DESCRI PTI ON _ COLOR | MAGE PI CKUP DEVI CE
TECHNOLOG CAL FI ELD The present invention relates to a col or imge

pi ckup device and, nore particularly, fo signal processing for processing
filter-transmtted signals read from col or i mage pickup elenents to obtain
hi gher resol ution. BACKGROUND ART Conventionally, in order to
enhance the resolution of a video signal froma col or i mage pickup device
such as a CCD, filter-transmtted signals from CCD el enments each having a
color filter is subjected to arithpgtRe¢popagati on with peripheral pixels
to generate |um nance signals at positions corresponding to the respective
CCD el enents and, thereafter, resolution conversion is carried out using
these | um nance data. Hereinafter, a conventional CCD and signa

processing thereof will be dass thRdrWbiBrisfsfenge to figure 2.
Figure 2 is a block diagramillustrating a conventi onal

TECHNOLOGICAL FIELD

The present invention relates to a color image pickup device
and, more particularly, to signal processing for processing
filter-transmitted signals read from color image pickup elements

to obtain higher resoclution.

BACKGROUND ART

Conventionally, in order to enhance the resolution of a
video signal from a color image pickup device such as a CCD,
filter-transmitted signals from CCD elements each having a color
filter is subjected to arithmetic operation with peripheral
pixels to generate luminance signals at positions corresponding
to the respective CCD elements and, thereafter, resolution
conversion is carried out using these luminance data.
Hereinafter, a conventional CCD and signal processing thereof
will be described with reference to figure 2.

?igure 2 is a block diagram illustrating a conventional
color image pickup device. In the figure, 201 denctes an optical
system which forms an image of an object on the surface of a CCD
202. The CCD 202 converts the object image so formed into an

electric signal, and a color separation filter is disposed on



col or i‘frage *pi ckup device. In the figure, 201 denotes an optical system
whi-ch forns an i mage of an object on the surface of a CCD 202. The CCD 202
converts the object inmage so forned int® an electric signal, and a col or
separation filter is disposed on 2
each CCD el enment to take out color data. A signal 203 outputted fromthe
CCD 202 is an analog quantity, and each elenent of the CCD 202 has a

vol tage val ue according to the intensity of light transmtted through the
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digitizes the anal og signal 203 to convert the analog signal 203 into a

signal 28bohashen@ @b 02 evehs 8haDo@MRIdN H)- 223) choh 63&hePt X&f .the206
denotes a storage circuit which stores the digital signal 205 and permts
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peri pheral pixels in the signal processing that wll be described |ater.
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obtain I um nance val ues and color-difference signals fromthe digital
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pi ckup deyd 6& 2Mhvedd the analog signal 203 into a signal 205 having 256
levels of gradation (0~255) for each pixel. 206 denotes a
storage circuit which stores the digital signal 205 and permits
random access to each value, to permit arithmetic operation with
peripheral pixels in the signal processing that will be described
later. 208 denotes a signal processing circuit which performs
processing to obtain luminance wvalues and color-difference
signals from the digital signal 207 stored in the storage circuit
206.

The process steps up to mentioned above are generally
performed by the conventional color image pickup device 210, and
the signal processing circuit 208 outputs the luminance vaiues
and color-difference signals 209 to the outside. When higher
resolution is desired, a resolution conversion circuit 211
performs interpolation using the luminance values and color-
difference signals 209 outputted from the signal processing
circuit 208 to generate luminance signals and color-difference
signals of pixels to be newly generated, and outputs the
luminance values and color-difference signals 212 larger in

number than the luminance values and color-difference signals 209



the signal processing circuit 208 outputs the |um nance val ues and
color-di.fference signals 209 to the outside. Wen higher resolution is
desired, a resolution conversion circuig 211 perfornms interpolation using
the | um nance val ues and color- difference signals 209 outputted fromthe
signal processing circuit 208 to generate |um nance signals and
color-difference signals of pixels to be newy generated, and outputs the
| um nance val ues and col or-difference signals 212 larger in nunber than

the | um papger vad UasonftheC @LQhadi pEeressensi @iNahs 2098,
3 outputted fromthe signal processing circuit 208. Next, the
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described specifically with reference™to figure 3.” Figure is a diagram
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image pickup device. In figure 3, Mg indicates elements with
magenta filters, G indicates elements with green filters, Cy
indicates elements with cyan filters, and Ye indicates elements
with yellow filters. On the CCD 202, these elements are arranged
in a checker pattern, and a pattern in a region enclosed with a
bold frame is repeated.

The signal processing circuit 208 obtains luminance values
and color-difference signals from the signals transmitted through
these single-color filters. For example, when the luminance
value at a pixel 301 is to be obtained, the average of the
luminance values of four pixels 301 (Mg), 302(G}), 305{(Cy), and
306(Ye), i.e., {Me+G+Cy+Ye)/4, is obtained in approximation, and
this average is regarded as the luminance value at the pixel 301.
Further, also when the luminance value at the pixel 302 is to be
obtained, in like manner as mentioned for the luminance value of
the pixel 301, the average of 2X2 pixels (302, 303, 306, 307)
with the pixel 302 in the upper left corner, is obtained, and
this average is regarded as the luminance value at the pixel 302.

As described above, luminance values in one-to-one

correspondence to the respective pixels of the CCD can be



The sighal processing circuit 208 obtains |um nance val ues and
colorf-difference signals fromthe signals transnmtted through these
single-color filters. For exanple, whengthe |um nance value at a pixel 301
is to be obtained, the average of the |um nance values of four pixels
301(My), 302(Q, 305(Cy), and 306(Ye), i.e., (M+GtCy+Ye)/ 4, is obtained
in approximation, and this average is regarded as the | um nance val ue at
the pixel 301. Further, also when the |um nance value at the pixel 302 is
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regarded as the | um nance val ue at the pixel 302. As descri bed above,
| um nancgzmal diesud,N Pnet 0xgReyecor respondence to the respective pixels of
the CCD can be 4 obt ai ned by
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pi xel in the upper left corner and including each © , , and Ye.
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di fference between a red conponent and a ue, an
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and the luminance value, and a Cr signal is obtained by (Ye+Mg)-
(Cy+G) while a Cb signal is obtained by (Cy+Mg)-(Ye+G).
Generally, a color-difference signal comprising a pair of Cr and
Cb is provided for every four pixels because the human eyes are
relatively insensitive to the resolution relating to colors.

As described above, the luminance values and color-
difference signals 209 outputted from the conventional color
image pickup device 210 are composed of the luminance values
having resolutions in one-to-one correspondence to the respective
pixels of the CCD 202, and the color-difference signals each
comprising a pair of Cr and Cb and having 1/4 resolutions with
respect to the pixels of the CCD 202.

Next, a description will be given of the processing contents
by the resclution conversion circuit 211 that receives the
luminance values and color-difference signals 209 and performs
resolution conversion, with reference to figure 5. Although many
methods for resolution conversion have been proposed, liner
interpolation using peripheral pixeis is most commonly used.

Figure 5 is a diagram for explaining linear interpolation



and the" | uni‘nance value, and a O signal is obtained by (YetMy)- (Cy+Q
whil& a Cb signal is obtained by (Cy+My)-(Ye+3. Generally, a
color-difference signal conprising a paigr of G and Cb is provided for
every four pixels because the human eyes are relatively insensitive to the
resolution relating to colors. As descri bed above, the | um nance

val ues and color- difference signals 209 outputted fromthe conventi onal
color imge pickup device 210 are conposed of the |um nance val ues having
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CCD 202, and the color-difference signals each conprising a pair of C and
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Next, a description be gi'ven of the processing contents
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denotes a.pixel position on the CCD 101 that is adjacent to the
pixels C and D. Further, i denotes a distance to the pixel G in
the .horizontal direction when the pixel A is the target pixel,
and j denotes a distance to the pixel G in the verticel direction
when the pixel A is the target pixel.

Since linear insertion is carried out in linear
interpolation, when the distance between the respective pixels is
1 and 0=i<1 and 0=3<1, the luminance value and the color-
difference signal of the new pixel G are obtained as follows:

G = (1-1) ({1-3)A+jC)+i((1-j)D+3iF)

Meanwhile, Japanese Published Patent Application No. Hei.7-
93531 discloses another method for resolution conversion wherein,
simultaneously with linear interpolation, edges are specially
processed so that the edges are not blurred, and the processed
edges are superposed on the result of linear interpolation.

However, the above-mentioned conventional techniques have
the following drawbacks. First of all, ir the conventional
linear interpolation, since averaging with the peripheral pixels
is carried out, image is undesirably smoothed, resulting in

blurred image that lacks sharpness even at edges.



conventional® col or inmage pickup device. in the figure, G denotes a pi xel
to bé newly forned, A denotes a pixel position on the CCD 101 that is

closest to the new pixel G B to E denoge pixel positions on the CCD 101
that are adjacent to the pixel A and F denotes a pixel position on the

CCD 101 that is adjacent to the pixels Cand D. Further, i denotes a

di stance to the pixel Gin the horizontal direction when the pixel Ais
the target pixel, and j denotes a distance to the pixel Gin the vertical
direction whep the BLKek Audd, IIRHAGACKR! ¥ebeoss di sl limnear
insertion is carried out in linear 1nterpolation, when the distance
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interpolating, for example, a point placed between the pixels 301,
302, 305, and 306 shown in figure 3, the luminance value of the
pixel 306 is used as an element for the interpolation. However,
since the luminance value of the pixel 306 was generated using
the luminance values of the pixel 311 and others, the pixel to be
generated by the interpolation is influenced by the very distant
pixels. This means that the value of the new pixel obtained by
the interpclation consequently becomes a value obtained by
smoothing the image over a wide range, and the image is blurred.

The present invention is made to solve the above-mentioned

problems and has for its object to provide a high-resolution
color image pickup device that can provide favorable proqessing

result having no blur, with a very small amount of arithmetic.

DISCLCSURE OF THE INVENTION
In order to achieve the above-mentioned object, a color
image pickup device according to Claim 1 of the present invention

is provided with image pickup elements having color separation



6 K On the other hand, although the process disclosed in Japanese
Publ f shed Pat ent Application No. Hei.7-93531 provides relatively favorable
processing results, arithnetic operatiom for edge formation is needed in
addition to that for linear interpolation, resulting in |onger processing
hours, or increased cost when the process is inplenented by hardware.
Moreover, in either of these conventional nethods, when interpolating, for
exanpl e, a point placed between the pixels 301, 302, 305, and 306 shown in

figure 3fitbhersuntaepee:vading ohettBén phxehr30P psctiasd oFS the ebesent for
the interpolation. However, since the |um nance value of the pixel 306
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pi xel to be generated by the interpolation is influenced by the very
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the interpolation consequently becones a val ue obtai ned by snoothing the
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invention is nmade to solve the above-nentioned "problens and has for its
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amount of;ghLY PIBLEEssing circuit for obtaining a luminance value and a
color-difference signal for each pixel, using the filter-
transmitted signals corresponding to the respective pixels and
stored in the storage circuit; and a resolution conversion
circuit for performing interpolation using the luminance wvalues
and the color-difference signals outputted from the signal
processing circuit, and the filter-transmitted signals
corresponding to the respective pixels and outputted from the
image pickup elements, thereby generating a luminance value and a
color-difference signal corresponding to a pixel to be newly
generated.

According to the color image pickup device described in

Claim 1, when generating a new pixel, the resolution conversion
circuit obtains the luminance value of the new pixel to be
generated, using not only the luminance values and color-
difference signals cbtained by performing arithmetic with the
peripheral pixels in the signal processing circuit but ailso the
filter-transmitted signals from the respective image pickup
elements, whereby blurs due to the influence of the peripheral

pixels are reduced, and a high-contrast and high-resolution



DI SCLOSURE GF THE | NVENTI ON In order to achieve the above-nentioned
obj ett, & color inmage pickup device according to Caim1l of the present
invention is provided with inmage pickug el enents having col or separation
7 filters, respectively, wherein one array pattern of the color
separation filters corresponds to four pixels that are vertically and
hori zontal | y adj acent to each other; a storage circuit for storing
filter-transmtted signals corresponding to the respective pixels and

suppl i ed funamehbe image pscdbpnidlenents; a signal processing circuit for
obtaining a |lum nance value and a color-difference signal for each pixel
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pi xels and stored in the storage circuit; and a resolution conversion

circuit o RRLLEr MhAge i piEERO|IRIHiQR WSkREdihg tyntnanee valnees and the
color-difference signals outputted fromthe signal processing circuit, and
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outputted fromthe inage pickup el enents, thereby generating a’l um nance
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to the pixel to be newly generated, which luminance value is
outputted from the signal processing circuit, and using the
filter-transmitted signals corresponding to the peripheral pixels
of the pixel placed in the position closest to the pixel to be
newly generated, which filter-transmitted signals are outputted
from the image pickup elements.

According to the color image pickup device described in
Claim 2, when generating a new pixel, the resolution conversion
circuit obtains the luminance value of the new pixel to be
generated, using the luminance value of a pixel that is placed in
a position closest to the new pixel, which luminance value is
obtained by performing arithmetic with the peripheral pixels in
the signal processing circuit, and using the filter-transmitted
signals corresponding to the peripheral pixels of the pixel
placed in the position closest to the new pixel, whereby blurs
due to the influence of the peripheral pixels are reduced, and a
high-contrast and high~resolution luminance image i1s obtained.

Further, according to Claim 3 of the present invention, in
the color image pickup device according to Claim 1 or Claim 2,

the color separation filters corresponding to the four pixels



Accordirng to the col or i mage pi ckup device described in Cdaim1, when
generatimng a new pi-xel, the resolution conversion <circuit obtains the

| um nance val ue of the new pixel to be ggenerated, using not only the

| um nance val ues and color- difference signals obtained by performng
arithnmetic with the peripheral pixels in the signal processing circuit but
also the filter-transmtted signals fromthe respective inage pickup

el enents, whereby blurs due to the influence of the peripheral pixels are
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According to the color image pickup device described in
Claim 3, the W filters, which permit the filter-transmitted
signals from the image pickup elements to be used as luminance
values, are arranged in a checker pattern, thereby reducing the
amount of arithmetic to obtain the luminance value and color-
difference signal of each pixel by the signal processing circuit,
and the amount of arithmetic to obtain the luminance value and
color-difference signal of the new pixel to be generated.

Further, according to Claim 4 of the present invention, in
the color image pickup device according to Claim 3, the color
filters are a cyan-transmitting filter and a yellow-transmitting
filter.

BAccording to the color image pickup device described in
Claim 4, the cyan-transmitting filter and the yellow-transmitting
filter which are complementary colors of red and blue,
respectively, are used as the color filters of the color
separation filters on the image pickup elements, whereby the
amount of arithmetic to obtain the color-difference signal is
minimized.

Further, according to Claim 5 of the present invention, in



Accordi'ng to the color inage pickup device described in Caim2, when
generati ng a new pi-xel, the resolution conversion circuit obtains the

| um nance val ue of the new pi xel to be i1generated, using the |um nance
value of a pixel that is placed in a position closest to the new pixel,
whi ch [um nance value is obtained by performng arithnmetic with the

peri pheral pixels in the signal processing circuit, and using the
filter-transmtted signals corresponding to the peripheral pixels of the
pi xel plaeedoibrt hRagespitvip doasest sceoriéngevs pitkeim 3vver édpill drs  due
to the influence of the peripheral pixels are reduced, and a high-contrast
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to Claim3 of the present invention, in the color inage pickup device
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pi ckup el ements are conposed of two whole-color- transmssion filters
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filters an color filters are arranged in a checker pattern.
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filter pixel) X (a factor based on the position of the pixel to be
newly generated)+ (the luminance value of the color filter pixel
outputted from the signal processing circuit).

According to the color image pickup device described in
Claim 5, when generating a new pixel, the resolution conversion
circuit obtains the luminance value of the new pixel to be
generated, using the luminance value of a pixel that is placed in
a position closest to the new pixel, which luminance value is
obtained by performing arithmetic with the peripheral pixels iﬁ
the signal processing circuit, and using the filter-transmitted
signals corresponding to the peripheral pixels of the pixel
placed in the position closest to the new pixel, whereby blurs
due to the influence of the peripheral pixels are reduced, and a
high-contrast and high-resolution luminance image is obtained.

Further, according to Claim 6 of the present invention, in
the color image pickup device according to Claim 3 or Claim 4,
when the pixel placed in the position closest to the pixel to be
newly generated is a W filter pixel, said resolution conversion

circuit obtains the luminance value of the pixel to be newly



Claim3, the Wfilters, which pernmit the filter-transmitted signals from

t he i mage pickup el-ements to be used as |um nance values, are arranged in
a checker pattern, thereby reducing they amount of arithnetic to obtain the
| um nance val ue and color- difference signal of each pixel by the signa
processing circuit, and the anmount of arithmetic to obtain the | um nance
val ue and color-difference signal of the new pixel to be generated.
Further, according to Claim4 of the present invention, in the color inmge
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According to the color image pickup device described in
Claim 6, when generating a new pixel, the resolution conversion
circuit obtains the luminance value of the new pixel to be
generated, using the luminance value of a pixel that is placed in
a position closest to the new pixel, which luminance value is
obtained by performing arithmetic with the peripheral pixels in
the signal processing circuit, and using the filter-transmitted
signals corresponding to the peripheral pixels of the pixel
placed in the position closest to the new pixel, whereby blurs
due to the influence of the peripheral pixels are reduced, and a
high-contrast and high-resolution luminance image is obtained.
Further, according to Claim 7 of the present invention, in

the color image pickup device according to Claim 3 or Claim 4,
when the pixel placed in the position closest to the pixel to be
newly generated is a W filter pixel, said resolution conversion
circuit obtains the luminance value of the pixel to be newly
generated, by calculating (a difference between filter-
transmitted signals of W filter pixels that are placed with a
color filter pixel between them) X {a factor based on the position

of the pixel to be newly generated)+(the luminance value of the



when the pixel placed in the position closest to the pixel to be newy
generfated is a color filter pixel, said resolution conversion circuit
obtains the |um nance value of the pixejoto be newy generated, by
calculating (a difference between filter- transmtted signals of Wfilter
pi xel s adjacent to the color filter pixel) X (a factor based on the
position of the pixel to be newy generated)+ (the |um nance val ue of the
color filter pixel outputted fromthe signal processing circuit).
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be ne\Mythe signal processing circuit, and using the luminance values of
pixels corresponding to the W filters whose filter-transmitted
signals can be used as luminance values, whereby blurs due to the
influence of the peripheral pixels are reduced, and a high-
contrast and high-resolution luminance image is obtained and,
furthermore, resolution conversion is realized by simple addition,
subtraction, and shift operation.

Further, according to Claim 8 of the present invention, in
the color image pickup device according to any of Claims 1 to 7,
the resolution conversion circuit obtains a color-difference
signal of the pixel to be newly generated, by performing liner
interpolation using the color-difference signals obtained by the
signal processing circuit.

According to the color image pickup device described in
Claim 8, the resolution conversion circuit obtains the color-
difference signal of the new pixel to be generated, by performing
linear interpolation using the color-difference signals which are

obtained by the signal processing circuit using the filter-



generated, by calculating (a difference between filter- transnitted
signals of color filter pixels adjacent to the W filter pixel) X (a factor
based on the position of the pixel to bgg newly generated)+(the |um nance
value of the color filter pixel outputted fromthe signal processing
circuit). According to the color image pickup device described in

Cl aim 6, when generating a new pixel, the resolution conversion circuit
obtains the | um nance val ue of the new pixel to be generated, using the

| um nancery¥akmeredd s Rinels tdRthesS vBhaceEl 1) arfy PRYILIARaCh 9S8y atkont he new
pi xel , which [um nance value is obtained by performng arithnmetic with the

peripherabupi xgts1d N therStGRl (RRACSESHBAL CLE ClbiorANY, UiRG khe
filter-transmtted signals corresponding to the peripheral pixels of the

pi xel  placgdsibd Ner PR QYS! 9L|§e§£>w$ OcbBer 1AW 1 %Rt d%r eBYabbugs, due

to the influence of the peripheral pixels are reduced, and a high-contrast
and hi ghgrgs i AddT nanGe L I . FYkth agg i ng
to Clainfé o?&#%éﬂg}égghggghve t gEVéﬁﬁgg%ﬁgﬂgongﬁﬁ ﬁggegg?c %Bmdgv?%g

accordingeg?ﬁgé@jég Nol¢ é%gﬁ&g %olo?@egrt - Pixgl placed in the position

cl osest to e pixel to newy generated 17s a Wfilter pixel, said

Lgsﬁ'e\‘j\; iyO” COBGEHQ? aBLEEHL A OPS 1S Af e JeUThaReE YAl Us, Plnd i Plxel o
the color image pickup device according to any of Claims 1 to 7,
the resolution conversion circuit obtains a color-difference
signal of the pixel to be newly generated, by using the filter-
transmitted signals corresponding to the respective pixels and
outputted from the image pickup elements.

According to the color image pickup device described in

Claim 9, the resolution conversion circuit obtains the color-
difference signal of the new pixel to be generated, by using the
filter-transmitted signals of pixels positioned in close vicinity
of the new pixel. Therefore, with respect to colors to which the
resolution of human eyes is low, contrast is not made to avoid a

sporadic change, thereby preventing the image quality from being

degraded due to pseudo colors or the like.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a block diagram illustrating a color image
pickup device according to a first embodiment of the present
invention.

Figure 2 s a block diagram illustrating a conventional color



generat.ed, by calculating (a difference between filter- transnmitted
signals of Wfilter pixels that are placed with a color filter pixel
between then) X (a factor based on the position of the pixel to be newy
generated) +(the | um nance val ue of the

12 color filter pixel outputted fromthe signal processing circuit).
According to the col or imge pickup device described in daim?7, when
generating a new pixel, the resolution conversion circuit obtains the

Iuninancgmgégiﬁiégﬁélggdy@g pi xel to be generated, using the |um nance
a pixe a

val ue of t 1S pllaced in a position closest to the new pixel,

value of fat 1 din o . the >
o hner o o EptBenS 1 o SRLALGE O G QIR ELATEL S Mdrhrgdhent

n si g processing crrcuit, using the

| um nance_val ues of i xels _c espopdin : filhers: ;

. ) ( ! § B85S 1 k
filter-tPanSMm<y e‘%ltselq:gsné)lns acggbbggugg% (gosITX %Jrglﬁoél\r%ge “Values, gﬁg}rxé%yu%l urs
due to the ,influence of the peripheral pixels are reduced, and a high-

contrast %ﬁﬂc%igh-reso!ution | 'um nance image is obtained and, furthernore,

[esol 1 on OSSN 13, 1SRl LZ B SRS AL LaD: o SUBL Sl and

{gvg?t'ogickﬂb ééﬁiééﬂégeééﬁﬁ % @BCE”Eegggéqgmﬁﬁﬁﬁ&ghﬁ%ft%h%”%rgéeﬁ%a'”B 1
invention.

Figure 5 is a diagram for explaining interpolation performed
by a resolution conversion circuit included in the color image
pickup device according to the prior art or the first or second
embodiment of the present invention.

Figure 6 is a diagram illustrating an example of arrangement
of color filters on a CCD in the color image pickup device
according to the first or second embodiment of the invention.

Figure 7 is a diagram illustrating an example of arrangement
of color filters on a CCD in the color image pickup device
according to the first embodiment of the present invention.

Figure 8 is a diagram illustrating an example of arrangement
of color filters on a CCD in the color image pickup device
according to the first embodiment of the present invention.

Figure 9 is a diagram for explaining interpolation performed
by a resolution conversion circuit included in the color image
pickup device according to the second embodiment of the present
invention.

Figure 10 is a diagram illustrating an example oI



the resol ution conversion circuit obtains a color-difference signal of the
pi xel to-be newly generated, by performing liner interpolation using the
color-difference signals obtained by thg signal processing circuit.
According to the color imge pickup device described in Caim8, the

resol ution conversion circuit obtains the color- difference signal of the

new pi xel to be generated, by performng |inear interpolation using the
color-difference signals whi ch are obtained by the signal processing
circuit i3

. h 1 mage ku
transmt #%%Q é EHT'Chleorvefrltllt((:a:;: ?na%dcﬁorlf%otntealcoy ogdjlacgnt P f ouIr3
pi xel' s. There 1 SRect I e resehytion of human
eyes is FSK% galﬂ% %%?%% égggaagéﬁg&gh sp oragﬁ!1 Eﬁenge t her eby
preventlngv |nage quality from being degraded due to pseudo colors or
the likel %ur't her, according to Caim9 of the present invention, in

the col or i nage pickup device according to any of Clains 1 to 7, the
resol ution conversion circuit obtains a color-difference signal of the

Por r espoRatRgibBbe i Pelytet i BREBBYOPE O ea from he | mage pi ckup
eIermntsEmbodiment 1.

A color image pickup device according to a first embodiment
of the present invention will be described with reference to
figures 1, and 5~~8.

In figure 1, 101 denotes an optical system which forms an
image of an object on the surface of a CCD 102. The CCD 102
converts the object image so formed into an electric signal, and
a color separation filter is disposed on each CCD element to take
out color data. A filter-transmitted signal 103 outputted from
the CCD 102 is an analog quantity, and each element of the CCD
102 has a filter-transmitted signal, i.e., a voltage value
according to the intensity of light transmitted through the
corresponding color separation filter. 104 denotes an A/D
converter which digitizes the analog signal 103 to convert it
into a digital signal 105 having 256 levels of gradation (07~255)
for each pixel. 106 denotes a storage circuit which stores the
digital signal 105 and permits random access to each value, to
permit arithmetic operation with peripheral pixels in the signal
processing that will be described later. 108 denotes a signal

processing circuit which performs processing to obtain luminance



Accordinng to the col or inmage pickup device described in Caim9, the
resol ution conversion circuit obtains the color- difference signal of the
new pi xel to be generated, by using thejgfilter-transmtted signals of

pi xel s positioned in close vicinity of the new pixel. Therefore, with
respect to colors to which the resolution of human eyes is | ow, contrast
Is not made to avoid a sporadic change, thereby preventing the inmage
quality frombeing degraded due to pseudo colors or the like. BRI EF

DESCRI PTHAY s BRAVEBGSr-di ffefaiitl &ilrad sa fRbRAckndi aggaral |4 iugidiatiosy a
col or image pickup device according to a first enbodi nent of the present

i nventi olytored 1nFtHHr§t8r§g@-é&f&ﬂ&ﬂ“f@ﬁfﬂnﬂd9|@%hb@ébng Pe §ONYEIG1 onal
col or i mage pi ckup devi ce.

Fi gure 3dd%v%x@h%ﬁréﬁkbhiﬂs%ﬁf%Hfﬁbfﬁbﬂ%§a@%%%lQEléﬁré@ﬁﬁ%&%ﬁop(H+ﬂ¥¥é¥h
filters on a CCD in the conventional color |nage pi ckup devi ce.

Figure 4.45,250hqek rdLAoERAM éé*é&Stfﬂt d13 @ Cehar chkpagerfi CRURHievi ce
according to a second enbodi nent of e present
storage circuit 106 as well as the luminance values and color-
difference signals 110 obtained by the signal processing circuit
108, and outputs luminance values and color-difference signals
112 corresponding to pixels larger in number than the pixels of
the CCD 102.

Next, the signal processing performed by the signal
processing circuit 108 will be described specifically with
reference to figures 5~7,

The signal processing circuit 108 performs processing to
obtain luminance values corresponding to the respective pixels
from the filter-transmitted signals. Figure 6 is a diagram
illustrating an example of arrangement of color filters on the
CCD 202 in the color image pickup device according to the present
invention. In the figure, W denotes elements with W filters, Cy
denotes elements with filters of cyan that is a complementary
color of red, and Ye denotes elements with filters of yellow that
is a complementary color of blue. On the CCD 102, these elements
are arranged in a checker pattern, and a pattern in a region
enclosed with a bold frame is repeated.

In each W filter section, a signal transmitted through the W

filter can be used as a luminance value. However, in Cy filter



i nventi-on. - Figure 5 is a diagramfor explaining interpolation
perf:ormed by a resolution conversion circuit included in the col or inmage
pi ckup device according to the prior ar{sor the first or second enbodi nent
of the present invention. Fi gure is a diagramillustrating an
exanpl e of arrangenent of color filters on a CCD in the color inmage pickup
device according to the first or second enbodi nent of the invention.

Figure 7 is a diagramillustrating an exanpl e of arrangenent of color
filters omayOPD1LBr BEEALOL, | RO IcekYRILBY! fiSst AL AINGDID didl i Tt
enbodi nent of e present i nvention. Figure 8 1s a diagram
|IIustrngJ kglgf arrangenent of color filters on a CCD in the
col or V|ce according to the first enbodi nent of the present

nvention. gerefd S Oy 3o0LBELAN {AL AHALARINGHQECLROLAL! €

performed by a reso Ut dn conver5|on circuit In t e Cco i mge
Dl okUP 0 32 AREREJONOL L O D10 gr%%%ggaqgné pludde g GHENL pd NVenti on.
Figure 107sa di granll n exa i

15 arJan epent LHCOI r f%éé6¥éséigd%eC9D in the color inmage pickup

Figure 7 is a diagram illustrating an example of arrangement
of color filters on the CCD 102 in the color image pickup device
according to the first embodiment. In the figure, Cyn positioned
in the center is a pixel the luminance value of which will be
generated hereafter. Further, Cy,, W,, Cy,, and W, are pixels
positioned in the horizontal direction with respect to the Cyn,
and Cy,, W,, Cy,, and W, are pixels positioned in the vertical
direction with respect to the Cyn. These peripheral pixels are
used in the process to obtain the luminance value of the Cyn in
the center.

Next, a description will be given of the process to obtain
the luminance value. Since the luminance value of the pixel
corresponding to the Cy filer can be obtained by adding the red
component to the signal transmitted through the Cy filter, the
red component is generated from the peripheral pixels. At this
time, the red component is generated utilizing either the
vertical direction or the horizontal direction. Since the
precision can be increased without being affected by the edges
and the like when using either direction having the stronger

correlation, initially, the wvertical correlation and the



devi ce“according to the second enbodi nent of the present invention.
BEST MODE TO EXECUTE THE PRESENT | NVENTI ON Enbodi ment 1. A col or
i mage pi ckup device according to a firsggenbodi nent of the present
invention will be described with reference to figures 1, and 5-8.
figure 1, 101 denotes an optical systemwhich fornms an image of an object
on the surface of a CCD 102. The CCD 102 converts the object inmage so
nto an electric signal, and a color separation filter is disposed

formed i
on each

R ieleant cberk akei oRUir £ ddpaddiiawifhf thtRrotiamnsm Adadnisignal
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103 outputted from the CCD 102 is an analog quantity, and each el ement of
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circuit which perforis RLOCESSENM 10 WY, YALNGPE age of the red

components in the W, position and the W, position is added to the
signal transmitted through the Cyn filter, thereby obtaining the
luminance value in the Cyn position. The red component in the W,
position is obtained by subtracting the cyan component in that
position from W,, and the cyan component in the W, position is
obtained as the average of Cy, and Cyn. Accordingly, the red
component in the W, position is obtained as follows:
(W,- (Cyn+Cy,) /2)
Likewise, the red component in the W, position is obtained as
follows:
(W,— (Cyn+Cy,) /2)
Therefore, the red component in the Cyn position is obtained as
follows:
{ (W,- (Cyn+Cy,) /2) + (W,~ (Cyn+Cy,) /2)) /2
By adding the Cyn-filter-transmitted signal to the obtained red
component, the luminance value in the Cyn position is obtained as
follows:
Cyn/2+W,/2+W,/2-Cy,/4-Cy,/4 Lo f1)

Likewise, when the vertical correlation is strong, the luminance



16 ‘val ues and col or-difference signals fromthe digital signal 105
storred in the storage circuit 105. 109 denotes a resolution conversion
circuit which perforns resolution convegfgion utilizing values 111 fromthe
color filters of the CCD stored in the storage circuit 106 as well as the
| um nance val ues and color- difference signals 110 obtai ned by the signal
processing circuit 108, and outputs |um nance val ues and col or-difference
signals 112 corresponding to pixels larger in nunber than the pixels of

the CCD 1Aye in th¥e¥yn %B@iﬂ&ﬂ@ls RiRGesengspesioswed by the signal
processing circuit 108" will be described specifically wwith reference to

figures 5-7. The sdég{}@lJery@%ggLags,QjJ@gyg 108 pesforms processing to
0

obtain | um nance val ues rrespondi'ng 0’ the respective pixels fromthe

filter-transm %%géré%ff ,gp@% ﬁelfia%urtﬁe@e:'ys%&@%@&wﬂ Sl alinAgaaBeexanpl e

of arrangenent ters on th 202 1 n the col or inmage pickup

Sevce SR TR LR Bl AL ol e Ly et

el enents W es el emnmen ters of cyan that is

cor v £ TSRO RRY, RO R et i el
el ements value in the Ye filter section will be described with reference
to figure 8.

Figure 8 is a diagram illustrating an example of arrangement
of color filters on the CCD 102 in the color pickup device
according to the first embodiment of the invention. In the
figure, Yen positioned in the center is a pixel the luminance
value of which will be generated hereafter. Further, Ye,, W;, Ye,,
and W, are pixels positioned in the horizontal direction with
respect to the Yen, and Ye,, W,, Ye,, and W, are pixels positioned
in the vertical direction with respect to the Yen. These
peripheral pixels are used in the process of obtaining the
luminance value of the Yen positioned in the center.

Since the positional relationships among the peripheral
pixels of the Yen are identical to the positional relationships
among the peripheral pixels in the case of the Cy filter, the
luminance signal of the Yen can be obtained by the same procedure
as that described for the Cy filter. That is, Cy in formulae (1)
and (2) is replaced with Ye, and the relationship between the
vertical correlation and the horizontal correlation is obtained

in the same manner as described for the case of obtaining the



are arranged in a checker pattern, and a pattern in a region enclosed with

a bold frame is repeated. In each Wfilter section, a signa
transmtted through the W filter can beoused as a | um nance val ue.

However, in Cy filter 17 and Y
filter sections, |lum nance val ues nust be obtained using peripheral

pi xel s. Hereinafter, how to obtain the |lum nance value in the Cy
filter section by the signal processing circuit 108 will be described with

referencel i ddritl &7allue of thki gUfif and Stie dikghanck! kughaatohgtlen wxanpl e
of arrangenent of color filters on the CCD 102 in the col or inmage pickup

devi ce ag&®rEd nibtiO reie afsi £olL 16Whogltd®ding td el keUEE: okNi P asd twarred
in the center is a pixel the |um nance value of which will be generated

her eaf t ergne RiAtiNa1 CHrokihti¥heshd  tkey hodndnther chraseapixel s
positioned in the horizontal direction with respect to the Cyn, and

Cy[err], WB, Opfie 208iN¥naEevPluee!in RO e@NBEst i dhames] tinedhordizbaghion
with respect to the Cyn. These peripheral pixels are wused in the process

to ob;aipc5f§é4#m%ﬂpqus%§bﬂg ot LherOyibddt the center. Next, a
description w e given of "the process to obtain
Yen/2+W,/2+W,/2-Ye,/4-Ye,/4

The luminance value in the Yen position when the vertical

correlation is strong is as follows:
Yen/2+W,/2+W,/2-Ye,/4~Ye,/4

In this way, since the color separation filters as shown in
figure 6 are disposed on the respective elements of the CCD 102,
when the luminance values corresponding to these elements are
obtained by the signal processing circuit 108, the luminance
values in the W filter sections can be obtained without
performing arithmetic operation with the peripheral pixels.
Further, also in the color filter sections, although the
utilization range of the peripheral pixels is broader than that
of the conventional technique, since the present invention uses
the luminance values in the W filter sections and thereby the
weight on the target pixel is 1/2 while the conventional
technique uses the average of four pixels and thereby the weight
on the target pixel is 1/4, an image with very little blur as a
whole can be obtained.

Next, how to obtain a color-difference signal by the signal

processing circuit 108 will be described. Like the conventional



t he | uri nance val ue. Since the lum nance value of the pixel corresponding
to tthe Cy filer can be obtained by adding the red conponent to the signal
transmtted through the Cy filter, the gred conponent is generated fromthe
peri pheral pixels. At this tinme, the red conponent is generated utilizing
either the vertical direction or the horizontal direction. Since the
preci sion can be increased without being affected by the edges and the

| i ke when using either direction having the stronger correlation,

initiall¥ethbe, VE&rdd - LOrfetledlde0Bignd1 t B8mprising a pair of Cr and Cb
18 hori zontal correlation are conpared with each other. Assum ng that

the hori zoni ahe COS# £l fdd HbY TR G ffBQEe?QﬁeJQ@I vegsr e fdergnca V@ and the
vertical correlation is a differénce between WB and Werr], the vertical

correl at 4R+ $p L 5ONG WG &fifden 3FdthBecaboryzont al abrelatirepehsest rong
when [err]. So, when the horizontal correlation is strong, the average of

the red ¢ n id I i Lhen t 4 08%blr0pi ks1 added
SEQHEY EQhSrd {hdd1 el lgﬁpt@%eaho&}nc ngs tdia I JeoROFbk0B1 k&1 adde

to the s transmttwe ilter, thereby obtaining the
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position iI'S” obtfai ne tracting the cyan cofrponent in that position

from Weppteq2Pfat Ner V@ CARARALe! BetNEe N &L |- PHdRRehE and the

luminance valiue, and Cb is a difference between the blue
component and the luminance value. Hereinafter, the manners to
obtain Cr and Cb will be described separately.

In order to obtain Cr, initially, the influence quantity to
the luminance value of red included in light is obtained by W-Cy.
Although there are two W in the bold frame shown in figure 6,
either may be used. Since the red component used to obtain Cr
means the absoclute value of the luminance value of red, it is
necessary to correct W-Cy by multiplying it with a constant.
Here, the order of 0.3, which is generally used as the influence
ratio to the luminance value of red, is used, and the red
component is obtained by (W-Cy)/0.3. According.y, Cr as a
difference between the red component and the luminance value is
obtained as follows:

Cr = (W-Cy)/0.3-W = (0.7W-Cy)/0.3 A C )

Next, in order to obtain Cb, initially, the influence
quantity to the luminance value of blue included in light is
obtained by W-Ye. Although there are two W in the bold frame in

figure 6, either may be used like in the above-mentioned case of



obt ai néd as-the average of Cy[err] and Cyn. Accordingly, the red
conponent in the Werr] position is obtained as foll ows:

[err] Likew se, the red conponent in the W2 position is obtained as

fol |l ows: [err] Therefore, the red conmponent in
the Cyn position is obtained as foll ows: [err] By adding
the Cyn-filter-transmtted signal to the obtained red conponent, the

| um nance value in the Cyn position is obtained as follows:

[err] L'o'ﬁ%\él'lﬁﬁn?\’\bgn t bervRet] CalnCOriRl afiiven cofipshéghgusédietd wotwnce
19 value in n p05|t|on I s obtained as foll ows:

[err]  cb mEdhsNehe élﬁsaﬁ\ﬁxh&e aga e P thiel tami 886¢é Ol dded WIegnae iwal ue
in the Ye filter section nust be obtained utilizing the peripheral pixels

and, her ?le%%f Es&aehe%wr@@é Frvd B, IdTARNGeng Vel Uit 4 heonkedhitl.t er

section w | scribed wth reféerence
Here, the order of 0.1, which is generally used as the influence

ratio to the luminance value of blue, is used, and the blue
component is obtained by (W-Ye)/0.1l. Accordingly, Cb as a
difference between the blue component and the luminance value is
obtained as follows:

Cb = (W-Ye)/0.1-W = (0.9W-Ye)}/0.1 oo {4)

In this way, since the Cy filter and the Ye filter which are
complementary colors of red and blue, respectively, are used as
the color separation filters on the image pickup elements, the
amount of arithmetic to obtain the color-difference signal can be
reduced.

While in this first embodiment the amount of arithmetic to
obtain the red component and the blue component using Cy and Ye,
which are complementary colors of red and blue, is minimized,
this is merely an example. Even when using different two kinds
of color filters other than mentioned above, a favorable image
with less blurs can be obtained by very simple arithmetic as
compared with the conventional technique.

Hereinafter, the process performed by the resolution
conversion circuit 109 will be described with reference to
figures 5 and 6.

Figure 5 is a diagram for explaining interpolation performed



to figure 8: Figure 8 is a diagramillustrating an exanpl e of
arrangenent of color filters on the CCD 102 in the col or pickup device
according to the first enbodi nent of thesginvention. |In the figure, Yen
positioned in the center is a pixel the |um nance value of which will be
generated hereafter. Further, Ye[err], Werr], Ye[err], and Werr] are

pi xel s positioned in the horizontal direction with respect to the Yen, and
Ye3, WB, Ye[err], and W are pixels positioned in the vertical direction
W th resppettieo riek@l¥edonTheseer pisn plierali tpilvel $natke usebor nimdwe process
of obtaining the [|um nance value of the Yen positioned in the center.

Si nce t heyjpagig ideRdlcer ababranshi s MY ridie cpebbiphenstl of ptkel snwdnttim .Yen
are identical to the positional relationships anong the peripheral pixels

in the case wfe tHQuee, 6l Hehotéhea piEINARCHShERAY 6brihde, Yemd dan be
obtai ned by the same procedure as that described for the Cy filter. That

is, Oy i ydryray %ep(il%)el 8BYi£2dni &n ropd aged 10it BhYe, iandLédest edatdranshi p

betmeen the vertical correl ation and_the hori zont al correlatipn_is
obt ai ned pdip Mg ST sRANBEE o8 desdrd Bad 0 okhe 6aseo0f tigbtaimiTa t he

20 | um nance value of the Cyn, and'the | um nance signal of the Yen
that are adjacent to the pixel A.

Hereinafter, a description will be given of interpolation in
the case where the pixel A is a W filter. When the pixel A is a
W filter, as shown in figure 6, there are two cases where the
pixel B and the pixel C are Cy filters and the pixel D and the
pixel E are Ye filters, and where the pixel B and the pixel C are
Ye filters and the pixel D and the pixel E are Cy filters.
However, both cases are under the same condition when the image
of figure 6 is rotated by 90 degrees, and the luminance value of
the new pixel G can be obtained by the same process and,
therefore, only the case where the pixel B and the pixel C are Cy
filters and the pixel D and the pixel E are Ye filters will be
described hereinafter.

In order to obtain the luminance value of the new pixel G,
initially, the amount of change in luminance values must be
obtained using the luminance values of pixels B and C. However,
if the luminance values of the pixels B and C, which have already
been obtained by arithmetic operation with the peripheral pixels
in the signal processing circuit 108, are used, the generated

image might become blurred as in the conventional technique.



can be ‘obtained as follows according to the relationship between the
vertical-correlation and the horizontal correlation. The | um nance
value in the Yen position when the horiggntal correlation is strong is as
fol | ows: [err] The | um nance value in the Yen
position when the vertical correlation is strong is as follows:

[err] In this way, since the color separation filters as shown in
figure 6 are disposed on the respective elenents of the CCD 102, when the

| um nance val ugse £OdrRSPARditRE st €1 FBESEMSIRIRINS oF @heObhabnedohy the
signal processing circuit 108, the |lum nance values in the Wfilter

sections jeannke ebtaLAGE W tNAMina Ry FANNERY r b HABld £ APamt idRmdiskh the
peri pheral pixels. Further, also in the color filter sections, although

the utlldzalican EABAGe Oy UNGDRIINGLAkeR! KELReLS braaderid han that of

t he conventional techhique, since the present 1nvention uses the |um nance
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11 echn

is 1/2 fHe conventional t i que uses the average of four pixels
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col or-di ff erenee s gnal by fhe 543l RLIGEISLRO:SL TElid1 <108 M b Bge
composed of only the cyan component. However, in a natural image,
it is rare that only a specific light component changes when the
contrast changes and, generally, all color components change at
equal ratio. Accordingly, as described above, it is possible to
express the amount of change in luminance values on the
assumption that the change in the luminance values from the pixel
B to the pixel C is in proportion to the difference in the
filter-transmitted signals B' and C' (C'-B') between the pixel B
and the pixel C.

Therefore, assuming that the transmission ratio of the Cy
filter to the W filter in the white light is Q (Q<1), the change
in the luminance values from the pixel B to the pixel C is
expressed by (C'-B')/Q. Likewise, assuming that the transmission
ratio of the Ye filter to the W filter in the white light is R
(R<1l), the change in the luminance values from the pixel D to the
pixel E is expressed by (E'-D')/R. Here, B' to E' are the
filter-transmitted signals corresponding to the pixels B to E,
respectively.

Accordingly, the luminance value of the new pixel G can be



21 “met hod, a color-difference signal conprising a pair of C and Cb

w || be obtained for every four pixels. Hereinafter, a description wll
be given of the case where a color-diffgegence signal conprising a pair of
Cr and Cb is obtained for four pixels enclosed with the bold franme shown
in figure 6. It is to be noted that Cr is a difference between the red
conponent and the |um nance value, and Cb is a difference between the blue
conponent and the | um nance value. Hereinafter, the manners to obtain Cr

and Cb Wphkabgedeseridety seRanatiinbnce valubNoPrded gikeaabtgi fher amount
initially, the inflTuence quantity to the |lum nance value of red included

in lightgi Scﬁgﬁ%nﬁeﬁ%\g&lnar@é %ﬂgast ResR @& gMeIWE Rd haebghdelrane

shown in figure’6, may be use Since the red conponent used to

obt ai n C%ndméﬁgsaﬁl%?n@\?ég'%ﬁr%‘ﬁa'tﬁet% &Bﬁihéﬂﬂéﬂ%ﬁe\éﬁ'f&npfth"eeﬁix%lhgs

necessary to corre iplying i1t wih a constant. Here, t

order of _Q. i i l\l.y..used as the influence ratio to the
Iuninancggngagg%%Q%é%ﬁggge%@g',sdnd the red conponent is obtained by

e oL 19 o8P R RS0 P B 2 e o componet. anc

When the order of 0.7 is used as the value of Q and the
order of 0.9 is used as the value of R, the luminance value of
the new pixel G is obtained as follows:

A+3X (C'-B')/0.7/2-1X (E'-D')/0.9/2

That is, the resolution conversion circuit 108 captures the
luminance value of the pixel A from the path 110 shown in figure
1, and obtains the amount of change in the luminance values from
the pixel B to the pixel C and the amount of change in the pixel
values from the pixel D to the pixel E, by using the filter-
transmitted signals of the pixels B to E that are captured from
the path 111, without using the luminance values from the path
110 that might cause blurred image.

Next, when the pixel A is a Cy filter, since all of the
pixels B to E are W filters as seen from figure 6, the values of
the pixels B to E can be used as the luminance values.
Accordingly, the luminance value of the new pixel G is obtained
by using the luminance values of the pixels B to E outputted from
the signal processing circuit 108 as they are, without using the
luminance values obtained by arithmetic operation with the

peripheral pixels.



Next, i‘n order to obtain Cb, initially, the influence quantity to the

| um-nance val ue of blue included in light is obtained by WYe. Although
there are two Win the bold frame in fggure 6, either may be used like in
t he above-nentioned case of 22
obtaining Cr. Further, since the blue conponent used to obtain Cb neans

t he absol ute value of the | um nance value of blue, it is necessary to
correct WYe by nmultiplying it with a constant. Here, the order of 0.1,
whi ch is genermd dainisadt9s at BescripuessewiTRtie divehhefl thknaase wia¢oe of
blue, is used, and the blue conponent is obtained by (WYe)/O0.1.

Accor di nghyg, lﬁﬁlﬁﬁnée Gaiﬁ@ﬂ@@Gﬁu@@k%ﬁ@axbheGbigeow@ﬂmﬂnfmknﬁ@dthhe
| um nance value is obtained as follows: (WYe)/0.1-W=

(0. OW Ye) i hance- vaiﬂés outputted Hren\@Ye §igeel the ééééld§fﬁlﬁwmdttﬂ68Ye
filter which are conplenentary colors of red and Iue respectively, are

used as the colQl. SERALAKLR bl EBRSqONiI & h@hé MRGA rRihckuRatheseRtsn the
anount of arlt netlc to obtain the color-difference signal can be reduced.

Wile in p1 g, Bl £8! cRODOSL LIPS {mlazm@h eir@&tié‘x‘i'?tw {co-)0ht, aithet Rewr ed
conmponen the bl'ue ctonponent using Cy a e,

pixel G as a component in the horizontal direction, which is
distance j apart from the pixel A in the horizontal direction,
may have a luminance value that is jX (C-B)/2 larger than the
luminance value of the pixel A. Further, also in the vertical
direction, the luminance value of the pixel G is iX (E-D)/2
smaller than the luminance value of the pixel A. Accordingly,
the luminance value of the new pixel G can be obtained by usin
the luminance value of the pixel A, the amount of change in the
luminance values from the pixel B to the pixel C, and the amount
of change in the luminance values from the pixel D to the pixel E,
as follows:

A+3y* (C-B) /2-i* (E-D) /2 .. (9)

Although the resolution conversion circuit 109 captures the
luminance values of the pixels A to E from the path 110 shown in
figure 1, since all of the pixels B to E are W filters when the
pixel A is a Cy filter, the luminance values outputted from the
path 110 and the filter-transmitted signals outputted from the
path 111 have the same values and, therefore, the resolution
conversion circuit 109 may capture the values cf the pixels B to

E from the path 111, like in the above-mentioned case where the



whi ch are conpl enentary colors of red and blue, is mninmized, this is
nerely an exanple. Even when using different two kinds of color filters
ot her than nentioned above, a favorabl egimage with |ess blurs can be
obtained by very sinple arithnmetic as conpared with the conventi onal

t echni que. Hereinafter, the process perforned by the resol ution
conversion circuit 109 will be described with reference to figures 5 and
6. Figure 5 is a diagramfor explaining interpolation perforned

23 bypihe rmes@l ut worrigeaversion circuit 109 in the color image pickup
device according to the first enbodi nent of the invention. |In the figure,

G denotes a pi xebnt@nde feaM i Or Med,s andeAr; de8P! esiedixgl JF0Hhel on on
the CCD 101 that is closest to the new pixel G and B to E denote pixe

pOSitiOnspé¥iﬁﬂgié%j@i&Q%rstQ?anﬁeafgjﬁ“¥¥ﬂtéf% §RgePEXeknd case where

Her ei naf ter, escription will be given of interpolationin the case

where theupligldh 1913 W Eh) kot relibn 2hie o) aloudel 4y el Lkdiands shoun

in figur ere are two"cases where B and e pixel Care Cy

filters a@n%lt%{eofp!%%: ngwg?gxteh]eG Bgﬁ(eﬂ)e B A nky il LRES 5RO YRREL dhe

pi xel B a e pixe
described for the case where the pixel A is a Cy filter.

As described above, when generating a new pixel, the
resolution conversion circuit obtains the luminance value of the
new pixel G by using the luminance value of the pixel placed in
the position closest to the new pixel, which luminance value 1is
obtained by arithmetic operation with the peripheral pixels in
the signal processing circuit, and using the filter-transmitted
signals of the peripheral pixels of the pixel positioned closest
to the new pixel. Therefore, blurs due to the influence of the
peripheral pixels can be reduced, resulting in a high-contrast
and high-resolution luminance image.

In this first embodiment, when the pixel A is a W filter,
the new pixel G is obtained by using the filter-transmitted
signals of the pixels B to E captured from the path 111 to obtain
a high-resolution luminance image. However, even when the new
pixel G is obtained by using the luminance valucs of the pixels B
to E captured from the path 110 as in the conventional technique,
the amount of arithmetic to obtain the pixel G can be reduced Dby
obtaining the luminance value of the pixel G using formula (5},

although there is the risk of blurs.



cases are under the sanme condition when the image of figure 6 is rotated
by 90 degrees, and the |um nance val ue E t he new pi xel G can be obtai ned
by the sane process and, therefore, on?y the case where the pixel B and
the pixel Care C filters and the pixel D and the pixel E are Ye filters

will be described hereinafter. In order to obtain the |um nance
va:ue of thebnem/pixel G initially, the anobunt of change in |um nance

val ues nust be,_opt ai | Lunt pance,, v. . Ri%el d-C
However, if the %ﬁﬁ%gﬁggﬁgg?ﬁegﬁgﬁ‘gagabig%fgl% gﬁ%aégo%ﬁi%hgﬁgge al r eady

been obt aj. b i th i i ] j i xels: A

st gnal dprcb&&?e ; hg%é}s&gﬁ‘ﬁ%' $halRE RARD. & D) BUCaRET L PRER Satld® Sincd B0
urred as in the c ti | technj . Co

24 Te SOl EFoPe. BIREE LSS | 1o 1 BB ERePEFE FR TRV G e

anount of change in Igninance valuesr&i ob%gined n_t he $re 1se ..that the

change i M9 A PGEP LB CORE RS fBkI% SUIIFR CBrBBSrITEYT {1

difference in the filter-transm tted signals between e pixels. F
exanpl e, a%% R I5iVxEF B BRGIERE '%aﬁg 5§9ﬁﬁ§l§§EVFI%2V§QI%ﬂ%SIun?Lance

values at the pixels B and C are ,
preferable for the color difference and, therefore, linear

interpolation is carried out in this first embodiment as in the

conventional technique.

Embodiment 2.

Hereinafter, a color image pickup device according to a
second embodiment of the present invention will be described with
reference to figures 4 to 6, 9, and 10. Figure 4 is a block
diagram illustrating a color image pickup device according to the
second embodiment of the invention. As shown in figure 4, the
constituents of the color image pickup device according to the
second embodiment are identical to those of the first embodiment
except a resolution conversion circuit 401. Therefore, in this
second embodiment, a description will be given of only the
resolution conversion circuit 401 which is different from the
resolution conversion circuit 109 in the color image pickup
device of the first embodiment, and the constituents other than
the resolution conversion circuit 401 will not be described.

Figure 9 is a diagram for explaining interpolation performed

by the resolution conversion circuit in the color image pickup



conposed of “only the cyan component. However, in a natural image, it is
rare that only a specific light conponent changes when the contrast
changes and, generally, all color conpoggnts change at equal ratio.

Accordi ngly, as described above, it is possible to express the anmount of
change in | um nance values on the assunption that the change in the

| um nance values fromthe pixel B to the pixel Cis in proportion to the
difference in the filter-transmtted signals B and C (C -B') between the

i xel B h ' e ] ts T-NSM1SSi on
Puxh o B SHERLS, co pre ISR Bbociasle 08 WehetiGnaTSe o7

change gﬂﬁig?gk?%i?%gggﬁygiygfegergﬂeg%epbﬁﬁg%B?%Qiﬁfﬁhéﬂ3ﬁﬂtﬂéidtD 101,

expresse ew se, assum ng e transm ssion ratio of

the Ye filleg L@ tg§r¥$ggliﬁ%i%é%é:Eﬁ%%%ﬁq?ﬁkkgﬂtQé?ié?oﬂggj)Astéﬁ% ange in

the | um nance val ues omt I Xe e pi 'S expressed by

E-D)/R , ' ' fi.l - ] ' ndi
E? tﬂe) piwaH?léﬁ%'E%ﬂeﬁeg%ééﬁ%@ Bl RIS TRE By A AR LRLERERORT T
of the new pi.xel G

ot i ned LIS R FHE. Fo hAhCH: VTGRS BYeROR = PR bR FEome:

assuming that the distance between adjacent pixels on the CCD 101
is 1, pixels 901 to 904 after interpolation are respectively
positioned at a distance of 1/4 from the pixel A in the vertical
and horizontal directions, that is, the pixels 901 to 904 after
interpolation are positioned at equal distances from the pixel A.
Therefore, this interpolation can be regarded as expansion of the
pixel A on the CCD to the four pixels 3901 to 904.

Hereinafter, the process performed by the resolution
conversion circuit 401 will be described.

Initially, a description will be given of the process in the
case where the pixel A is a Cy filter. Since pixels B to E are W
filters when the pixel A is a Cy filter (refer to figure 6}, the
values from the CCD filters corresponding to the pixels B to E
can be treated as luminance values, as they are. Therefore, the
amount of change in the luminance values from the pixel B to the
pixel C (horizontal direction) is (C-B)/2, and the amount of
change DX when the pixel A is shifted by 1/4 in the horizontal
direction is obtained by DX=(C-B)/8. Likewise, the amount of
change DY when the pixel A is shifted by 1/4 in the vertical

direction is obtained by DY=(E-D)/8. Accordingly, the luminance



of charige in the IUninahce val ues fromthe pixel B to the pixel C,  and the
anmount of change in the |lum nance values fromthe pixel D to the pixel E,
as follows: [err] go Wen the order of 0.7 is used as
the value of Q and the order of 0.9 is used as the value of R the

| um nance value of the new pixel Gis obtained as foll ows:

[err] That is, the resolution conversion circuit 109 captures the

I um nance val ue of the pixel A fromthe path 110 shown in figure 1, and
obtains LAY RXOUR! 98T, CY8R0Cob D, A1y IdiH RARCEVBLUEINLA OB £dEIdidcel B Lo

t he pixel C and thé ahount of change in the pixel values fromthe pixel D
to the pixel Y 1Usk e fille it hedy sk gRal spPfrhdesRingl s B
to E thaﬁégfgﬁgg%t&#@%HgP%%1v%ﬁ%éﬁ%§Hj%%%£§%$tﬁongusing tﬁe Iunfﬁ%nce
values fromthe.path. t 1L,aht 1 [ the pixd¥ex iavhen
t he pi xelPs qes,ssé'%%ygflfc%%g}:, E@%h&%ﬁ“@#ﬁﬁ? %ﬂ%gg?sggg%ot Ee aglex Wi Iltser S
as seen framfigure.g, the_yalues of . the pixels o.E.C d as the
| um nancesr\fgt&éjs%y A?éo?’ﬁi ﬁa?y\,’e]f%%cﬁlur#nrée%gel%\k}él EE&OFE? h%ﬂ?%%\%: lesiiel Gis
obt ai ned by usi the |um nangce, val.ues of .the pixels, B utted from
the si gnaqh"d’rgc?cé’gginnﬁgéi P&ﬁﬁ? gLOJBS a%hlt%eexfj éjryeji/%i %ﬁog}f‘e u%‘?%lgz Fleapi | umi nance

val ues obtained by arithnetic operation with the peripheral pixels.

direction.
901 ... A - DX + DY
902 ... A + DX + DY
903 ... A - DX - DY
904 ... A + DX - DY

As described above, since the W filters and the color

Hh

ilters are arranged in a checker pattern as the color separation
filters of the image pickup device, the luminance value in each W
filter section can be obtained without performing arithmetic
operation with the peripheral pixels. Therefore, the luminance
value of the pixel to be newly generated can be obtained by very
simple arithmetic operation and, further, blurs in image that
occur during interpolation by the resolution conversion circuit
401 can be minimized, resulting in a favorable image.

Even when the pixel A is a Ye filter, all of the peripheral
pixels B to E are W filters (refer to figure 6) as in the case
where the pixel A is a Cy filter. Accordingly, the luminance
value at the pixel G can be obtained in the same manner as
described for the case where the pixel A is a Cy filter.

Next, when the pixel A is a W filter, therz are two cases



26 E ‘Hereinafter, a description will be given of the case where the
| um.nance val ue of the new pixel Gis obtained using the |um nance val ues
out putted fromthe signal processing cigicuit 108. Si nce the anmount of
change in the |l um nance values fromthe pixel Bto the pixel C (horizontal
direction) is (GB)/2, the new pixel G as a conponent in the horizontal
direction, which is distance j apart fromthe pixel Ain the horizontal
direction, nmay have a |um nance value that is j X (CB) /2 larger than the

| um nancgpyal ughOfpit:he B 5eld éheF%&gagrc s Ty Fitlhe reehidcahe gixertbon,
the | um nance val ue of the pixel isiX(E-D/2 smaller than the

| um ”?”Cﬁnaa{h@ fxd NG RireelyeAriAGeoEdi AGh Winhedd1@HeugiR@NCE wabuenhof the
new pi xel G can be obtained by using the |um nance val ue of the pixel A

Lhe anougl,of €NPRY%d TR rdl URNRAECOYRLLES ddOMmHNDiRexeE Brbockhe pixel

C, and the anount ange in the |um nance val ues omthe pixel Dto

t he pixek%ggergs fﬁ%&&@@f, these cases are unddt fAE BInd Zorditibnbihed - 5

Al t hough resol Ut on conversion circuit 109 captures the |um nance

Ual oS OLLNEBIITE AGRE S CATERS-9Rthy 0 M ord Qeemigbnce o
IuninancsaYgéug§ éﬁgi%§§é¥jé'E%n5%hgewly generated car be obtained by the
same process and, therefore, only the case where the pixel B and
the pixel C are Cy filters and the pixel D and the pixel E are Ye
filters will be described hereinafter.

The positional relationships among the filters in this case
is shown in figure 10. Figure 10 is a diagram illustrating
arrangement of the color filters on the CCD in the color image
pickup device according to the second embodiment of the present
invention. In the first embodiment, when obtaining the amount of
change in the luminance values in the horizontal direction, the
difference between Cy, and Cy, shown in figure 9 is multiplied
with the transmission ratio and the result is used to prevent the
image from becoming blurred due to use of the luminance values
obtained by arithmetic operation with the peripheral pixels.
However, to simplify the arithmetic operation, this second
embodiment employs W, and W, which are positioned outside Cy, and
Cy,, and the luminance values of which have already been known.
That is, the amount of change in the luminance values in the
horizontal direction is (W,-W,). However, since W, and W, are by 4

pixels apart from each other, the amount of change for one pixel



path 110 and the filter-transmitted signals outputted fromthe path 111
have the sane values and, therefore, the resolution conversion circuit 109
may capture the values of the pixels Bstezo E fromthe path 111, like in the
above- nenti oned case where the 27
pixel Ais a Wfilter. Even when the pixel Ais a Ye filter, since
all of the peripheral filters Bto E are Wfilters |ike in the case where
the pixel Ais a Cy filter (refer to figure 6), the |um nance value of the
new pi xepeéomsd tg-wht/Ai,nethd nhkehemsane ofntteanges DXdewar ilfddpiiselt he case
where the pixel Ais a Cy filter. As descri bed above, when generating
a new pix&tond Nx~ @5ONULA1E caidekdisen ehécamdumbiat nchdye IDynifoanté4val ue
of the new pixel G by using the |um nance val ue of the pixel placed in

the posifpigm closed dedtikainawrpexebn Midied wy=nance,)valeue iEvenolhahned
by arithnmetic operation wth the peripheral pixels in the signal

processi pgs Ghicah ta iand ysismqrbhe filiereid ansd WheGe shenpisedfathe a

peri pheral pixels of the pixel positioned closest to the new pixel.

Thereforg, bl s, dugid 9. 1% anREl YeNGes of tdie, pRYd Phesal apiuxebs gas be
reduced, fesi ting 1n a high-contrast and high-resolution |um nance i nage.

obtained as follows, using DX, DY, and the luminance value of the

pixel A.
901 ... A - DX + DY
%02 ... A + DX + DY
903 ... A - DX - DY
904 ... A + DX - DY

As described above, the luminance value of a pixel to be
newly generated is obtained by using the luminance value of a
pixel that is positioned closest to the new pizel, which
luminance value is obtained by arithmetic operation with the
peripheral pixels in the signal processing circuit, and using the
luminance values of pixels corresponding to W filters whose
filter-transmitted signals can be used as luminance values.
Therefore, biurs due to the influence of the peripheral pixels
can be reduced, whereby a high-contrast and high-resolution
luminance image is obtained and, moreover, resolution conversion
can be realized by simple addition, subtraction, and shift
operation.

The luminance values of the pixels corresponding to the W

filters may be captured from any of the paths 110 and 111 shown



In this first enbodi ment, when the pixel Ais a Wfilter, the new pixel G
Is obtained by using the filter-transmtted signals of the pixels Bto E
captured fromthe path 111 to obtain agfigh-resolution | um nance inage.
However, even when the new pixel Gis obtained by using the |um nance
values of the pixels B to E captured fromthe path 110 as in the
conventional technique, the anount of arithnetic to obtain the pixel G can
be reduced by obtaining the |um nance value of the pixel Gusing formla

(5), al ihogghuther epéSatide tHSK @finBhdeSvalues outputted from the path
As for a nethod of obtaining, by interpolation, a color-

d' fferengegoshgpat gahtibgl ptxednSwaauke BeWENe OENEt @t -etharniaeeldn@ignals
resolution of human eyes is lowwith respect to colors, it is useless to

make a cg@kbg§gedaggaﬁ sggqgﬂjphgnge degrades the image quality as a
pseudo color. Accordingly, blurs are preferable for the color difference

and, theref Or%nﬂef# treNe8 ROl 8hbOM hén €A Hd RDIQHL dlirbhbficki §8¢nal is
embodi ment as 1n t conventional techni que. Enbodi ment 2.

Herei naf (g6 »;3.60h9 11 ABYE AlGKHR198Y0e 3RGOREE ML will be
described in this second embodiment. In figure 5, assuming that
the pixel to be newly generated is G, three pixels as follows are
selected: a pixel with a W filter positioned closest to the pixel
G, a pixel with a Cy filter positioned closest to the pixel G,
and a pixel with a Ye filter positioned closest to the pixel G.
As is apparent from the filter arrangement shown in figure 6, all
of these pixels are always present in the 2X2 pixels including
the G position. To obtain the color-difference signal at the
pixel G, Cr and Cb are obtained using these values, according to
formulae (3) and (4) that are identical to those used when the
color-difference signal is obtained by the signal processing
circuit 108 of the first embodiment.

Cr = (W-Cy)/0.3-W (0.7W-Cy) /0.3 .. (3)

I
It

Cb (W-Ye)/0.1-W (0.9W-Ye) /0.1 o..(4)

As described above, since the color-difference signal of a
pixel to be newly generated is obtained using the filter-
transmitted signals of the pixels in the vicinity of the new
pixel, no contrast is made and a sudden change is avoided with

respect to colors to which the resolution of human eyes is low,

whereby the image quality is prevented from beir.g degraded due to



second ‘enbodi nent of the present invention will be described with
reference to figures 4 to 6, 9, and 10. Figure 4 is a block diagram
illustrating a color image pickup devicg according to the second

enbodi nent of the invention. As shown in figure 4, the constituents of the
col or image pickup device according to the second enbodi nent are identical
to those of the first enbodi nent except a resolution conversion circuit
401. Therefore, in this second enmbodiment, a description will be given of

only the, LesohytLolof sV efRd Qn el reuit 401 which is different fromthe
resol uti 6n‘conversion circuit 109 in the col or i mage pickup device of the

first enbodlnqﬁyqfa}%_ Q@Sggﬁsgb%ug §éf§{§ﬂ éﬂ}%@lbghgc&sseiﬂélﬁﬁ the

conversi on Clrcul wi 'l not escri Fi gure 9 1s adi agram

for explal Qgﬁgahgtgé@?%gt%ﬁﬂb&#@énﬁ%nﬁgrfg¥mtfofé?@ﬁﬂ” A RN %RE 3heNo £ -

circuit iA e ¢col or
devi ce accordin

white cirdfada p%al 3 DEs S&f@ ﬁ@%ﬁ%ﬁgg&e?%oi%m%g 'cQﬂ i fEReehbgure,

e pi Xel positions on bl'ack circles

L?S‘efitfa}i%tagég"nﬁ%égég sy S B%%Se'sﬂaﬁﬁé%%%& fime
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the luminance value interpolation of the first embodiment may be
combined with the color-difference signal interpolation of the
second embodiment, or the luminance value interpolation of the
second embodiment may be combined with the color-difference

signal interpolation of the first embodiment.

APPLICABILITY IN INDUSTRY

A color image pickup device according to the present
invention is provided with image pickup elements having color
separation filters, respectively, wherein one array pattern of
the color separation filters corresponds to four pixels that are
vertically and horizontally adjacent to each other; a storage
circuit for storing filter-transmitted signals corresponding to
the respective pixels and supplied from the image pickup
elements; a signal processing circuit for obtaining a luminance
value and a color-difference signal for each pixel, using the
filter-transmitted signals corresponding to the respective pixels
and stored in the storage circuit; and a resolution conversion

circuit for performing interpolation using the luminance values



is 1, pixels 901 to 904 after interpolation are respectively positioned at
a distance of 1/4 fromthe pixel Ain the vertical and horizonta
directions, that is, the pixels 901 to £94 after interpolation are
positioned at equal distances fromthe pixel A Therefore, this

i nterpolation can be regarded as expansion of the pixel Aon the CCDto
the four pixels 901 to 904. Hereinafter, the process perforned by the
resolution conversion circuit 401 will be descri bed. Initially, a

descri pt ipgn Whk! c80 BlyerHeddie sAAEESSohfphfieed CRsEn WS &ilghalpi xel A is
a C filter. Since pixels Bto E are W filters when the pixel Ais a Cy

filter (pebebskonfi QUFS.H), ddie tnealruesebromhdies «¥Xda fdilgnans corresponding
to the pixels Bto E can be treated as |um nance val ues, as they are.

Ther ef or PHAt L Ot ianaR ot 1 FReph 4Bl Dasee HdlpiRt dd Frokhenpi xel B
to the %P%gFEEP? o#@z%ﬁﬁgﬁbdireé¥ién) ?s (GB/2, aggﬁ}he anount of
change D

X W@ESPE?(E?%. %%m«ﬁlﬂss, Sd?f.efﬂe@&[ ﬁ)ﬁnééétix’ﬂg the BoHZRRL #la1udi EREt hoNn

is obtaingﬁ 8. Li'kew se, e anount” of change DY when the

C el A i i 4inth . A poel :
pI xe A Ifglggl(—:é%?gle%%ﬁl%é stff%qﬁtl %o‘!c%"s&%ﬁhm&' £6CE 101k d1S (PRI RedlY

DY=( E- um nanc
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can be obtained with a very small amount of arithmetic.




usi ng t'he | um nance val ue of the pi xel A obtained by the signal processing
circuit 108, the anount of change when the pixel Ais shifted by 1/4 in

the vertical direction, and the anmount @ change mheﬁ‘TﬁE‘prxe+~$L4;L~_

shifted by 1/4 in the horizontal direction.

éoé DX ' [A)Y- DX - DY 202 éoz DX [M"ﬂym ’u” m "

descri bed above, since the Wfilters and the color filters are aY ranged in
a checker pattern as the col or separaigrpnmsfilters of the image pickup
device, the |lum nance value in each W filter section can be obtained

wi t hout per f of 1B ralinayEe bl ekupPeeat EOcamd i sig :per i pheral pi xel s.
Therefore, the lum nance value of the pixel to be newy generated can be

obt ai ned by Veh¥ge Shithe HlidddiREl 6a0P8E atbDor HY¥badatilopersilbbrks in i mage
that occur durlng interpolation by the resolution conversion circuit 401

can be mﬂéﬂ&ﬁc‘i,verl%suhhb%lb noﬁe“a%’ﬁ;ﬂ@a@:“e@fﬁg%f the coRyensyherativg pi xel
Ais a Ye filter, all of the peripheral = pixels Bto E are Wfilters (refer

to figuresflas 'aartﬂagpgaag £YNELE: B el L eavByelbhiey aecordingly.

t he Iunlnance value at the pixel G'can be obtained in the sane manner as

descri bed, |§£§%9§$S%d§QEEﬁﬁt@8 ég&ﬁﬂog%éfs a Cy filter. Next, when

t he plxel ere are two cases
a storage circuit for storing filter-transmitted signals

corresponding to the respective pixels and supplied from the
image pickup elements;

a signal processing circuit for obtaining a luminance value
and a color-difference signal for each pixel, using the filter-
transmitted signals corresponding to the respective pixels and
stored in the storage circuit; and

a resolution conversion circuit for performing interpolation
using the luminance values and the color-difference signals
outputted from the signal processing circuit, and the filter-
transmitted signals corresponding to the respective pixels and
outputted from the image pickup elements, thereby generating a
luminance value and a color-difference signal corresponding to a

pixel to be newly generated.

2. A color image pickup device as defined in Claim 1, wherein
said resolution conversion circuit performs interpolation using
the luminance value of a pixel that is placed in a position

closest to the pixel to be newly generated, which luminance value
o]



31 ‘wher e the pixel B and the pi xel C are Cy filters and the pixel D
and.the -pi xel Eare-Ye filters, and where the pixel B and the pixel C are
Ye filters an ﬁixel D and the pixgly E are Cy filters. However, these

JLhe
cases are undaﬂm fﬂ ﬂﬂmm’mmjﬂ on when the inage of figure 5 is rotated
by 90 degr ees,'38M% imf] 1 lhdlice . value of the pixel Gto be newy

generated can be obtéid@dsby*the sane process and, therefore, only the
case where the pixel B and the pixel Care Cy filters and the pixel D and

the pixels Bwgitied firchetievshignde slessdddied kereunaf t end using the
positional relationships anong the filters in this case is show in figure

10.  Fi gt e O drardndit2@0aRk phhUst ¢@fddibordlimang@ement périfieeral griddls ers
on the CCD in the color inage pickup device according to the second

enbodi mept afe tdi&Ar %ﬁf%@ted K AVERE i oFsidibd ke Islekst tembndi peadl vheae

obt ai ning the anount "o change in the | um nance values in the horizontal

di 1 et | Ol 1 N8 e flhifRenGR b8! veehe OV AI{dn i30S 4l ghbL s Showroirpditsire © s

mul tiplie the transmission ratio and the reSult is used to prevent

t he igggﬁééréHgtgﬁggg %gcghgi%%%mayﬁito use of the | um nance val ues

obtain y arithmetli c oper "the peripheral pixels. However, to
sinplify the arithnetic operation, this second enbodinent enploys Werr]
and W2 which are positioned outside Cy[err] and

3. A color image pickup device as defined in Claim 1 or Claim 2,
wherein the color separation filters corresponding to the four
pixels forming each array pattern of the color separation filters
on the image pickup elements are composed of two whole-color-
transmission filters (hereinafter referred to as W filters) and
two color filters, and the W filters and the color filters are

arranged in a checker pattern.

4. A color image pickup device as defined in Claim 3, wherein
said color filters are a cyan-transmitting filter and a yellow-

transmitting filter.

5. A color image pickup device as defined in Claim 3 or Claim 4
wherein, when the pixel placed in the position closest to the
pixel to be newly generated is a color filter pixel, said
resolution conversion circuit obtains the luminance wvalue of the
ixel to be newly generated, by calculating (a difference between
filter-transmitted signals of W filter pixels adjacent to the

color filter pixel) X (a factor based on the position of the pixel



Cy[err], and the |lum nance val ues of which have al ready been known. That
i s, .the .amount of change in the |um nance values in the horizontal
directionis (W-Werr]). However, singg Werr] and Vﬁ.f”pm~-

pi xel s apart from each other, the anmount of change forf 2 1B

32 becones (W2-Werr])/4, and the anmount of changeF il | LY

becones DX=(W2-Werr])/16. Likew se, the anount of change DY for 1/ 4

pi xel in the vertical di rection becones DYy=(W-Werr])/16. Even when the

pi xel A Itso %e\/\ﬁ Fggaﬁgdgéz(t%%ogux\ﬁqgagg%h&afié(ec! '%h'eS lowffoillteer

t he | um nance vaIu 4 are talne "oWs,
usi ng DX, u n v, 0] e

901 . RggngﬁﬂQphg%eé ?}Qﬁ Cife §3dﬁ%l %r%ggaighé ElﬁfUlT$<

903 ... A- DX - DY 904 ... A + DX - DY As
descri bed above the lum nance value of a pixel to be newy generated is

obtained the | .um pan | ue_of a xel, that., pos
cl osest to t é%ﬁ‘pﬁ%?ﬁe Rﬁlgﬁp Ut Harfte ar&&d g gf%?%e% %% arfﬁ%netlc
Sgieagt It ﬁg\rhvenrterlnt,hehegeg‘hgh;e){}?el f(aeclesd Ilrlll ttbl% Isaloggglmpr OJ(.:oesseseI \,n oCItrhCUI t, and

pixel to be newly generated is a W filter pixel, said resclution
conversion circuit obtains the luminance value of the pixel to be
newly generated, by calculating (a difference between filter-
transmitted signals of color filter pixels adjacent to the W
filter pixel) X {a factor based on the position of the pixel to be
newly generated)+(the luminance value of the color filter pixel

outputted from the signal processing circuit).

7. A color image pickup device as defined in Ciaim 3 or Claim 4
wherein, when the pixel placed in the position closest to the
pixel to be newly generated is a W filter pixel, said resolution
conversion circuit obtains the luminance wvalue of the pixel to be
newly generated, by calculating (a difference becween filter-
transmitted signals of W filter pixels that are placed with a
color filter pixel between them) X {(a factor based on the position
of the pixel to be newly generated)+(the luminance value of the

color filter pixel outputted from the signal processing circuit).

8. A color image pickup device as defined in any of Claims 1 to

7, wherein said resclution conversion circuit obtains a color-



| um narice val ues of pixels corresponding to Wfilters whose
filter-transmtt ignals can be used as | um nance values. Therefore,
blurs due to thezih - eri pheral pixels can be reduced,
wher eby a high-B k- nesol ution | um nance image is obtained
and, noreover, ML R si On  can be realized by sinple addition
subtraction, and shift  8p&sats on:’ The | um nance val ues of the pixels
corresponding to the W filters nay be captured fromany of the paths 110
and 111 ghe¥drence signal idE fth@Upexd1besapsendwis; Igutieranea, velyues out putted
fromthe path 110 are identical to the values of the filter-transmtted
signal s 89£§§&£§G TP ke RPN atdidn using M I@ldr-herbiresteesbgnanent
t he colo? Ifference signal IS obtained by linear interpolation, another
met hod wipl . be.qdescrided douit Rirscsesong erbodivent. In figure 5 assuming
that the plxe? to be newl’y generated 1S G three pixels as follows are
selected: a pixel with a Wfilter positioned closest to the pixel G a
pixel with a Cy filter positioned closest to the pixel G and a pixel with
a Ye filtger positian e L,xe : o e e

ber R %oﬁ.{)?sﬁgﬁéﬁlﬁu Qierx}g.,%eglaﬁ heBinedSih SarBPRA @1laifisom B

filter affangemen ure
7, wherein said resolution conversion circuit obtains a color-

'3

difference signal of the pixel to be newly generated, by using
the filter-transmitted signals corresponding to the respective

pixels and outputted from the image pickup elements.



of these pixels are always present in the 2X2 pixels including the G
position. To obtain the color-difference signal at the pixel G O and Cb
are obtained using these values, accordjpg to formulae (3) and (4) that
are identical to those used when the color-difference signal is obtained
by the signal processing circuit 108 of the first enbodi nent.

C = (WCy)/0.3-W= (0.7WCy)/0.3 ... (3) Cb = (WYe)/0.1-W=
(0.9WYe)/0.1 .. (4 As descri bed above, since the
color-difference signal of a pixel hﬁs?ﬁAGQMAy generated is obtained using
the filter- transmtted signals of the pixels in the vicinity of the new
pi xel , no contrast is nade and a sudden change is avoided with respect to
colors to which the resolution of human eyes is |ow, whereby the inmge

gual1 T prexeried. (omoeing, Seqosl S iitiac wsen snsce piowe

34 a pseu or or e I On conversion
circuits according to the first and.sec . od] f r i,Lferent
i nt er pol '%ﬂ?g%gfgayﬁﬁgngﬁ%%F\ﬁﬁRék§£%§§ %?gfggghtkgﬁg%?bo aéﬁoﬁggﬁfl%

color diiterence, sLANELs okeaReciiyel Lo tUREL cobg UL e Shosauise
four pixels that are vertically and horizontally adjacent to each
other; a storage circuit for storing filter-transmitted signals
corresponding to the respective pixels and supplied from the
image pickup elements; a signal processing circuit for obtaining
a luminance value and a cclor-difference signal for each pixel,
using the filter-transmitted signals corresponding to the
respective pixels and stored in the storage circuit; and a
resolution conversion circuit for performing interpolation using
the luminance values and the color-difference signals outputted
from the signal processing circuit, and the filter-transmitted
signals corresponding to the respective pixels and outputted from
the image pickup elements, thereby generating & luminance value
and a color-difference signal corresponding to a pixel to be
newly generated. Thereby, a favorable image having no blur is

obtained with a very small amount of arithmetic.



the |urfinance value interpolation of the first enbodi ment may be conbined
with the color-difference signal interpolation of the second enbodi nent,
or the lum nance val ue interpolation of the second enbodi nent may be
conbined with the color-difference signal interpolation of the first
enbodi nent . APPLI CABI LI TY TN | NDUSTRY 45 A col or inmage pickup device
according to the present invention is provided wth image pickup el enents
having color separation filters, respectively, wherein one array pattern
of the color separation filters corresponds to four pixels that are
vertically andijppfi zontally adjacent to each other; a storage circuit for
storing filter-thansmtted signals corresponding to the respective pixels
and supplied fromthe i nage pickup elenents; a signal processing circuit
for obtaining a |lum nance value and a color-difference signal for each

pi xel , using the fﬂnter-t{égwnitted1%hgnals coypgspondi ngyhp the
respective pixels nd stored in the ,Storage circuiﬂ?7and resol ution

conversion circuij f erpotattep—ustng—theyunmance val ues
35 and the colfor{qiTTerente S'QREJS outputt ed f|r p t Signall ghgl
ccD storage processing
‘<i’ converter < circuit cirouit

~— 111
100 103 105 112

resolution §
———> conversion >
circuit H_ 109




processing ¢ircuit, and the filter-transmtted signals corresponding to
the.respective pixels and outputted fromthe inage pickup el enents,

t hereby generating a | um nance value and a color-difference signal
corresponding to a pixel to be newy generated. Therefore, favorable
processing result having no blur can be gptained with a very small anount
of arithnetic. 36

CLAIMS 1. A color inmge pickup device conprising: i mge pickup

el enments having col or separation filters, respectively, wherein one array
pattern of the color separation filters corresponds to four pixels that

are vertically and horizontally adjacent to each other; a storage
circuit for storing filter-transmtted sggn s corresponding to the
respective pixels and supplied fromthe o e pickup el enents; a
signal processing circuit for obtaining adumnpance value and a
color-difference signal for each pixel, us%ﬁﬁﬂthe filter- transmtted
signals corresponding to the respecti i)@'g and stored in the storage
circuit; and a resol ution conversion ?Eus’ig.gmi t for performng
i nterpol ation °g
R A
8\/’\
o
2 ||z
AN~ gg),g
o=
.ago
o
\ N
\/\o
4 O «
a~N §3
S5
w
\/‘\c%
S g
N1 O
<z
Q
[8)
L/-\m
o
a Y
LaVN N 8
&
o~ O
e
- Y
o
Y

;

Fig.2



usi ng the 1 umi nance val ues and the color-difference signals outputted from
t he,sigral processing circuit, and the filter- transmtted signals
corresponding to the respective pixels and outputted fromthe image pickup
el ements, thereby generating a |um nance value and a col or-difference
signal corresponding to a pixel to be neglgy generated. 2. A color imge
pi ckup device as defined in Claiml, wherein said resolution conversion
circuit perforns interpolation using the |um nance value of a pixel that
is placed inrqgggsition cl osest to the pixel to be newy generated, which
| um nance val ug’ is outputted fromthe signal processing circuit,
and using the filter-transmtted si @02l 803org®spondi ng to the peri pheral

pi xel s of the pixel placed in the po5|t|§n cgosest to the pixel to be
new y generated, which fil3@r . g#al s are outputted fromthe

i mge pickup el enents. 3. A g |PGrHupBBievi ce as defined in
Caiml or aim2, wheregs.th lor |sep lofi filters corresponding to

the four pixels formng each 3 &9 pgtlta,ﬁ 9k tthe €08 separation filters
/A
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Fig.4
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on the indge pickup elenments are conposed of two whol e-color- transm ssion
filterseo(hereinafter referred to as Wfilters) and two color filters, and
the Wfilters and the color filters are arranged in a checker pattern.

4. A color image pickup device as defined in Claim3, wherein said color
filters are a cyan-transnmitting filter angd@ yellow transmitting filter.
5. A color image pickup device as defined in aim3 or Claim4 wherein,
when the pixel placed in the position closest to the pixel to be newy
generated is gFieplkor filter pixel, said resolution conversion circuit
obtains the | un™ance value of the pixel to be newy generated, by
calculating (a difference between filter-transmtted signals of Wfilter
pi xel s adjacent to the color filter pixel) X (a factor based on the

posi tion of the pixel | D . F 38 to be
new y generated)+(the |um n@-_uaj-ua- t_he__coJ-_'LI ter pixel outputted
fromthe signal processing chCuUit). . A col ox”1 nage pi ckup device as

defined in Caim3 or Claimd4 wherein, iwhed the pixel placed in the
position closest to the

Fig.6
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pi xel to besnewly generated is a Wfilter pixel, said resolution
conyerskon circuit obtains the |um nance value of the pixel to be newy
generated, by calculating (a difference between filter- transmtted
signals of color filter pixels adjacent to the W filter pixel) X (a factor
based on the position of the pixel to besgpemdy gener at ed) +(t he | um nance
val ue of the color filter pixel outputted fromthe signal processing
circuit). 7. A color imge pickup device as defined in daim3 or Caim
4 wherein, Fﬁ the pi xel placed in the position closest to the pixel to
be newly generdfed is a Wfilter pixel, said resolution conversion circuit
obtains the |um nance value of the pixel to be newy generated, by
calculating (a difference between filter- transmtted signals of Wfilter
pi xel s that are placed with a col nlter pixel between then) X (a factor
based on the position of the pixﬂlcy be newl y generated)+(the | um nance
val ue of the <color filter pixel outputited fromthe signal processing
circuit). 8. A color image piclkup device as defined in any of Clains 1
to 7, wherein said resolution conv@sgijon circuit obtains a color-

39
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di ffer ehce signal of .the:pixel to be newy generated, by perforning liner
i nterpolkation using the color-difference signals obtained by the signal
processing circuit. 9. A color imge pickup device as defined in any of
Clains 1 to 7, wherein said resolution conversion circuit obtains a color-
di fference signal of the pixel to be newgyggenerated, by using the
filter-transmtted signals corresponding to the respective pixels and

out putted fromp&egi mage pi ckup el enents.

Fig.10




