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present invention relates to a color imge pickup device and, nore
particularly, to signal processing for pnocessing filter-transmtted
signals read fromcol or inage pickup elenents to obtain higher resolution.
BACKGROUND ART Conventionally, in order to enhance the resol ut

video signal froma color i mge pickup device such as a CCD ”nmmmmﬂmmmm ,’
filter-transmtted signals from CCD el enents each havi

subjected to arithmetic operati on wpgsorapTiosr al plxels to generat%

| um nance signals at positions corresponding to the respectlve CCD el enent s

and, thereafter, resolution conversion is carried out using t”ﬂﬁﬂ%ﬂﬂ ce
dat a. Fbreinafter a conventional CCD and signal processing t mummmbe
described with reference to Ekﬁ%@?I&AGE'®§t%0% ipkvackl ock di agr arsooogpe
illustrating a conventional color inmage pickup device. In the figure, 201

denotes an optical systemwhich forns an i mage of an object on the surface
of a CCD 202. The CCD 202 converts the object inage so forned into an

el ectri a r separation filter is disposed on | v 2 each
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CCD eIeﬁ%%? toi?gﬁgﬂ%ut coﬁor data. ~ 3 MAY 200 A signal 203 outputted from

the CCD 202 | Y. h t; Qf
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signal %951@§¥'@ aéggatted signals read from color image pickup elements

T) to obtain higher resolution.

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.

Figure 2 is a block diagram illustrating a conventional
color image pickup device. In the figure, 201 denotes 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



| evel s of gradation (07-255 for each pixel. 206 denotes a storage circuit
whi ch stores the digital signal 205 and permts random access hcqqﬂspzuuz
value, to permt arithnmetic operation w 2h peripheral pixels i he si"gnal
processing that will be described Later. 208 denotes a signal processing
circuit which perforns processing to obtain |um nance val ues and
color-difference signals fromthe digital signal 207 stored in the storage
circuit 206. The process steps up to nentioned above are generally
perfornedaby COB ebamenti bnatakel outi caber pdekap davstgnal020andutbatsegnal
processing circuit 208 outputs the |um nance val ues and col or-difference
signal s 208mt bhéhecbu2s2des dMeandlohequarsityf i od i SacleséI@flentd s£SEhalt i on
conversion circuit 211 perforns interpolation using the |um nance val ues

and col occpf2@rengs si gvatsg@09a Dué pattCLdii@ntd hensi UNEdnPI OFESSI Nght
circuit 208 to generate |um nance signals and color-difference signals of

pi xel s torHeshert¥d IeResagRdch@nco Pré HHdSding ¢ole NadiGe VAt UfS Atker .
color-difference signals 212 larger in nunber than the | um nance val ues and

col or - dij 4 £r g&est &4 98! /808 nvertSr %ﬁ&i‘]&‘gﬁ%§%ﬁ§%ﬁéﬁ‘%tﬁaﬂﬂpal
processing circuit 208. Next, the signal processing performed by the signal
processings cis clbhv@ft vhi!abndieseidbed specidisdl s ldi J6 qlanGe (5
figure 3. Figure 3 1s a diagramillustrating an array of color filters on
t he CCD i e i 0 lyorg | pi devy.ce.. In.figure 3, M
i ndi cat e%%%%e%fsg%g@%g%%eﬁgzgﬁ)t grog?%%%flnhﬁ%% €s \gogengrﬁns%tv(\an%ﬁ green
filters, | ndi | €1 e i o diidtelsS g Ye qand) I nts
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ers. On the CCD 202, these nts are arranged 1n a
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the upp E;eft corner, is obtained, and this average is regarded as the
| um nance Val ue at the pixel 302. As described above, |um nance values in

one-to-one cogpespondence to Lhg " e8PREHEY§nBY EhSv T aL Lo SR ST P8
performed by the conventional color image pickup device 210, and
the signal processing circuit 208 outputs the luminance values
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



i ~ 3 MAY 2002 4 obt ai ned by cal culating, in any case, the average1 ﬁmz
pi xel s having the target pixel in the upper left corner and includlng eac

of Mg, G Cy, and Ye. Further, a color-digfference signal is specified by Cr
indicating a difference between a red conponent and a | um nance val ue, and
Cb indicating a difference between a bl ue conponent and the | um nance

value, and a C signal is obtained by (YetMy) (Cy+G while a Cb signal is
obtained by (Cy+My)-(Ye+E. Cenerally, a color-difference signal conprising
a pair obputpusbddCbrom pheviileNaloprevesyihqueiptuetsohbgcause the human

eyes are relatively insensitive to the resolution relating to colors. As

descri bed abowgsxtt herHdungiance prddeass it gedd S rntid ey emee si l's 209
out putted fromthe conventional col or i mge pickup device 210 are conposed

of the nybaeglgﬁnga&yﬁéubavwl J:§§P|Hé'@@§c££‘bé’ﬁ!esﬁé’c9f‘fc£ﬁreﬁP\?ﬂi‘dence to
the respective piXxels of CCD 202, and the col or- dlfference signal s each
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to the pixels of the a description w e glven o
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the | um nance val ues and col or-difference signals 9 and pertorns
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for resol con er5|on ave een pr opose I ner efpolation using
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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 wvalues in one-to-one

correspondence to the respective pixels of the CCD can be



per f or méd by'the resol ution conversion circuit 211 of the conventi osam

col or image pickup device. In the figure, G denotes a pixel to be h QY 2002
formed, A denotes a pixel position on theg CCD 101 that is closest to the
new pixel G B to E denote 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

adj acent to the pixels C and D. Further, i denotes a distance to the pixel
Gin the horizontal direction when the pixel Ais the target pi er and |j
denot es Bbgh§h@HC%yt9a§BﬁlB%¥ﬁb Gihnahlecuset i eak QbéﬁﬁgéOBf“@ i xel
Ais the target pixel. Since linear insertion is carried out in |near

i nterpol gL,9Rq wﬁentabgeql§&§@9elhe&weenpbae i€§9986kﬂérphﬁ§|§nb§u&1§§d 0's
i<land 0 s j <1, thé lum nance value and the color difference sign

t he ne I e gbtai,nedngsytol lows: G = (1-i) ((lj)A+jC)+I((lj)D+j
F) Meanwﬁhffﬁ O?aggnege I%gbl ?gﬁedEPatent Application No. Hei.7 93531

di scl oses another, pﬂqe,_t had {0rq eéloffgf&{bémﬂ]qu{asl an eer 'ﬂe P]ng (%rfa]neousl y

with linear inter dtion, edges are specia process e edges

are not plyrceds.gng L0eeBEOREs SBOxAUNRS aLE se&g%&?sg@ é’r? e, S es

| i near erpo wever ove- ITEI’] 1 oNn conventi ona
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resul ti NgEReEdb §er p?% %Esﬁbn ‘?1’6%?%6 5?9??1 r EART T it frocdd is
i npl enent ed, by hard (gva £ Moreover, in ejther of these conventional nethods,
when i nte? pbf RFAELAFDr %&a‘?ﬁﬁ?’é}' fo\o%lmx%}%c‘%%%a%@? tTHEGH & &S e

302, 305, and, 306 s t he | um pance vaI ue of the pixel 306
i s used %%l%?ﬁ‘é?ws?%?w’n‘églm e'flb%l 587 ORI LA e A tidih & 19 i nance

val ue of the pixel 306 S nerat sing the |l um nance val ues of the
pi xel 311 and®St HESET ltq\%% Y & Ljﬂé’é‘\’rg’ra&‘@ VBy UEfe 2PHt EPPEFEti on i s
i nfluenced % t he ver %g i xels. This neans that the val ue of the new

pi xel otk Ib?/et% & ‘l“b‘ﬁu‘&%‘?‘%eﬁi@htﬂiﬁ BRI 1PRA (RO IME ai ned
by snoot hing the i nmage overozajsél)m%]geran and the image is blurred. The
I

present iMREMIBHIKYR FRIFECE RRRRAE - M rit %Héﬂmﬁ‘rad’fﬂeeﬁta% has for
its object to provide a high-resolution color image pickup device that can
provi de Waa‘@d?%lblf%scﬁﬂ‘lb nJgn one—to-one corresporidence 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 resolution 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



result having no blur, with a very small amount of arithnmetic. DI SCt@SHR{iE 2002
OF THE INVENTION I n order to achieve the above-nentioned object, a tol or

i mage pickup device according to Claimlgof the present invention is

provi ded with i mage pickup el enments having col or separation 1 ~ 3 MAY
2~0,~ 7 filters, respectively, wherein one array pattern of the color
separation filters corresponds to four pixels that are vertically and
horizontal ly adjacent to each other; a storage circuit for storing

filtertLansaihladyol ghal 2eCO1LEPBANCLAGeLO; BT ESRPELhYE BEXehs and

supplied fromt ge pickup elenents; a signal processing circuit for

obt ai ni ngogybupl BRAFeCURLLCLABge 2o pakaL- SLELELENCS Sk gat; [Gr coaEhaBhxels

using th ransm S correspondi ng 't espéctive pixels
and stored in the stor [ it apd [ | ution conversion cirgcuit r
perforniigpfﬁ?£r€8légiggﬁﬁgi%gy%%%’I%n?%%%gégvglB%éegngofhélon Sh'Ere CEB
col or - di rence signals outputied fromthe signal, processing circuit, and
the filt éftF%ﬁEn+?tgg°§?aﬁa€g %%?r%%%oﬂﬁ?%b #b ghggrgsg%%??%epb¥§gls and
outputted fromthe i e pLck el enents, thereby generating | um nance
val ue an@o%l%?%?-ﬂ?ggﬂ?egéé i&bng’ggo‘??%s?)%ﬁ‘? 160 at x%’rxqajo e #MMY
generated. f According to the col or inﬁge pLﬁfu@ngvice described in Caim
1, when RPRTRT i APEREWPPTXEION PR FRETER | bl chRerss APIITRRF tEQDLERE ns
t he | um nance val ue of the new pixel to be generated, usi ng}ﬁnot,only t he
| uni nancRix@l Sies aRd Bol of HFFR&Fented8PgR&Fs20Bt aF AREE bYO pEle oPhi Ry © in
arithnmetic with the peripheral pixels in the signal processing circuit but
al-so t hethe |heFlzombaki @1 E/ACTI e righs tieXe bshekt | e i TR hiRktpl -
el gnents, whereby blurs due to the influence of the peripheral pixels are
reduced, anthd AeRYEEEoht FhIEARERI P gFRe rbred i Bnin the e cagb diyemfiRce
image is obtained. Further, according to Claim?2 of the present invention,
in the cohen thagelpeElkRipl et et akIdt PFEEto A aim 1, the resolution
conversion circuit perforns interpolation using the |um nance value of a
pi xel that isSphgeedingag pgoseEitdRnich§segrried 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((1-3j)D+3F)

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, in 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.



to the pi xel to be new y generated, which |um nance value is outp ti?‘i Wﬂﬂ}
the signal processing circuit, and using the filter-transmtted silg I%
corresponding to the peripheral pixels of the pixel placed in the position
cl osest to the pixel to be newy generated, which filter-transmtted
signals are outputted fromthe i nage pickup el enents. According to the

col or image pickup device described in Claim2, when generating a new

pi xel , the resolution conversion circuit obtains the |um nance val ue of the

new pixel 1o bR GHICTANRG Husid)0 alffichidi RARCELRELS ofi sp1Rix sphat 1S

placed in a position closest to the new pixel, which |'umnance value is
obt ai ned ] 'tﬁg@%' it qh: . pneryd bh )i i e, s] gnal
processi% %r?efi%%%%sﬁdél ng xlﬁée: %Ik?;f]tme%%ﬁ%sﬁn?t fﬁe 's—lpggr(lgil cé)]rrcgr‘ga's%%%di ng
to the perd ral., pi t [ xel  plac in the .position closest to the
new pi x €l e,l%% e %&gérlgak%ee ékgoc%%sellnr#) I%esﬁget of ‘%rhle&ﬁ‘éerﬁlp%eorpaﬁrap'lx%rf SP% e
reduced,_ and hi gh- cont rast and .hi gh; r.esol ution .| um nance inmage is

obt ai n_e(fdaqfur_cﬁg?, Ja%&r%irhegecfeoéjd%%ﬂéqﬂf?q He p L{-erf{]o}i ﬁ\fé}ﬁ"‘l n, in the
cepar at 191t S GGy NG I Th 1Mo RE A RY Bouite i Frreased
separat i i rr i T e i

form ng each array pattern of the caqlor separation filters on the inmage

pi ckup E¥TreMELEIC RSP of° tJ\ﬂPﬁ\/ﬁ’ﬂﬂné:- 1R5f RatdraRsssion filters

(hereinafter referred to as, fiIt%r%;l and ,
Moreover, 1n either o ese conventional methods, when

, interpolating, for example, a point placed between the pixels 301,
T) 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 interpolation 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 processing

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

DISCLOSURE 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



two color filters, and the Wfilters and the color filters are arranged in

a checker pattern. According to the color inmage pickup device descr] eHAYnZ'WI
Claim3, the Wfilters, which permt thefilter-transmtted signals from

the i mage pickup elenents to be used as |um nance val ues, are arranged in a
checker pattern, thereby reducing the amount of arithmetic to obtain the

| um nance val ue and col or difference signal of each pixel by the signa
processing circuit, and the anount of arithmetic to obtain the |um nance

val ue an@i@ﬁle@'é_‘,dirfefsgé@ﬂ(i_eeiggnﬁheQEihhénae‘A/rEia§’eba_EQeQﬁ_ genenat edior
Further, according to Claim4 of the present invention, in the color inage

pi ckup dg¥bega8¢6R #iNdetq EbakBsBontBetE0kBhrf plikels B8hEtAare vertically
cyan-transmtting filter and a yellowtransmtting L,, filter. According’to

the col Oéahfﬁgﬁi%ﬁ\%ﬁwexhﬁchﬁﬁcE;bb@gch”ogméirf-" 4 sEB?a?EgaEﬂ:{:ﬁﬂEmf & ng

filter an e yellowtransmtting filter which are conpfenentary col ors of

red and. BLues nbesPeeLL Ve unsfi e cbiaed: st BochRLBLpbLLLRESLAT chbe ool o

separ at i ers on the 1nmage pic ement' s, ere e anmount of

et | o C . = S0t i zed . E |
o el LS shePbbel BikDE o ahar sUbLILANSEoR! Re! ol BLELESH EHERDSE o

I i i ck devi ' t im3 im4, wh th i xel
bl aced | BORBL pBEPTT Oh BFoBEr rE PRE BIKAI TtBI08 i DRBcReraran Falad

I filt i id | ut | i ' it _obtai th
urm nance §ar R EFeFRASH: 389%eD Bereard Borer a ety Rel EbfSetRg (a
difference between filtertransmtted si na#s ﬁf VVfiIter.gixels dj acent to
t%}(xﬂcﬁr???T%Ft%?x§+?&?%§ PaErerPRadtiloRS e phsterehit Beehf xefoto be
ne

y generat§d2+(the IFninance.valug_of éhe coIoI filter pixel, outputted
from t he® SPERAI 1 Br bR8sEFAGAET r ChF £ T AcRBP d7 nhET B EHECR oF RV RER™ pi ckup
device descriped_in Caim5, when generating a new pixel, the resolution
Conver si GHECH EUTPE GBTAFPERIRG 1 AT REPLAT VAR USS TR { HRE P ERRFS (1A hies
generated, using the lupipnance value of a pixel that is placed in a

posi t i orPRf osR tCR LT TR hESF PRKRI SRR tH PurPmEhRee Lutuethe S hed by
performng arithnetic with the peripheral pixels jn the signal processing
circuit ,PERPIZIHY THECHHF1 204G 1R nt 1+ eRF ~ F &3R5 St eDri E IR ng to the

peri pheral pixels of the pixel placed in the Eosition cl osest _to the new
pi xel VFRF PpiRg to the respective pixels and outputted from the

image pickup elements, thereby generating a luminance wvalue 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 obtained by performing arithmetic with the
peripheral pixels in the signal processing circuit but also 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



due to the influence of the peripheral pixels are reduced, and a

hi gh-contrast and hi gh-resol ution |um nance i nage i s obtai ned. Fur'h%éﬂéx 2002
according to Claim6 of the present invergion, in the color imge pickup
device according to Caim3 or Caim4, when the pixel placed in the
position closest to the pixel to be newy generated is a Wfilter pixel;
said resolution conversion circuit obtains the |um nance value of the pixe
to be newy ~ 3 MAY 2002 m generated, by calculating (a difference

bet ween fiijdntigf@aNsMddeed sSidralinedf, color filter pixels adjacent to the W
filter pixel)X (a factor based on the position of the pixel to be newy

generat ed) +(t hﬁukeﬂépﬁnsecaaayﬁg %o ! OF £RI 91 o RS LA G Ot AU A6 T T O
the signal processing circuit).” According to the col or 1 nmage pickup device
descri bedin i.m. Q. e I I.xe .resol ygion
conversi%ﬁecfgég?ghgﬁng%gcgﬁg F%k?%gn%gg§gF§géo%otEgsﬁéw?bigé%_to be

oSt 1 on TSPSANE oo CoRYRraTen ehr Ui e e a ke ab Rt BRC e aftut s,
perform arithnetic with the. [ ral. pixels .in_the_sigpal_ processing
BT cul £ ToRAngeRTy v P &r Bt Pats Hierod oPUREES UBr FeRBBRATRD FLoERES

peri pheral pixels. o he, pi xel .pl aced_in the position.closest to the new

D el Cwer BB Bidied detPoreHaY; AFRGERtstsr “BREh bR PHREPEF Brkers ar o
reduced, and hng-con% ast .and.high-resolution |lu 'nanﬁe i mage %s

obt ai ned UFREERER, TEOROFdENG BB BEAF9S5ENEnE  BrBLENt SPAVBRLRENTAPn | the
blaced | ALLFBTo6SRFGH CEr e SLANEY S AREBrREPIO" et Heby BEFOPAFERL; BLARP
fif&er pi xel . sai.d resol ution conversion circuit obtains the, | um nance
val'ue of Ofh&hEi RéKeLoPLBCREWLY §BRePSFLHIOByCLaPERFaFPnblE aPX e cFBNEE
between filtertransmtted signals_of Wfilter Eixels that are placed with a
col olr Ii Psﬁiypgﬁﬁéﬁrﬁéﬁﬂetewzﬁ(@ﬁklFﬁrf’éé%?mﬁél gd 6?g?ﬁ%s p%??g?‘%‘ézgggelz
pi xel to _be new y generate e | um nance val ue o e

col or fifrer phRelMggepRLELHPf #&RMERESsi gnal processing circuit). According
new pi xel, th c i i i | ue .of
t he new pi xel to be generated, using the |um nance value of a pixel that is
pl aced iElalﬁogitWBﬁn096§§§?t%BgtﬁenﬁﬂmeFQ%t,tQﬁiEﬁs?h%¥h%%c%°%%$H%lP§
obtained by performng arithnetic with the peripheral pixels in the signal
processi AgreRiEuPPtagfg GEEnYUNhRANGRi Fahee 94l tlee Bev ppkEsk €drPespondi ng

to the Wfilters whose filter-transmtted .
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 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



signal s’ can be used as |umi nance val ues, whereby blurs due to the1iyﬁ*kpqm§2
of the peripheral pixels are reduced, and a hi ghcontrast and

hi gh-resol ution | um nance inmage is obtaingd and, furthernore, resolution
conversion is realized by sinple addition, subtraction, and shift

operation. Further, according to Claim8 of the present invention, in the
col or i mage pickup device according to any of Clains 1 to 7, the resolution
conversion circuit obtains a color-difference signal of the pixel to be

new y genglalfty dNerPedriynigitdd ielof NURS RY1RY Qg Md dd&ilters on the
color-difference signals obtained by the signal processing circuit.

A di | > X ) f . Qaims. th

rggg{u; Pgﬁ& 0%]3%3' nre(;“: r cul tsmoEt a!Q:ns iftdhe co_l o(r%ré”{OPSg}del_r%cegog%nal of et he new

pi xel to r%‘?z&%fﬁto%dfﬁ%ﬁ%%’ f(‘?{e@é&q})elftfleeﬁag FU SR 'a%“wlsfi'l‘%etﬁéﬁ and
ich are o a g

color-difference signals tal ned by the sign process

¢l reui t L*%S)Jog%(ﬁ}%er Tf.illtt%rrs ‘an %\é %P%ljt?éprtsr %I'}lz:{m ttee%cﬁ.iogrnafi tfe];_lrsﬁ gagrpee ot

vertical l orizontall'y adj acent” four pixe erefore, "W
to colors to mhkgh thecr%§ Iuti%. %; human eyes is |low, contrast is not
made to &AFHIES RS 4diCRSSKSHg®2 1 idrkby preventing the i mage quality from

bei ng degraded_due to pseudpo colors or _the like. Fyrther, according.to

O aim 9 of therGraserRdT FheheF oRoPR (RRIEOPLT CFRugEVIFEKIpSGoVPED in
according . tq a Cl ai 1 to 7, .the resqlution _cqnversion ci,rcuit

obt ai ns l@d‘l“b%di ellerfdd tE1S oAl S BefB LY )F(l?Ie tf&(il’f'@rﬁ a}’?sﬁ‘éﬁ%‘eﬁ ed, by
Lsing the filter transmtted signals corresponding to the respective pixels
angkout p$HIBFLEr FhPh &N §@ 95 %ﬁ?ﬁ‘u@ @Hﬁﬁ‘FE’FSA(FeoPG’l HG o th&%P&nqp%ge
pi gkup devi_ce described in Clain19,h%2iﬁresolution conversion circuit

obt ai ns VR&VESr 0P PEELBAEE dgyfalC e PREWEF X eFRES ShY FEARFATEd thsy

usi ng the
g amount of arithmetic to obtain the luminance wvalue 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.

According 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



filter-transmtted signals of pixels positioned in close vicinity f3tﬁ§Y 2002
new pi xel. Therefore, with respect to colors to which the resol ution of

human eyes is low, contrast is not nade ti@ avoid a sporadi c change, thereby
preventing the inmage quality from bei ng degraded due to pseudo colors or

the |like. BRI EF DESCRI PTI ON OF DRAWNGS Figure 1 is a block diagram
illustrating a color imge pickup device according to a first enbodi nent of
the present invention. Figure 2 s a block diagramillustrating a

conventi aid Sl OF imagd pPOkEPRvikd rgo it dleligen Figurma an ¢ ,a
diagramillustrating an exanple of arrangenment of color filters on a CCD in

the convepdPnale G941 i pBICe i iGK Wh&d @ 58 1 dH BB ebt T A OGP xH1aHABe
illustrating a color inage pickup device according to a second enbodi nent

of the prRSEN JdEHED. i fFIHWR R i 1adH 34haM,f Wai@KRleAIdIG on _
i nterpol ati on perfornmed by a resolution conversion circuit included in the

col or i mMageRI,GiHh A8 681 ACIA MG dre RGN RIdRNe "yatd.dy & Hd [ﬁ&e@r 2PEd

enbodi ment of the present invention. Figure 6 i1s a diagramilldstrating an

examl e el gjgkqgﬁg]ecﬂf Pl Ay O A EFR NG G0l 1218g DI ckup

devi ce accor e first or secon I ment of the invention
transmitted signals of W filter pixels adjacent to the color
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 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 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



Figure 7 is a diagramillustrating an exanpl e of arrangenent of cohpg MAY 2002
filters on a CCD in the color imge pickup device according to the first
enbodi nent of the present invention. Figure 8 is a diagramillustrating an
exanpl e of arrangenent of color filters on a CCD in the color inmage pickup
device according to the first enbodi nent of the present invention. Figure 9
is a diagramfor explaining interpolation performed by a resol ution
conversion circuit included in the color imge pickup device according to
the secogénerhodipeny o&ltheapirgend dnfeaténte béoween 19iisen-di agram
illustrating an exanpl e of ~1 ~ 1~~"1! ?."~(i,~ 15 arrangenent of col or

filters epags®fPréd §DEnEDS 06 E i BBUET PELKEPr N%ig:@l%s a&@Epé@éﬂﬂg t® the gecond
enbodi ment of the present invention. BEST TO EXECUTE THE PRESENT

| NVENTI %Fg??f%ﬁ@i) X (P SRS IRy ﬁrflgﬂgl%d S‘Qi gglccc&f 49 19 A i d Se

enbodi nment e present 1nvention w cri wth reference to

figures JouBPpdgenSratédf+ othée Lumid@indengd Bse adk Opid Cab) Sy st emani ch fpr s
an i mage of an” object on the surface of a CCD 102. The CCD 102 converts the

obj ect i 50 OF PEA {@%o%£%?§ieﬁfééééggﬁgwgiréﬁgkfxcolor separation

filter is sposed on ea el enent to take out col or data. A

fiIter-transnbkk%&dih &y %%% ?ﬁ%ﬁ%é%ﬁ%&%rﬁqhknﬁ i%@zdg§c§9Pgﬁa&%9

quantity, and each elenment o as a frlter-transmtted’signal,

i ough (R ROl capet FEEte) O £ 0T AT o Yerd Sl ABHRA L pn

e _COI”I’ esppn_ or- separ a_t 1 oNn elno_ _

conver oL MLED etz oed MElEL o YA OG0 SN SaBe A
100 deno Sreuelel A48 LU EI AL e 1 il AR A8 A
108 tondt A0S A GhaT HRotocs NS Tl W c HTHET e PP SCoSE T 8 obt ai n
luninam%%tained 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



~ 3 MAY 2002 is values and col or-difference signals fromthe dighfglmﬁyq@ﬂb
105 stored in the storage circuit 105. 109 denotes a resol ution conversi
circuit which perfornms resolution convergjon utilizing values 111 fromthe
color filters of the CCD stored in the storage circuit 106 as well as the

| um nance val ues and col ordi fference 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

00D, 102: i eiieesTonely Rsonssiag R o b Maral g ocessigy)
The si gnal prEQ%%ﬁﬁg%Pp%%p%hE %%ﬁOgeéégggigﬁgﬁﬁﬁzﬁkpgc%odggggﬁgebythance

val ues correspo 0 the respecti € fi ransmtted
signals. Figure 6 s a_ di i | rating an.e | f. arr ng of
color 1ot B v GBISHAMY 19 dRe A AR B IR o8 o
the present invention. In the figure, Wdenot el enents with Wfilters, Cy
denot es EHeAENY s(gl\’/\fﬂ{lsf itrr}fee:}‘sm?ffrgacri/%% Yz?l]g € i%fezt}}:eorﬂﬁwerpelﬁieaer&%oq%r of red,
and Ye denotes elenments with filters of vyellow that, i conpl enentary
Col or ol SRRy (Pt REry ) AL UEHIARE S| A <© are BESIngiR§ 15 I RSGREr 0
pattern, and a pattern in a region enclosed with a bold frame is repeated.
I n each ARSI EFORhIAST L Qi INGY stRt 1 SRARY JHFH AR WA 4%eri®an be
used as a lum nance value. However, in Cy filter ~ 3 MAY 2002 17 and Y
filter sRE3bmd PUMNERIEAAG (st e Bithhithed RRGIRR SIS fHetels pikel s.
Hereinafter, how to obtain the |um nance value in the Cy filter section_ by
the sigridie pricaskiREPRI TN FOFW 1 FE AT B¢ ivH naeres eftleldd of
fPSure 7. Figure 7 is a diagramillustrating an exanpl e of arrangement of
col or fiR¥%alss IPEYRSREDED GG Ghee Vboﬁlolrtql?ﬁagﬁlctﬁec%&f@e‘%ﬂtcr@rbﬁé@&@%g to
the first enmbodinent. In the figure, Cyn positioned in the center is a

pi xel t L dndisare BalukebaHHIEHIFIGE & gEafer athed ot &dfurs dysurihdihe
Cyl, W, Cy2, and WZ are pixels positioned in the horizontal direction with
respect influsnagyymt die Gerigherg/o Pigitd SNRLR osiucads F@st 3 dHehin t he
vertical direction with respect to the Cyn. These peripheral pixels are
used i n adne ey th Wbtk sp v qruniuimanca|ipagst itshebdainad tane.cent er.

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-



Next, a description will be given of the process to obtain _~ the , yrg 9
val ue. Since the | um nance val ue of the pixel corresponding to thé %§%§fﬂ@ﬁ
can be obtained by adding the red conponest to the signal transmtted
through the Cy filter, the red conponent is generated fromthe peripheral
pixels. At this tine, the red conponent is generated utilizing either the
vertical direction or the horizontal direction. Since the precision can be

i ncreased without being affected by the edges and the |ike when using

ei ther dtresbindbtbavsbgnahe sfrehgewecoiceldyi and hotizehtyllyhedyecéheal
correlation and the ~ 3 MAY 2002 18 horizontal correlation are conpared

wi t h eacho@thpixeAsSUNTRE reffatret, herikkor ireeplealt: €or e6lakkofoi fhacHi therence
between WL and WZ and the vertical correlation is a difference between W8

and VO, theoyetibhabrCRuhghaben i§ $bONGoMPeAst Ws Wb eI NBidVo 20di4hg
hori zontal correlation is strong when | W-WZ | <1 WB-WO | . So, when the

horizontg%ofga{glﬁ%gggsiStﬁéféﬂggpEBGeﬁﬁfﬁ§9€h@fiﬁ5§érfﬁﬁffgy S?%?% he

WL position and t position"is added t0 the signal "'transmtte gh

the Oyn fibigdeqt BeLeby SBLALYI BE1LDE Luntpancgyal ue in the Cyn position.

The red conponent I n ?%e WL position is obtained by subtracting the cyan
oS t1on i 5 Bt A ad ad s I age i S el BIRIARE 1oy iz
[ cowi ot ne s Gaes BLoRk o ROt Eh"E0eBRll R M W Y7
obial netbhS TRtTHTELo SO e oy £y EFS E RBET E b T e P8 € g ng
{19 O L1 AP S B0 Seth el (8, Do,SHALNEE, P SATROTRN L1V

n/ 2+W./ 2+\W\/ 2- [ 4- 4 . . . 11).Likew s when the vert.ic
g%rrelaI?EﬁP?@%Eﬁ%%NﬁﬁéaéifI?ﬁﬁ?@ﬁﬁ% ding 6 *the ‘Tespective 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



1 ~ MAY JO2 19 value in the Cyn position is obtained as follows: 13 MAY 2002
Cyn/ 2+\W\8/ 2+\W9/ 2- Cy3/ 4-Cy4/4 .. . (2) Further, as well as the Cy filter
section, the lum nance value in the Ye fijyter section nust be obtai ned
utilizing the peripheral pixels and, hereinafter, how to obtain the

| um nance value in the Ye filter section wll be described with reference
to figure 8. Figure 8 is a diagramillustrating an exanpl e of arrangenent

of color filters on the CCD 102 in the color pickup device according to the

first engggb@eggcqhﬁ;@%VQQ%Qntion. In the figure, Yen positioned in the
center is apixel the lum nance value of which will be generated hereafter.

Further, Yel, .., Y673 and,ViE; g eaRi fgiggg%i\c/\}ghege é@a%%h@fiz%@esment

direction with réespect to the Yen, an are pi X

positiongg ic.'&ltor'}e £{ bl Galondiyr @ty qp, Whh doRRAR ohdi! ES%XE”imZ €SB cku
peri pheral pixels are used in the process of obtaining the | um nance vafue
of the Yggvgggitioned in the center. Since the positional relationships

anong the péripheral pixels of the Yen are identical to the positional

rel ati onshi ps anmong t he. peripheral ,pixels in, the case of the Cy. filter, the
| um nance sigé%gH#%tﬂel eh @g%cged %ﬁ%ﬁ%eﬁf£ STRA i ST oc¥ur®Ss ¢ hat
described,.for the filter.,.That is, in fo lLae (1) .a (2) is
replacedp%FngYg?V§%8 Fﬁgofgﬁgﬁi%ﬁsﬁiSg%gp§egﬁggﬁém$8£t%EapgﬁoPFEFﬁPFon and
the horizontal .correlation is obtained in the sane manner as descri bed for

the caselBVe8bt& ning the 1 3 MAY ~p~ ~o | uni nance val ue of the Cyn, and
the Ium nance sjgnal of the Yen can pe obtajned as foll ows according to the
reBationshipIﬁ&é&iﬁ}?kﬁﬁv%r 1RHF AR ot PRl SR TP tHE SR LA performed
corfrelation. The |um nance value in the Yen positiaon when the_horizontal
correlatPBnai§e§PFHﬁg°PsC8§VF6FF8Rs?lrcult 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 of



Yen/ 2+WL/ 2+WZ/ 2- Yel / 4- Yez/ 4 The | um nance value in the Yen positio
the vertical correlation is strong is as foll ows: ‘1?}*@8P1m62
Yen/ 2+WB/ 2+W/ 2- Ye3/ 4-Yeg/ 4 In this way, 1§ nce the color separation filters
as shown in figure 6 are disposed on the respective elenents of the CCD
102, when the | um nance val ues corresponding to these el enents are obtained
by the signal processing circuit 108, the lum nance values in the Wfilter
sections can be obtained without performng arithnetic operation with the

peri pher ale plntRlrfen W4 N8I1,0:21150 ddkd 1, GPI¥D fid lite $RAUONSqY tiaudl, the

utilization range of the peripheral pixels i1s broader than that” o

convent] il dEhinl s ! P LN S IERL IR INEN 00 1383, The Juyn nance

val ues in ct1ons an e Wei ght" on“the target pixe
is 1/2 i.le the conventional techni que uses the average of four pixels and
therebym?ﬁgﬁﬁgﬁﬁﬁ}'on the target pixel is 1/4, an image with very little
blur as a whol e can be obtained. Next, how to obtain a color-difference
signal by the signal processing circuit 108 will be described. Like the

o e e e SR e, 0 ST
Cgrsrg;: g;[ %%é)\g&glernq:gflgl ven O t he case ere a Col or-adi erence sl gna

'Cr and Cb is obtained for four pixels enclosed with
t he bold franme.sho in figure 6. It is to be noted that Cr is a difference
bet ween the refl EBﬁanéﬁ?ggnﬂl?hﬁpl RYHSRCREGAFERNT ahel THf1Esh YrlpediBaLE
bet ween the bl ue conponent and the | um nance value. Hereinafter, the

ners ©& &BCaPTeEEMANdTEENWICR W ldeS6r 584 rdbE4r Wity refRTEREEr Lo
ggSain Cr, initially, the influence quantity to the |um nance val ue of red
i ncl uded fiiguirieghtl ,i @ngbdarfed by WCy. Al though there are two Win the bold
frame shown in figure 6, either may be used. Since the red conponent used
to obtain O nEANEIgRES absol Ut e1SRP RS 02N t PREI €AA navRieey fieClof fomms a8 s
necessary to correct WCy by nmultiplying it with a constant. Here, the
order of 1mage @i @R C®IgEkePBI Fheussagtfaset pE BnELhehbe - r alfhe €61 B2

| um nance val ue of red, is used, and the red comonent is obtained b (WC
)/0.3. AEepverps 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 (0~~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



pyy Q__y, Cr as a difference betmeen the red conponent and the 5wqé qﬂﬁf
val ue is obtained as follows: C (WCy)/0.3-W= (0. 7WCy) /0. 3 ?
Next, in order to obtain Cb, initlaIIy, ttide i nfluence quantity to the

| um nance val ue of blue included in light is obtained by WYe. Although
there are two Win the bold frane in figure 6, either may be used like in
t he above-nenti oned case of 1 3 MY 2002 22 obtaining Cr. Further, since
t he bl ue conponent used to obtain Cb neans the absol ute val ue of the

| um nanceadalelse adid Rloler-idi fife reeees sdignalle o &heWaYe iy Imslitgnplly i1ng it
with a constant. Here, the order of 0.1, which is generally used as the

i nfl uence tibaleldo itno thiee sltwHaened realite 10f5 bl U9 idersted Ak ddatilde
conponent is obtained by (WYe)/0.1. Accordingly, Cb as a difference

bet ween Ebﬁvlalr@ao@lmaﬁq&@ritt hd clhh @ elrFBritan GR skt ohs cebtairiednas talilQWe;
= (WYe)/0.1-W= (0.9WYe)/0.1 .(4) In this way, since the Cy filter

and the %rﬁub'st qn mlr% e coTRiemRNLars ¢¥ ohs ebnf 8dozed bhuene
respective are used as the color separation filters on the inage pickup

el ement s bgggang@%u% i BEELbq 11 308 ol apakoLadiLiengpce ignal

can be re u inthis first enbodi ment e anount of arlthnetlc to
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
’j) 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



obtain’'the red conponent and the blue conponent using Cy and Ye, whi ﬁ? %Q
conpl enentary colors of red and blue, is mnimzed, this is nere1§ 5] 0
exanpl e. Even when using different two kijpds of color filters other than
menti oned above, a favorable image with less blurs can be obtained by very
sinple arithnetic as conpared with the conventional technique. Hereinafter,
the process perfornmed by the resolution conversion circuit 109 wll be
described with reference to figures 5 and 6. Figure 5 is a diagramfor

explai ni ngd Rt &iNGIAL IR PRIOr fﬂ]'%ﬂninahcé %!uk%%g%%_ B LREHSRY Wdy

conversion circui't 109 in the ‘color I mage pickup device according to the

first e I t...af 1. inawvention. In the figure, G denotes a pixel to be
new y fg?%gggﬁgﬁﬁﬂAFggﬁgfgs a pixel position on the CCD 101 that is closest

to the new pix t n ixel _ppsitions on {he 101 .t hat
are adj acent tggfgén%?g%F’Aﬁoﬁkggi%%??gé,E%?d%%%%?%&?%ﬁv%$$? B 5?$e%yof
interpol ati.on_in the case where .the.pixel Ais a Wfilte When.t he pixel A
is a Wf %Iltlg're,r §'secgﬁ(9\ﬁn%|yn tfhleglf'rlémél ﬁ%&cgsgrlggt\%r(?g%%srl\%e?"éetlhg’epi xel B
and the pixel . re., filters anqd the pixel D and the pixel E are Ye
filters,gﬁﬁ&rﬁﬁggewFﬁé EF;§FE§9§n%CE&&g§F§eh'C are Ye filters and the pixel
D and the pixel E are Ci filéers. Fbwfver, bot h cases are under the sane
condi ti on whenf1HRI® nhgtS of F1RGFEMEI15UP LA RE AP AR RE arkaRgement

| um nance val ye of_ the new pixel G can,_be obtained by the sanme_ process and,
t her ef or 8% GRLPTt Fd1ESLE RReltES FEDHilVel 1B SR8 FRECHI ¥BRIE BEEKED FRNVLEEs
and the pixel D and the pix21 E are Ye filters will be described

her ei naf BEFOTAANGr §&r thE SBESTH eMROAiTgNRancé v &nge fdPUERe &R HOSdItigned
injtially, the amount of change_in_| um nance val ues nust be obtai ned using
t he | uni ABnEBeVERGESTOL SpRAxBLEeE &RG Eunipaecer vairet fé vVhhFfRanéélvRPues of
the pixels B and C, which have already been obtained by arithnetic

oper at i ofeRRtRtEAe hpEPRSREral PFiukdne s n Cvhe Wi gk, pro@elsiate diirealiy 108,

are used, the generated i mage m ght becone blurred as in the conventional
t echni queositioned 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



24 ~ 3 MAY 2002 Therefore, in this first enmbodi ment of the invention, the
amount of change in |uminance val ues is obtained on the preni se qlﬂaiﬂttYhéUﬂZ
change in |unminance val ues between pixelsigs in proportion to the
difference in the filter-transmtted signals between the pixels. For
exanple, since the pixel B and the pixel Care Cy filters, the | um nance
val ues at the pixels B and C are conposed of only the cyan conponent.
However, in a natural image, it is rare that only a specific |ight

corrponenth&bﬁme@ay\h@@rt@pacm resé chapgesd antkh genet alder al1agehRing
conponents change at equal ratio. Accordingly, as described above, it is

possi bl e 10 €XPEESBo F NEREPLNE o e CHBNGE 18 4 WH fENe MAlBaS I e and W,
assunption that the change in the |um nance values fromthe plxellB to the

pixel Cigd dl—Pé OsP@fEi'%i'l) t@other g {derence dlnffél?erfdé tkf'ertv;éé}flsfm hed

signals B bet ween the pixel B and the pixel C. ‘Therefofe,

assuni ng ¢ 1}“@ P@zééf@é‘i?&i?ﬁéﬁtw S Bed |14 2, 19,1106 Wfah&eEﬂé”

the white s Q (X change in um fdante val uds’fromt

pi xel B thohhzeorﬂiﬁ‘f'cocicf L EDEESPLL oS rflr) | (@, -, KEW 3%,y @SS KR NGyLhal

the transmssio n ratio o I'ght
70 S B, BRI s R o Rl
fil d h |.S
rgsggztf&:q“@p%%z% S‘rﬁrﬁ%e? TR ST AR X%eqdelecan e
~ 3 MAY 24

oo SR RSB AR B A el

the nt of ch nge i n the umnanevalu fro the i xel Dtoth
plxel l%(?ﬁf P X %? é% e,

e o 0o ga b e Qqqu ST e
Al X (Cp051 14&3 gé%” %,(End thé 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 positiorn 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 .. (1)

Likewise, when the vertical correlation is strong, the luminance



That is, the resol ution conversion circuit 109 captures the |um nafice MAY 2802
of the pixel Afromthe path 110 shown in figure 1, and obtai ns the anount

of change in the |lum nance values fromthe pixel Bto the pixel C and the
anount of change in the pixel values fromthe pixel Dto the pixel E, by
using the filtertransmtted signals of the pixels Bto E that are captured
fromthe path 111, w thout using the |um nance values fromthe path 110

that m ght cause blurred i mage. Next, when the pixel Ais a Cy filter

since allyfud hen pixel syB Ii@sftiadire W ot Siedsasersn Towam figure 6, the
val ues of the pixels Bto E can be used as the | um nance val ues.

Accordingly, the |um nanggn Qh.we/gntwt/tzecgemp@;% 4 Gis opjpined by using
the | um nance val ues of the pixels B'to outputted frontthe si gha

processing cirguirkhb@8 as LReY %%etww 2 Ottltétngettﬁohuﬁtﬂéniemxa Hes
obtai ned by arithnmeti¢ operation with e peripheral pixels. ~ 3 MAY 200z

26 Herei 1&% i RS oY pfl Mddcdfo rg'n\{?s'ﬂc He LR L32Q WGNS A4 rh&'ﬁi{@ nance

val ue of e new pixel Gis talne usi ng the lum nance val ues tputted

f h

om e gl ueﬁl"?ﬂ%%l?pﬂtf%féq%fe@ptiéwtfﬁ?ﬁt%érﬁ e s
CB)/2 IR t i ch
s ai statedyd athr romﬁﬁe@epr?%e%%ﬁ% P i e Ei.rect.%n'f"ere Tave

a | um nanc e#¥alue t is X (CB)/2 larger than the Iunlnance val ue of the
pi xel A so in the vertical direction, the |um nance val ue of

he pixel G E.D) /2 || h
Zciofh.xﬁgw,'fﬁ't ALCIR tﬂ@ua‘éwkf‘-‘&{‘fg{‘%"éﬁ%ﬁ% € bt afheahagrent

th I f.th t of t h
o, AR e B Aol gt g N B BB e g

t he | f t he | . E, foll DOAH
(OB s 28reReipe e Ehe ke Rrliekett g?ﬂ& aavsateen?irst%rﬁt“?rcuit

109 captuyres the Iunlnan Ge values the i xel.s Atqg E. fr ath 110
shown f’n%ﬁggttree fens.pr?éé Spr%et ndhg f@h@eg i3 8 Biaew thf ST RAGTe he
pi xel is.a Cy | um nance v putted fr ntthe path 110
and the Rty htF@gﬁs Pen QLTS JeﬁgﬁﬁftheFﬁéF%efil YgaveWthel €2/

same val ues, and, therefﬂ tree resolution conversion cjrcuit 109 nmay
capture BRE Val #ES BIXEhS BPREFEOREEolE F?%n???k@?ﬁﬁ%ﬂJﬁﬂ?eqt%%P|WF¥%e
above-nenti oned case where the 13 MAY 200 27 plxel Ais a Wfilter. Even
when t he IEPRECtAtOs theydem,| @oa Y& nclsra¥E1of ARReVpdbepRdral s iasrid @ad E
are Wfilters like in the case where the pixel Ais a Cy filter (refer to
figure 6N thE Vekithsdde NELGEIGR MREDNERSPRCE t ERR KENobt AMFSE in the
sanme manner ,as described for the case where the pixel Ais a Cy filter. As
descri beBeZBBYE A B G Fe PEEI HG SR ﬁ@thFXBFOCFﬁé PEsBPEELBANE0ADES si 0N
circuit obtains the |um nance val ue of the new pixel G by using the

I nancéuWéPé§CSfV?héeppieﬁhﬁlgéédppﬁthénﬁésﬁpl6H30F6§ §f-to the new

pi Xel, which |um nance value is obtained by arithnetic operation with the
peri pher al pi xBHRCE nChR PP YrbPR P} cEREIT HP TR FRYI ARt LR IRRF theTal
filter-transmtted signals of the peripheral pixels of the pixel positioned

cl osest PdXEhE REWLHExERD RESI éfi@rlélCBﬂuut@ at}é Pesihéonal| gehatienships
peripheral pixels can be reduced, resulting in a high-contrast and
hi gh- resémeﬂgoﬁhpuﬁﬁﬁ&ﬁéérﬁ%aﬁéxeﬂﬁ iR §hej £apeenBolhrey, TRAEATE hENBI xel A
is a Wfilter, the new pixel Gis obtained by using the filter-transmtted
signal s dBmMinangexel§ns t 6fEthap¥aregarr bm pgﬁapaeg byithe spmaj pracedure
hi gh-resol uti on | um nance i nage. However, even when the new pixel Gis
obtalnedabytbgtngeﬁﬁélbﬁﬁlﬁ@ﬁcéh@apwe§léteﬁhe Fiheél 4sB €y Enc&prmuddef rdr
the path 110 as in the conventional technique, the anbunt of arithnetic to
obt ai n t hadpi(X¢l 16 raplbeedewacbdYBy ebtathengelhtibnshhpnbetvatnetbe the
pi xel G using forrmula (5), although there is the risk of blurs.

vertical correlation and the horizontal correlation is obtained

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



~ 3 MAY 2L0 28 As for a nmethod of obtaining, by interpolation, aJFQIHAY 2002
difference signal at the pixel Gto be newy generated, since the
resolution of human eyes is lowwith resp@t to colors, it is useless to
make a contrast, and a sudden change degrades the inmage quality as a pseudo
color. Accordingly, blurs are preferable for the color difference and,
therefore, linear interpolation is carried out in this first enbodi nent as
in the conventional technique. Enbodi ment 2. Hereinafter, a color inmge

pi ckup delumenancerdabget ofatsecOpd, eahddtheniumindiee psspent ofHivenei van
will be described with reference to figures 4 to 6, 9, and 10. Figure 4 is
a bl ock deéagripen bbtasheat a89falTOWSr atBBHEL NG CkalpLitke Vi €k ticros il P db & Bwé &8
second enbodi nent of the invention. As shown in figure 4, the constituents

of the cotwe VvEREECHL CkUPr&ENtLEn AEEAT Eh&Thd £i i et SE ek SIEROBENt are
identical to those of the first enbodi nent except a resol ution conversion

circuit 401. Theiehp@nditd Mad useGONEHRTIRA MRRY £ i3ndRaeh! RhiORoWilZon? 1
given of only the resolution conversion circuit 401 which is different from

the resol i om £ONNET 8L 08 £bRGULE 9% bim &g, col or image pickup device of
the first enbodi nent, and the constituents other than the resol ution

conversion circuit 401 will n@tnhe,fesari bedy.FiQuwe,9 is a diagram for
expl ai ning interpolation perforned : ! 2

The luminance value in the Yen position when the vertical
correlation is strong is as follows:

T) 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



by the resolution conversion circuit in the color imge pickup 113 MAY 2002
200Z 29 device according to the second enbodi nent of the invention. In the
figure, white circles indicate pixel posZiions on the CCD 10l, and bl ack
circles indicate interpolation positions. As shown in the figure, when
generating pixels twice as many as the nunber of pixels on the CCD 101 in
the vertical and horizontal directions, assum ng that the distance between
adj acent pixels on the CCD 101 is 1, pixels 901 to 904 after interpolation
are respeethod) yaposiibredéffarencdi stgneé obmptrdsingnatpeipi €l CA iandt Ok
vertical and horizontal directions, that is, the pixels 901 to 904 after

i nt er polatibnbarebpasnedofied atreegufbudi piaatses f Hemetihefpexel aA.
Therefore, this interpolation can be regarded as expansion of the pixel A
on the (f&s¢pipbeohouwilpi kel §196A b6 PRE. chleeewnetfs es, cdéNEGrpaOEESBence
performed by the resolution conversion circuit 401 will be described.

Initial |é/1gr@alje§61ﬁ£b@is@ﬂg%|babﬁ gfven ghdtOe Ps0GIeesinéd t her ca6erWpere1the
p| xel -A-js a Ov ter. Since pixels Bto E are Wiilters.when the pixel A

is a Oy dididsedr@ien tRelbaUaesBimet Heowal vescigeratde CED fkl terse
corresponding to the pixels Bto E can be treated as | um nance val ues, as

they ar o dherefft eortDe AMBYRte HinEhaBEe,E 8y [ Hi%e | HEH NARGSoNE UesnaT oRR t he
pi xel B to the pixel C (horizontal direction) is (CGB)/2,” and the anount of

change DB{yhemhdide,pixel fndisc§hi§tgdd{’fféfé‘néé_béﬂ?eé’fprﬂﬁé)rﬁ edirection
i s obtained by DX=(C B) /8 Li kew se, the anount of change DY en t he pi xel

Ais shif gqnf}%,p% é/éna ntﬁ@elw.‘ﬁﬁ{ﬁél?@é G'éi &t' Ogeké HQ%@éPed qg x@%&ﬁ%gy:gan g

| um nance 3 ues at

Acgordin
909 can d&gc %%P%@%B%i%e L@é@&rw@d 1%%5&@%; 2 e of the pixel A

obt ai ne e signal proce55|ng circult unt of change when

the pixel ' Sgkhg%d&%yo%Q%; hel% %zﬁﬁﬁbf Eorh?ﬂueﬁﬁg %ﬁgn%g%&nEébl

change mhen t he pixel IS shi I'zonta rectio
;Aﬁ gei (r:] r&){)é ciL %o?aggceslé%%? h(ge}?(?f/?r %%%?d dﬁf Q‘gﬁ olr% Yf %q—laelrnse a'rbb pav(rzpi%ﬁged
\(ljme}[/ihgﬁt i\gﬁ%{qﬁ ntg{né(}refava% u%‘fﬁ vgacraet&?iaééf& Esl'leécng [ osflrtogje{lg O@&%ﬂ s

eh rﬂd}?ﬂk@é 4‘&? SP ?{:1158 Q?%S n &L Vhpg]eci at:o p&?@%l can be

Ther ef ore, nance val ue t&l e ne geherat e
Obtalne%égﬁs(¥ﬁ@ absolute value of the luminance wvalue 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 wvalue 1is
obtained as follows:
Cr = (W-Cy)/0.3-W = (0.7W-Cy)/0.3 ... (3)

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



sinple arithnetic operation and, further, blurs in imge that occuf JdAYn@002
i nterpol ation by the resolution conversion circuit 401 can be m nim zed,
resulting in a favorable i nage. Even whe@2the pixel Ais a Ye filter, al

of the peripheral pixels Bto E are Wfilters (refer to figure 6) as in the
case where the pixel Ais a Cy filter. Accordingly, the |um nance val ue at
the pixel G can be obtained in the sanme manner as descri bed for the case
where the pixel Ais a Cy filter. Next, when the pixel Ais a Wfilter,
th~r:: aobtaimicesey. JFudthdfyy 2002 wier olbe gummindhtandddepiotetain are
Cy filters and the pixel D and the pixel E are Ye filters, and where the

pi xel B a@mdnidaspittel absulmtée vdlueerct amek tlmipiatrle Raané bife ppiueel ik are
Cy filters. However, these cases are under the sanme condition when the

i mage of nlicgigsary ite Araterd -0 Weanaesplgitd e hithnaneensilawe .of the
pi xel Gto be newly generated can be obtained by the same process and,

theref or ge r@nl XHeh@reR%e d@herq t heiRixals %e&@qatm@ Riskel 26 2he OX Fhlidefles
and_t he pi xel' D and .t he pi xel. are Ye filters will _be descrihed.

hereinaf t, grmoﬂ&% Re@ tl'tﬁﬁ%lanrc‘:‘e' 19Rs WD 130N ot R el | LRES the bilg case is
shown in figure 10. Figure 10 is a dlagran1lllustrat|ng arrangenent of the

col or i L %n%ﬁttﬁ% P dliheld®yC Ay el 7RAq p' ¢gprgdi ng to the

second enbodi nent of the present invention. t he f|r enbodlnent when

obt ai ni g e - 3HRUNG QL haRge bﬂu%h%ohﬁgb%SQC% HakﬂﬁslkﬂthECEOQ 200t als

direction, erence between Rown i n I gure i's
nultlpllggFgahg the tLangpisssion ratio and the result is used to prevent
i mage from becom ng bl urred due to use of the |um nance val ues obt ai ned

by Jari thnetic operati,on Wht@ U% Rekd ghggag ?V% 1Fbmever,(%f)5|npl!fy
0 a

the arithmetic operation, second e enpl oys W' and W mhlch

are positione nGe, al u have

al ready been glnrgy\émﬁi%j'ha% nghea(%? f{‘ft%%r%rg@lt%h T he Ifl;lrsr]itﬁan lv% uess
4

oixel s apaPELPPBNCAALn CBLAGS. OfhbanBlAt PORCChERTBSFOF TBhE: prasl 158 2013

he anmbunt Cot céhan

prXE|

Kgﬁoﬁgéz eT§§?§&§¥%gg@%tkemf§§lEQ%ea§ﬁ33§F°fPﬁgﬁaﬁ?cﬁﬁﬁf phesB Ehe |,
\Y; i D 1

Eilter ca tﬁecéggghag QQE?ﬁ XB&Q& gglgyealﬁ?greﬁ %eg n1naﬁ%§ %e

filter, ere pi-X&é

val ues at 301é 902, 903, and 904 are obtalned as follows, using DX, DY, and
thelumﬁﬁ‘d‘é Jalue of the pixel A 901 ... A- DX + DY 902 ... A+DX+DY
903 ... A - DY 90 de crlbed m

value of & pi- %em%m%ﬁemwmﬁ%ﬁwlﬁﬁﬁﬁh

val ue of

i xel . that 05|t| close to new,
Iuninanc%ggg?ﬂeLpg 58?aFﬂ §°By" arl Hn%glcggﬁgrgPpgﬂnﬁPFﬁufﬁ%g @?ISngEF'
ixels in th nal oces cuit, _.and .usi um nance. val,ues of
p els cBP?EEp g mBéeWFP ngr &ﬁSEebleFgraP Hiﬂ?tteﬁ %%ﬁﬁ%%éeéan be
d as gunlnance val ues. There ore bl urs.due taq ths fluegc% k %
peripher Plﬁlial@eﬁﬁ Yhal, 64aRRYS wth?Bngeﬁlﬁﬁlggn rasErSh 1ndas
hi gh-resol uti ance s obtajned an reov res Iutlon
Conver o1 9 €akobe T LEFFS cathg ot hanenaat ones, “QaBtr att POk aRGe ShPRES
Operatlon ith 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



The | um nance val ues of the pixels corresponding to the Wfilters hﬁy“ﬂ@ 2002
captured fromany of the paths 110 and 1l 1 shown ~ 3 MAY 2002 33 in

figure 1 because the |uminance val ues outddUtted fromthe path 110 are
identical to the values of the filter-transmtted signals outputted from
the path 111. While in the first enbodi ment the color-difference signal is
obt ai ned by linear interpolation, another nmethod will be described in this
second enbodinment. In figure 5 assuming that the pixel to be newy

gener at edoystiZe rapedupiepl soaversiponsiareitel @2t zul: the ptakdér wimhiga W
filter positioned closest to the pixel G a pixel with a Cy filter

posi ti onepickesedevioet hecprdehg Goahe af prsel embodimerve ¢f | tlee juosentbord
closest to the pixel G As is apparent fromthe filter arrangenent shown in
figure 6,Ialtheffifese, pGxdésobes al paysl pteseatnéewl ¢ ho2ned pi xed sA
including the G position. To obtain the color-difference signal at the

pi xel G deneavesCh piredbbpashetonsomgthidesed vhdlieshataccdraidgedto tOr thék ae
(3) and (4) that--are-identical -to-those used when the color-difference __
signal isneobtpinel by dhe Bigoal PENCESSPHPIeTipssitidhdd of dre ddmstol
embodi mrent. C = (WCy)/0.3-W= (0.7WCy)/0.3 ...(3) Cb = (WYe)/0.1-W=
(0. 9W Ye)#katd are (ddjdsesiesesi Biesl whewve,n since the color-difference signal
of a pixel to be newly generated is obtained using the filtertransmtted
signal s of theppireghsfitert,he Wedioriptioh WAe1new Biveh, OEOiﬁ@e&Fa_S_fat'i%nﬁa%e
and a sudden change is avoided with respect to colors to which the .

resol uti othOfciuemmerestns pove1l her£hy w heivmge apadi tyhd Soprevent ed o
fnanlbelng degraded due to 34 a pseudo color or the like. 1 3 MAY , 2002
Whi

I e they resoldit| Ofls COMMM SIPNELdU K d S B 4 Y & thedd lrmatexaéwh}?eecond

enbodi nents performdifferent interpolations of |umnance val ues and

di fferentyjnterpold s Sfxeol@rad fderance s MRl Snd $3RRA IVEI the

However, "as a matter of course, the conbination of thesé interpolations may

B o nogf s S s penisol uhd B ol VIR s
of the JYe seoqnd L vRNp1:001 eddEHRR& MalUG JNisy RAhaldQn of the
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.



second enbodi nent may be conbined with the color-difference signaXS MAY 2002
interpolation of the first enbodi ment. APPLICABILITY I N | NDUSTRY A col or

i mge pickup device according to the pregdnt invention is provided with

i mge pickup el enents 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 signals corresponding to the
respective pi x8herafidreypphi edikr dirsheembadémphekap thenkenvsntiosi ghak
processing circuit for obtaining a |um nance value and a col or-difference
si gnal f emoRaah gfi xelangésiing livne Harddeerralirnrs nid topt adingdlos @l @3faiidiag
to the respective pixels and stored in the storage circuit; and a

resol uti @haGOoRKR Thehga rHeliltunfiofankey elllied HetiicPOlpdlkied® Usi A6 t he
| um nance val ues 1 3 MAY 20Q2 35 and the color-difference signals

out put t e¢h loppttide TioRdle RIIFFRTENMEG Gin' et £iand rt-Re ahishti @t el aRgHated
si gnal-s-corresponding-to-the respective pixels and outputted from’the inmage

pi ckup elemgaks, thlepehsigeners@dl o Al nante Uld'9i3Rd & and the pixel
color-difference signal corresponding to a pixel to be newy generat ed.

Theref o @ o3Veialie (BhACetHNd uhitldhteNURNLNALLUE 52DeBE BOLAUNRI Atle!

a very snal nt of arithnetic. 2 36 AN 1. col or

; : . Pthmet i . I i .
i mge pi ek dey 68 of %%bngyahnﬁﬁgfghQKQQ elRiR Q%!%gggﬁ#%%l image,

separation Tilters, respectiverly, ern one array péttern e col or

ot o cal | g
separation fi gjfsi&é ‘Eﬂfarte%m%%O:sﬁ)eefrc?‘fgcgllggh% S oﬁéﬁt}’%@&lg@%%i ﬁa@% the

hari zont al'l y "adj acent to ea age clrcu
giggfgégEgggggg%ggpggggaggggg;5gﬁggggpgg 491" 881 685RERbbYERRL EhEnd ot
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



a signal processing circuit~for obtaining a | um nance value and a ']3 MAY 2002
color-difference signal for each pixel, using the filter transmtted
signals corresponding to the respective pibxels and stored in the storage
circuit; and a resolution conversion circuit for perform ng interpolation
using the lum nance values and the color-difference signals outputted from
the signal processing circuit, and the filter transmtted signals
corresponding to the respective pixels and outputted fromthe i mge pickup
el enent s obithdmelay hyeneviatg nthea luminenee wadluse chdha @dlxen- &, f fréeerg@unt
signal corresponding to a pixel to be newy generated. 2. A color inmge

pi ckup defi ehaageddld nek ilundaindel vatheriseift critthe’ @IQedt iBORC@MELSX C,
circuit perforns interpolation using the |um nance value of a pixel that is

pl aced i ana RO i esedhdryd e pineell vl nRe JeeWaY vden ek dneWiiGle1 D
| um nance value 37 1 3 MAY 2002 is outputted fromthe signal processing

circuit,t@n@h@skageqh@;ﬂagefbﬂmﬂnﬁnitted signals corresponding to the
peri pheral pixe i

s of the pixel placed in the position closest to the pixel

to be newy generated, whigh:fd|tersty n .t 1 SI-GR are outputted from
t he i mage pickup el ernents.ﬁwé».j Alc%:oIBor) i /Sj;el%ﬁglkulg &Z\%‘?ge as defined in

Aeim 1 O aim 2. : ! . gl
arm 1 or %ﬁ%x@ tE{\@%?HQﬁ gfré%‘){ssﬁﬁ‘cﬁg%éfﬂ%é'c%{:%@é SPréeasrPc?%é‘g 0

the four pixels formng eac ay pattern separati o ilters

on, the | gage, pLekynochameiy ace coaThased g kYo cHROhERIALAL.! (angHl B3 on

filters ereinafter referred to as ters two color filters, and

he WfiLherseandikds eohar obirhlifed a5e£a11aRged in a checker pattern.
i) A+jX (C'-B')/0.7/2-1iX (E'-D')/0.9/2

That is, the resolution conversion circuit 109 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.



4. A color image pickup device as defined in claim3, wherein saif:;clq}“@rzn 9
filters are a cyan-transmtting filter and a yellow transmtting filter. g.
A col or image pickup device as defined iB6Claim3 or Caim4 wherein, when
the pi xel placed in the position closest to the pixel to be newy generated
is acolor filter pixel, said resolution conversion circuit obtains the

| um nance val ue of the pixel to be newy generated, by calculating (a
difference between filter-transmtted signals of Wfilter pixels adjacent
to the col or fHéteinpfkek) Xéadéactbptbasedibh baegposntodntiod d¢dee piwkeke 1
3 MAY Z002 38 to be newy generated)-I1-(the |um nance val ue of the col or
filter pithel loutipuniced viariem tdfe thiegmaw picedssi 1@ obtatinkl. ueind €dleor

i mge pickup device as defined in daim3 or Caim4 wherein, when the
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the Slgngkrgéggggflggec ﬂﬁghg%te 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 using
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+j* (C-B) /2-1i* (E-D) /2 ... (5)

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 of the pixels B to

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



8. A color | mage pi ckup device as defined in any of Clains 1 to 7, %ein
said resolution conversioiz circuit obtains a color ~ 3 MAY ?.dd% 2002
di fference signal of the pixel to be newl37 generated, by performng liner
i nterpol ation using the color-difference signals obtained by the signal
processing circuit. 9. A color imge pickup device as defined in any of
Clainms 1 to 7, wherein said resolution conversion circuit obtains a color
di fference signal of the pixel to be newy generated, by using the
filter-trabsel tAels sagmafslterresponding to the respective pixels and
outputted fromthe image pickup el ements.
.A@. A Afy. A EAtdn Ah2nAnfRReAYR e IRARE A Ye filter, since all of the
y. Af 3, . ASYy. AR AU, . Ay. A@. ASy. ASy. A3. Ay. Ay. Al. AA. Any. ASY. A. ASYe. Ay. Adie. A{.
Ay. Af Al y. é r Aile ADL AF AVESY Y 3BARS_E* bbdfwi £ tarbd X Ciad cad ctigd) €ase where
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
Ta] ca] ca] ged)|gimtél AR S &) @yCfilter (refer to figure 6), the luminance
value of the new pixel G can be obtained in the same manner as
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
i) new pixel G by using the luminance value of the pixel placed in
the position closest to the new pixel, which luminance value is
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 by

obtaining the luminance value of the pixel G using formula (5),

although there is the risk of blurs.
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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
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positioned at a distance of 1/4 from the pixel A in the vertical
t) 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 901 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

N

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
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filters 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
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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

‘Q) 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
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Cy filter, the luminance values at 901, 902, 903, and 904 are

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

pixel A.
901 ... A - DX + DY
A) 902 ... 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 pixzel, 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, blurs 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
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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

Cb

(W-Ye)/0.1-W (0.9W-Ye) /0.1 ... (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
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first and second embodiments perform different interpolations of
luminance values and different interpolations of color-difference
signals, respectively. However, as a matter of course, the
combination of these interpolations may be changed. For example,
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 wvalues
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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. Therefore, favorable processing result having no blur

can be obtained with a very small amount of arithmetic.
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10! 1 CLAIMS

1. A color image pickup device comprising:

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

rT) 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
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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.

3. A color image pickup device as defined in Claim 1 or Claim 2,
wherein the color separation filters corresponding to the four

i) 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 value of the
pixel 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
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Entrvar@ﬁﬁﬁ%ﬂﬁﬂt%hen 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 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 Claim 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 value 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 resolution conversion circuit obtains a color-
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difference signal of the pixel to be newly generated, by
performing liner interpolation using the color-difference signals

obtained by the signal processing circuit.

9. A color image pickup device as defined in any of Claims 1 to
7, wherein said 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.



