en signaux vocaux 73G, 73B) recwvant des signaux
de sortie des-     num6riques; et dits dispositifs de conversion
analogique/num4-   un dispositif multiplexeur (94) recevant des rique et
des signaux de sortie dudit premier dis-  signaux de sortie dudit second
dispositif de con- positif de conversion de frequence et adapte  20
version de frequence et dudit second dispositif pour realiser une
amelioration d'image des        de conversion analogique/numdrique et
adapt4 signaux numeriques de prise de vue d'image de     pour un des
signaux fournis. trois couleurs primaires. 14. Cam6ra de tel6vision en
couleurs ayant un dispositif 9. Cam6ra de television en couleurs salon
l'une quel- 25  de prise de vue d'image solon l'une quelconque des conque
des revendications 5 a 8 comprenant on     revendications 5 a 13,
comprenant on outre: outre: un quatrieme dispositif de conversion num~ri-
des dispositifs de correction de gamma (74G,      que/analogique (59Y) pour
convertir le signal 74R, 74B) recevant le signal de sortie dudit pre- 30
numerique de sortie de luminance de frequence mier dispositif de conversion
de frequence et     2fs (Y**) dudit dispositif de tratoement de signal
adapte pour realiser une correction de gamma      en un signal analogique
(Y OUT). des signaux num6riques de prise de vue d'image de trois couleurs
primaires.       15. Camera de television en couleurs solon l'une quel- 35
conque des revendications precedentes dans 10. Camera de television en
couleurs solon l'une quel-  laquelle ledit dispositif de prise de vue
d'image com- conque des revendications 5 a 9 comprenant en     prend un
premier eldment de prise de vue d'image outre:
& semi-conducteur (4R) pour former une image rouge, un second element prise
de vue d'image & des seconds dispositifs de conversion numeri- 40
semi-conducteur (4G) pour former une image verte que/analogique (59R, 59G,
59B) recevant les   et un troisieme element de prise de vue d'image &
signaux de sortie (DR., DGe, DB..) dudit pre-  semi-conducteur (4B) pour
former une image bleue, mier dispositif de conversion de frequence (57)
ledit second el6ment de prise de vue d'image a et adapte pour convertir les
signaux numeri-  semi-conducteur 6tant d6cale par rapport auxdits ques de
prise de vue d'image de trois couleurs 45  premier et troisieme elements de
prise de vue primaires de frequence 2fs en signaux analogi-  d'image a
semi-conducteur d'une quantite egale a ques.
un demi pas de pixel. 11. Camera de teldvision en couleurs solon l'une
quol- conque des revendications 5 110 dans laquelle ledit 50 dispositif de
traitement do signal (8) genbre des signaux numeriques de difflrence de
couleurs de frequence fs (R-Y*, B-Y*) a partir desdits signaux num6riques
de prise de vue d'image de trois cou- leurs primaires de frequence 2fs.
55 12. Camera de television on couleurs solon la revendi- cation 9,
comprenant on outre:    


