-1 - IMAG NG DEVI CE Technical Field The present
inventi.on relates to an inmagi ng device for apparatus
such as digital cameras and digital video caneras,

and more particularly to anmlﬂaglng devi ce t hat

takes an inmage of an object wth a single-chip image
sensor. Background Art Cbnventlonally when an

i magi ng devi ce for takln% col or images is configured
with a single-chip i mgdi&eNsorlEV it odi odes

(pixels) are arranged |ike a squared grid or a 45
obl i que squared grid, and color filters correspondi ng

to col or components such as R (red) , G (green) , and

Bl ¢phoéyalarfs eard anged on the phot oreceptive surface

of the respective photodiodes in a regular pattern

such d&he BPré&senB. inFemttihen sgedeedsgtodaar nargeimntdevice
an output image signal for the amobunt of one. pixe

I Sooutpphritom-eacth g8 x@&lgbtalheainrage sersaigiFoil video
the 45 oblique squared grid arrangenent, an output

| oage raisgnahdf abrehesanmiwtl a ol yive g Xedsgi18g aidPute that
from each pixel of the inmge sensor. Thus, an output

| Tage si sn ganRgfead €Gn bnj@@@:hu@ahlmagh@ged%wlcgelﬁa@e sensor.
taking color images, in order to generate an _
accurate output image, the sanpling frequency of the

i mge sensor needs to be equal to or higher 2 than

dedblke thenspatt al frequency of an object to be
taken. .

Conventionally, when an imaging device for taking
color, imageé isconfiguredwitha singlé—chip image sensor,
- photodiodes (pixels) are arranged like a sguared grid or
a 45° obligue squared gr‘id,i and color filters correspondingr
to color components such as R (red), G (green), andB (blue)
are -arranged on the photecreceptive surface of the
reépecti#e photodiodes in a regular pattern such as "R
GGB." For the squared grid arrangement, an output image
signal for the amoﬁnt of omne pixel is output from each
pixel of the image sensor. For the 45° obligue sguared
grid arrangement, an outpuﬁ image sigﬁal for the amount
of two pixels is output from éach pixel of the,image sensor.
Thus, an output image is generated.

In such an imaging device_ for taking color images,
in order to generate an accurate cutput image, the sampling

frequency of the image sensor needs to be equal to or higher



- G and B conponents from ou

That is, if the spatial frequency of the object is

hi gher than the Nyqui st frequency of the inmage

sensor (half the sanpling frequency), false colors

(color noires) may occur at locations such as the

boundary of a light portion a a dark portion of

t he object. Therefore, an optical |owpass filter is

typically provided in the optical path wthits

- cuthaff dbuedeenty spitieoltimwediquistof keqoeheyt ©6 Hheaken.

i mage sensor, so that the imaging light directed to

t ihdtndge d€nsbe kpaftiilatiefedgudsnay eonvery b@Ralct is higher

i magi ng device configured with a single-chip imge

Sets0t ,than Nyamend € ofrdesenithedfi BheJapanesgcRabeNtinalf the

Lai d- Open No. 6-141330 has been propose (Pat ent

Dacineind fretheendypptionsdesardhedcbtotthhSires) may occur

speci fication mainly includes an inage sensor of

Siagliercoi dNO-ShER 4¥PEnaNgoankbiawPaSSaf I8k portion and

circuit having the cutoff frequency not higher”than

- hal fahbe semlid ofr 9@&@”8%9’%‘& .det'?ﬁékggo¥%|,' 4R optical
puts of a video
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far i1 ncluding the invehtion described in apan5§gu§ncy
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( e pixels I magi
the, pixgl §mage sensor is filtered.

As a conventional imaging device configured with a
single-chip image sensor,' an invention described in
Japanese Patent Laid-Open No. 6-141330 has been proposed
(?atent Document 1). The invention described in this
specification mainly iﬂcludes an image sensor of single-
or two-chip type and a low—pass filter circuit having the
cutoff freéuency not higher than half <the 'sampling
f::ecjuency_ and detecting valid R, G, and B components from
outputs of a video amplifier circuit.

Patent Document 1: Japanese Patent Laid-Open No.

6-141330

bisclosure of the Invention

However, with single-chip image sensors proposed so

far including the invention described in the Japanese



of the output image are in the ratio 1: 1 or 1 :2.
Therefore, each pixel formng the output inage only
receives an output signal of any one of RRL G and B
fromthe i nmage sensor, anq_sggpals of the other two
colors are interpol ated from~other pixels aroundthat

pi xel, so that it can be said that the output color

is estimated. Thus, while a three-chip image sensor
neyeentaus d-DakseNoal 6F3 4nexBVUSen eatipt Xelage is formed
receives signals of R G and B, a single-chip inmage

seasohatnyhkves xd1fs icquldne ima@pﬁ?dyéh@greé@@ the pixels
colors and tends to cause fal se colors. Further :

consiriesatban DhabbeeehahSMLAUST NG dP8 . ot endencyFore,
of false colors poses a problemthat, as shown in '

FegUh @ % OF £érrfifgy eHbaldt hheaquensy e o208 1Rt ’gﬁlloutput
| ow- pass filter has not been able to bé set | ower

thagnahabk Lhe %@Hﬂdﬂmkjré¥ﬂﬁﬂ§y3(%ygﬂj§Bef&§%§%p%gnsor,
of every color. For exanple, as shown in Fi gureés

agdd 2 §1051 8No £ MBYE o1 SRNSQL, & 1 Wy.ch 6ol ot (fi og[fgted from

-are arranged in a Bayer pattern on inaging piX

ed: grid (pi | itch; . .d)., the .
aktRBY ?1§%l%f%¥gﬁﬁ@ Qﬁ%g ggﬁ%?&iﬁé o lFiF L, be said

cutoff frequency fc of t OW pass

i &9&6@{@'@@@% | awer, .t han the, Nﬂg%i%t.oﬁ SN Yunite a

for the sanpli'ng frequency of "every c _
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image sensor involves difficﬁlty in reproducing exact
coleors and tends to cause false—colors;

Furthér consideration of the mechanism causing the
tendency of false colors poses a problilem that, as shown
in Figure 2 or 4, the cutoff frequency-fc of an cptical
low—pasé filter has not been able to be set lower than
half the sampling ffequency (Nyquist frequency) of every
color.

Foi example, as shown in Figures 1 and 2, for an image
sensbrinwhichcolorfiltersarearrangedinéBayerpattern
on.imagiﬁgfpixels arranged asaasQuared(grid.(pixel.pitch:
d), the cutoff frequency fc of the optical low-pass filter
isg preferébly set lower than the Nygquist frequency for

the sampling frequency of every color. In practice, to

avold sacrificing the resoclution, the cutoff frequency



in the longitudinal and |ateral directions for G
because G has a high effect on vision. Wile this
cutoff frequency fc can filter out unnecessary high
frequencies in the longitudinal and |atera
directions for G it -passes 4'requencies hi gher than
the Nyqui.st frequency in the |ongitudinal and
|ateral directions for R and B and the Nyqui st

f riegienciegs tion at fre 1okl aawairtd riect2 onf § orsdp Gingafdequency
B. Therefore, there is a disadvantage that pixel

sighahe {mdgéhese ol ais hrespelctPt OReld ¥arphii iRt Egequency
and false colors tend to occur. The occurrence of

f als @ neoh 8ng 1fr@id i0aCh 6] 0k tMBYa DRI AHOVEM 8 DY ¢, because
setting the cutoff frequency fc. of the optica

| ayhpass hfiigdrt 8 FEe taoN aliuei deveryh 1an {hes QWS frequency
frequency Tfor the sanpling frequency in the

| ongi tudi #al rand d@t ehahe didecty ons ghore R and, i
which is the | owest sanpﬁlng fr%quency anong t d%% in the

Oflcﬁngﬁuaﬂgaﬁ ahm\’eyg%ertam S4has c¢a disagyan ge ?f passes

the lack of signals for the G conponent, so t
oL R oAP A 13, B o
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Insféna_t&'scgbr these colors are not properly estimated and
false colors tend to occur. |
‘The occurrence of false colors for each colof may be
prevented by setting the cutoff frequency fc of the optical
low-pass filter to a value lower than the Nyqﬁist frequency
forthe sampling frequency in the lengitudinal and lateral
directions for R and B,. which is the lowest sampling
frequency among those of R, G, ‘and B. However, rthis has
a disadvantage of the lack of signals for the G component,
so that the resolution of the generated output image is
ﬁ:educed and .'the imagé is bklurred.
As shown in Figures 3 and 4, for an image sensor in
which color filters are arranged in the Bayer pattern on
imaging pixels arrangedas a 45°oblique squared grid (pixel

pitch: d), the cutoff frequency fc of the optical low-pass



to avoid sacrificing the resolution, the cutoff
frequency c is set to a value around fs/2 (fs:
sanpling frequency of the inmge sensor) wth respect
to the sanpling frequency in the oblique direction
for G "because G has a high~ePfect on vision. Wile
~this cutoff frequency fc can filter out unnecessary
hi gh frequencies in the oblique direction for G it

passesf i gquenekesphivgber {bBaa PRaVaME Styquist frequency .
frequencies in the other directions, '

I fer, thel Qﬁﬂ;btlliwc_:ﬁﬁ.‘lrecﬁﬂﬁléﬁt@f %v@]‘:%@%i@fls fr?ﬁ:slia{]cti(ie, |

the longitudinal,” lateral, ~ and oblique directio

for Lhe;gthe rf?he&ﬁlgRtﬁergsolyﬂ%rcﬁlf Of & 6"1? Jaflftf&ee%uency

above- descri bed squared grid arrangénent, ere’i’s

dirsadyantaget ?%Ehé%@h@ﬁ@ fars ! %%%ngf% 0

r

are not properly estimte fal se color e dé?%guency

oCGUr, - Gonver sely, the; ogc n of .fal se colors

may bé prevente byr)seﬂgl n%é%ﬁgggu f ef?%%%@ﬁ%? Fequency

WL espec 0,4 he samplin requenc f. the R, and

B Bob i S0 BAVRTEr TOTH L2 o 58 L5 oI B Endt Jprerfect

reso) uti.on of éh ‘ tput i is reduced and the.

| BRoLlF BB ur Fha TorhE By GBI Grhiof FAGE Cols 85T ShERT out

in_the singl e-chi type wi ]l not ccuh i.f the imge

sERLSE S Tohfitglt 64 5% S Het 6F 1Thiréé. ehil g atpp@irection for
wever, this will_pose another significant problem

tFat the E6MiSTatPEHethantsm wiidrey edd'@a®d tHee Nyquist

i%crease in size and weight, which goes against 6 .

t hé SREER G0 S LB Pt BESI Gt S Fhe Offr dle~ & hi pheyliengd Frdinal

al so. _have a problemof requiring nore strict

pgglidtﬂ_aﬁpﬁ@l directions, and in the longitudinal, lateral,
and oblique directions for the other colors R and B.
Therefore, as in the above-described squared grid
arrangement, there is a disédvantage that pixel signals |
for these c_olor_s arenot properlyestimatedandfalsecolors
tend to occur. Conversely, the occurrence of false colors
may be prevented by setting the cutoff frequency fc with
respect to the sampling freqgquency of the RandB corﬁponents .
However, this poses a problem that the resclution of the
output image is reduced and the imager is blurréd.

The problemof false colors as seen in the singie—chip

type will not occur if the image sensor is configured to
be of three-chip type. However, this will pose another:

significant problem that the complicated mechanism will

lead to the increase in size and weight, which goes against



accuracy because misalignnent in conbining signals
output fromthe inmaging sensors for the respective
three colors wll likely to cause a disorder in the
i mge. The present invention has been nmade to solve
these problens and ains to-pfovi de an i magi ng device
capable of inproving the color reproduction ability
and the resolution ability to the level of a

t il
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e-¢ nmage sensor that photoel ectrical
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filter generate pixel signals; and an out put
inage %ﬁﬁﬂesﬁ%ﬁeFﬁFFﬁﬁlﬁﬁthQQMRe%%ﬁé@Q?e§Ooﬁpéwﬁ these
e SI nal s based on the pixel signals obtained

-f% TP nage Sedtdrio wpePEiLAe e iMagiracgevice capable
characterlstlcs of the optical lowpass filter are
st FWR%R%%%QW&%“%hﬁPléffvfgprdP§é1@@1oabpéssumgand the
ratio_is 0.372892484 or |ess but nore than 0, the
98P lufAPsalebl bE v pasehageratl ofinthratiog ithenz gt isensor
of frequency 7 conponents allowed to pass through in
aHEbgueRépIcenpoete segodrwdtid dwergs haantbe .
Nyqui st frequency for the |owest

An imaging device accordlng to the present invention
is 1nclu_d1ng. an imaging optical system with an optical
low-pass - filter having predetermined frequency
characteristics; color filters inaBayer arrangement that
separate an imaging light passed through the imaging
optical system into predetermined color .components; a
single-chip image sensor that photoelectrically converts
the imaging light passed through the coler filters to.
generate pixel signals; and an output image signal
generating unit that generates output image signals baséd
ocnthepixel signalsobtained fromthe image sensor, wherein
the freguency characteristics of the optical low-pass
filter are set in such away that a first false color passing

ratio is 0.372892484 or less but more than G, the first

falsecolorpassingratioindicating the ratioc of frequency



sanpl i ng frequency anong sanplfng frequencies in the
| ongitudinal, lateral, and oblique directions for

. each color conmponent in the inmage sensor, and | ower

than the Nyquist frequency for the sanpling

frequency of the inmage sensof,-and the output inage
-signals are generated from the pixel signals

generated by the inage sensor so that N pixel -

S&Qﬁ bﬁ_e(q@si §‘lfo{fgaltd’]?gggrtk?Jf:oﬁgRrinaQ%\ﬂ;ter% ener at ed

by thé inmage sensor correspond one” ou Tragemponent
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invéntion i's 1ncludi .oantrrmagl n

i : t I filt havi det er m ned
AP ol Bl g e g predeten ned

aft nt _that, separate an i ing |Light passed

CHP DGR ERG itadi Ho - ot | CRE SJSTMT btections for each
predeterm ned col qr onents; a single-chip inmge
Sensor FHQPOBﬁ&toéfbgﬁgydﬁT§9ecﬁﬁ9§PFs afRe liogg rigran the

light ,passed through the color filters to generate
p$,%Fl§?g€5?§Peaﬁa gﬁ?dﬁ?%dia¢ﬂﬁb€gsf@%§Penﬁ@n@fdﬂ%%dlmﬂge

“unit that gﬁnerates out put i mage signals based on
the"pPxel 28fghlPs oAl tned"3 $nt herf hiigerseassrerated from
erein the,frqufncy characteristics of the optica
B pRs¥el PLese Ly g9@raredub Ahgaymenst sensecorad that
false color passing ratio 0.194113388 or | ess- but

N Fe-AHan ignatife (Nset gnbie p il Rambar orf Bassiadpral igenerated
indicating the ratio of 8 frequency conponents

aPY SVt 19 jsas SN ERFoBgR rien pepTid §guene youitonpamenge signal.
region not |ower than the internedi ate frequency

An imaging device according to the present invention

is including: an imaging Q-f)tic‘al system with an optical
low-pass filter having predetermined frequency
Chaf:acteristics; color filtér_s in a Bayer arrangement that
separate an imaging light passed through the imaging
opti_cal system into predetermined color components: a
‘single-chip image sensor that photoelectrically converts
the imaging light passed through the color filters to
generate pixel signals; and an output image signal
generating unit that generates output image signals based.
onthepixel signals obtained fromthe image sensor, wherein
the'frequency characteristics of the optical low-pass
filtéer are set in such a way that a second false color

- passing ratio 0.194113388 or lass but more than 0, the

second false color passing ratio indiéating the ratio of



bet ween t he thurst frequency for the | owest sanplrng
frequency anong sanpling frequencies in the
longitudinal, lateral, and oblique directions for
each col or conponent in the inmage sensor and the
Nyqui st frequency for the -sa®ipting frequency of the
i mge sensor, and lower than the Nyquist frequency
for the sanpling frequency of the inage sensor, and

tﬁfe &HB%<#HBQ§n§h9§2%§%9£§ﬂ nﬁﬁ?é%ﬁnx; n&%nf€ﬁ§guency

p|xe si gnhal s ‘gener at Senst
f 2 e
eoEhe ﬁ”cgf@%ror‘lNr?;téé%gs%%rgﬁéﬁ%?é%ﬁsﬁgn%%ﬂl@n%e Fhequency
Eurth

q%%@n |on%%%Nﬁ3%@§?Esf%rqg%é%ﬁﬁfpén Hﬁnggﬁgrﬁﬁgpllng
Eeguenc ensor and.Fs is the_sanpli
frea%%%yorm%goﬁﬁ L g TP REHS Sy e AT Patudinal,

e s Aicordlgg to t.he resent inventi on,
RS Re can ;oD S A e e 1B ARAN Fe ot Component
resoIHthn ablllté%can be i roved to the level of a

tht et Enr P9 Tage® ﬂsoFQan%e Yygirplte s eCeRi for the
i mage sensor is used. Brief Description of the

OF AP hg899 FrEIRETeE Y 75 BRECRERT U Y antBAooHg Ta than
rel ati onship between an i mage sensor -and an out put
.%%@eNrﬁurﬁé Easgussicy onvehei sAapligaalfegagenty of the
arrangenent; Figure 2 is a schematic di agram show ng
a;m@ggts%ﬁgﬁrp and the output image signals are generated -

from the pixel signals generated,by the image sensor so
that N pixel signals (N is a real number of 2 or above)
generated by fhe image sensor eorrespond‘to oneroutput
image signal.
Furthermore, in the present invention,
N = (fs/Fs)?
whereinfSisthesamplingfrequencyofrheimagesensor
and Fs is the sampling freguency of an output image formed
by the cutput image signels. |
According teo the present invention, both the color
reproducticn ability and the resolution ability can be
improved to fhe level of a2 three-chip image sensor while

a simple single-chip image sensor is used.

Brief Description of the Drawings



between the cutoff frequency of an optical |ow pass
filter and the Nyquist frequency for each color in
the case of the conventional squared grid
arrangement; Figure 3 is a schematic di agram show ng
a relationship between an +nfge sensor and an out put
image in the case of a conventional 45 oblique
squared grid arrangenent; Figure 4 is a schematic

di agr g n h bet en the cutoff , .
frequené@ﬂ9¥h2%3%‘ ?%gﬁaﬁo%- pasg A Ter %ﬂ&ifﬁgathHShlp
freque for each color in case of

nc t :
conven%?oﬁgl %gg%bl|ﬁﬁgngéﬂageﬁng?FBpﬁiréﬁﬁ@ﬁbﬁﬁkthe case
urec .Sch t|c dlggra (ihomnn an_enbodi nent:
o? af | ﬁﬁé’ueﬁ‘ l&’é\ﬁ e ALeoF 1% 37 ELBAL
i nvent | igure 6 is a schenatlc di agr am showi ng o
col or quutlé‘? ‘at Paﬁﬁgamﬁﬁlg %é?gffaﬁ‘a?l?%‘f’ﬁngr? af lerdg@ship
sensor of the enbodi nent; gure 7 is a schematic
- d?%b?’%ﬁ%%%%&%ﬁ&éﬁ?%%@@df 2Bt Cal dquerieass filter
~grid and (b) a 45 oblique squared grid in the inage
sehS ot et Ny AR &R SHSBIRTCYEi §RF eeBCRsCal@iragramne case of
showi ng the rel ationship between false colors
obREr FPRYSPFICAS | nigeaseAs I idh R 1IN gpRE N Al
frequency; 10 Figure 9 is a di agram show ng
fr equeﬁwlr% Rakact eEhshiedd ofippsaspihecainponerpdss ionship
filter in the case where false colors are reduced
nmafArgepyanhémepts censowpdsanf phitppt image in the case.
of a conventional 45° oblique squared grid a‘rrangementé
Figure d is a schématic diagram showing a relationship
between the cutoff frequency of an cptical low-pass filter
and the Nyquist frequency for each color in the case of
the conventional 45° oblique squared grid .arréngement;
Figure 5 is a schematic diagram showing an embodiment
- of an imaging device according to the present invention;
Figure 6 is a schematic diagram showing color filters
arranged in a Bayer pattern in an image sensor of the

embodiment;

Figure7 is aschematic diagramshowingpixels arranged
as (a) a sguared grid and (b) a 45° oblique squa.red grid
in the image sensor of the embodiment;

Figure 8 is a diagram showing the relatidnship betw.eéh
false colors occurring in the image sensor and the spatial

frequency;



Figure 10 is a diagram show ng frequency
characteristics of the optical [owpass filter
implemented with crystal for describing a first

fal se color passing ratio and a second fal se color
passing ratio; Figure 11 i-s &0 di agram show ng
frequency characteristics of the optical |ow pass
filter in the case where false colors are reduced

pri mag, ibx Wthg InH?g pgoceail gf%[%ﬁf f§%quency

Iess i neensi ve fil ering by t e optlc pass
ter Fi a schenmat.i dla S
%r@&gﬁ%rgg L fer fp%PshOP bFed Safineig T hirpan oo case
| on udi nal, and_| ateral dlrectlo
§’ 9 nﬁ iﬁ?eﬁ%o% 2t fre ﬁ%ﬂ‘é??ﬂdu"ﬁéi dbi*’at%&real Q’P}glcal
irections_f R and B, (d) a sanpling interval in
ﬁ??ﬂﬁﬁ%u@lgF?Ect|on for G and (e) a sanpling
|nterval inth obllque direction for R and B in the
i mge FigHSEr i mOwhith tife c b?gF?Wter%h%Yéngarr%%%QHency
|n the Bayer pattern on the ipmagi ng pixels arranged -

£ 3 Auar AT GFPRT FRGRF 133+ 4 éﬁ%’%rﬁ%nléedﬂ%f@?%ﬁﬁ“ented
showi ng (a) an_inm i xel pitch, (b). a sanpling
Mitter valYs et heoF o @ﬁFEéEﬁé’lg rfd- 1% eral 5S¢ FeeProRrgssing
for G (c).a sanpling interval in - 11 the
IﬁﬁﬁﬂQLﬁﬁﬁaﬁ 8RE NG dredll S/li FedProRs SO R el B  (d)
a sanpling interval in the oblique direction for G
and fépuaesanpili ngifnt e?val AiAICRE obbheuéndi reEreanency
for R and B in the inmge sensor in which the color
fdHamasgtaréstics of the optical low-pass filter in the case

where false colors are reduced primarily with image
prooessiné by a CPU and with less intensive filtering by
the optical low-pass filter;

FPigure 12 is a schematicdiagram showing (a) an imaging
?ixel pitch, (b) a sampling interval in the longitudinal
and lateral directions for G, (c¢) a sampling intervai in
the longitudinal and lazteral directionsrfor R and B, (d)
a sampling intezrval in the oblique direction for G, and
{e)} a sampling interval in fhe obligue direction for R
and B in the image senscr in which the color filters are
arrangedintheBayerpatternontheimagingpixélsarraﬁged
as a sguared grid;'

Figure 13 is a schematicdiagram showing (a) an imaging
pixel pitch, (b) a sampling interval in the longitudinal

and lateral directions fox G, (c¢).a sampling intexrval in



arranged in the Bayer pattern on the imaging pixels
arranged as a 45 oblique”squared grid; Figure 14 is

a schematic di agram showi ng-the relationship between
t he i mage sensor and an output image in exanple 1;
Figure 15 is a schemati c ot agtam show ng the
relationship between the i mage sensor and the out put
inage in exanple 2; Figure 16 is a schemati c diagranr

the ti e i_ma nsor
I R et S RO T h Penan e b g S H et B, (@)
schematj ¢ di agram show n the relatl nshl bet
e SRS ehRbr T ARG the tHG ST Hage lmcgk FpFer4G. and
ﬁ%%ure 18 is . a schematic dj agram shaow ng
atd oﬁ%ﬂ?&lﬁét W TRt ﬁ%gE@eﬁé’dﬂ% c%ﬂh%e%‘a%aat for R
in exanple 5; and Figure 19 is a diagr
ﬁujqlﬁ?@wﬂ%ﬁQ?nﬁﬁﬂ%P%e%RE%ElCPhEhFr%a&@ﬁcﬁléﬁers are
t he pi xel signals generated by the jnmage sensor and
tQﬁ¥%ﬁ&?ﬁﬂﬁi¥?@éﬁ@ﬁﬁypﬁ§ﬁzrfﬁ%@t@@ﬁ“bégngPlX91Saffanged
represented in the output inmage in the exanples 1 to
55 of {he epbbdiiresguaBest dwdeé; for Carrying Qut the
I nvention An enbodi nent of an imaging device 1

accor dilggne the igresentsdhriention wi-hprba deseowilbed the
bel ow usi ng the
relatlonshlpibetween the image sensor and ancautput 1mage

in example 1;

Figure 15 is a schematic diagrém showing the
relationshipbetweentheimagesensorandtheoutputimage
in example 2; |

Figﬁre 16 is a schematic diagram showing the
relationship between the image sensor and the output image
rin example 3; |

Figure 17 1is a schematic diagram showing the
'relationshipbetweagtheimagesensorandtheoutputimage
in example 4;

Figure 18 is a schematic diagram showing the
relationshipbetweentheinmgesensdrandtheoutputimage
in example 5; and

Figurel2isadiagramshowing therelationshipbetween
the frecguency of the pixel signals generated by the image

sensor and. the maximum freguency Fs/2 that can be



draw ngs. Figure 5 is a diagram show ng nain

conponents of the imaging device 1 according to the
present invention. The .inmaging device 1 according

to the present invention includes: an inmaging

optical. system3 with an optijgal |ow pass filter 2;

color filters 4 that separate an inmaging |ight

out put fromthe imagi ng optical system3 into
predet ermi ned col or conmponents; an |inmage sensor 5.
tHRTEPROEGEN &t HRGITY L RBRvéFES S He ifﬁﬁ@iﬁmampéﬁﬁ 1 to 5
passed through the color filters 4 to generate pixe
Snahe; SmaREERGut put i mage si gnal generating unit

6 that generates -output inmage signals based on the

pi xel signals obtained fromthe imge sensor 5. Each
conponent in this enbodinent will be described in

not et ddedrl foThEasptyicad Pow pass Friverrioni s

responsi bl e for suppressing high spatial frequency
conpodenesbefiiremnt pdgengiteghthg Theiopt L catcd odipastso the
filter 2 has predeterm ned frequency characteristics
ance s ¢t pliacethahend woif 11 hbd ndgecsahsar Hebbwt hesing the
optical path 13 of the imaging light. Means with any
siraigtuges capable of cutting off certain high
frequencies of the imaging light, such as a crystal

filterigrumee di fifsr actii egrgmatineg:ingrahien useh@sedhe of the
optical low pass filter 2. Besides such structures

capapi egodeclittingafdrdigh {6 equencicesaf ith@ntion. The
i mging ight, means capable of defocusing the

L@y g device 1 according ‘;o the present invention
includes: an imaging optical system 3 with‘an'optical
loww-ﬁass filter 2; color filters 4 that separaté an imégi.ng
light output from the imaging optical ‘system 3 into
predetermined color componénts; an image sensor 5 that
photoelectricélly converts the imaging light passed
through the color filters 4 to generate pixel signals;
and an output image signal génerating unit 6 that generates
output image signals based on the pixel signals obtained
ftrom the image sensor 5.

E'ach component in this embodiment will be described
in moregf‘de_tail.l The optical low-pass filter 2 is
responsikle for supprerssing high spatial freguency
components of the imaging light. The optical low-pass

filter 2 has predetermined frequency characteristics and

is placed ahead of the image sensor 5 on the optical path



light directed to the image sensor 5 may be used. In
this enbodi nent, to reduce fal se colors produced by
the sanpling in the i mage sensor 5, a frequency
characteristic of the optical |lowpass filter 2 is
set to a specified value as |1 be described |ater
so that frequency conponents causing the fal se
colors are suppressed. The imaging optical system 3
i s_responsible for guiding the imaging light to the
i FhgeS e8P 189 [hobki-s ¥RBEE Mamth anvhetirmagiomps capable
optical system 3 includes devices such as a shooting
| eAsCHEG 1AV (HTF apebtedn- b ifreyuensiael bfashet Hmaging
i oEticaI | ow-pass filter 2. The infrared cut-off

fLigBE, $8chsed 4 srryaital Mg btértde a4 dfifdred eintreginag: ing,
the photodi odes and is placed ahead of the opti cal -
| B pas g sefd &6 rh @ ot itdeel fommpafsafgllass bl ocke s Thes such
color filters 4 are arranged regularly in a

pe edetémeredapaitler o fonuthé nghotfdr etehtf veqsunéace of the
of pixels constituting the i mage sensors and are

r esponsicblle giftor Mednher bagattie: iomgiagotighhgt @heekeaging
it into 14 predeterm ned col or conponents. As o
ttigbkodifriddters of thef imatge sesoncr anflathibkdused.
colors inplenenting the color filters 4, this

enbodi Trenth us esnips d faeyitgot or rbidhices $a0fse Bo1GraaRdoduced
B. The inmage sensor 5 is responsible for
PEQLM@CE&h@&ﬂWg canvethengiddiger et igd BIAGL NG requency

i ght '
- characteristic of the optical low-pass filter 2 is set

to a specified value as will be described later so that
frequeﬁcy components causing the false colors are
suppreassed.

Theimagingopticalsystem3isresponsibleforguiding
theimaginglighttotheimagesensorS;lInthisembodiment,
the imaging optical system 3 includes devices such as a
shooting lens and-an infrared cut-off filter, as well as
theoptigallow-passfilter2. The infraredcut—off filter
is used for cutting off the infrared entering the
‘photodiodes and is placed ahead of the optical low-pass
fiiter 2 in the form of a glass bloék.

Thercolor filters 4 are arrahged regularly in a
predetermined pattern on the photoreceptive surféoe of
pixels constituting the image sensor 5 and are responsible

for filtering the imaging light to make it into



into electric image informati on and accunul ating it

as charge content, which is output to the output

i mage signal - generating unit 6 as electric signals.

The i mage sensor -5 has pixels (photodi odes) arranged

in a predetermined pattern, and the color filters 4

are arranged regularly in a predeterm ned pattern on

t he photoreceptive surface of the respective pixels.
Ceneral ly known pixel arrangenent patterns include a .
sHUECET GrHd & ranyRReRPMPaE Sdtidin AP RiZguiel o ajilters of
and_a 45 oblique squared grid arrangenent as shown

iR ELgSte ?°CPPObFEINERIBY cotl@ihdgrrirnequaredthe color
grid arrangenent by 45. The output inmage signa
géhditdtisng -uhit s6 e oddasyengian ® rfoimaenesal pngfilters of
out put inmage signals by subjecting the pixel signals
oBtaiGned ¥ din t he pi xels of the inmage sensor 5 to

A/ D conversion and various kinds of inmage

procesEhfig. Thmecsut putehsmage sifgnaligeneratipogs ilid for
6 is configured with an A/D converter 7 and a CPU 8

( Chettoa  cRriocessl hy tnhvirancigeltéct mecsd il wed dmregied 1ight
with the i mage sensor 5. The A/D converter 7 converts.
thetLSEMHo@ﬂisigmabs,iwﬁaﬂm&ﬂﬁoﬂnahdga&b@ﬁﬂﬂ&king it as
signals, into digital data. The CPU 8 generates the
ogtputod mage esitgnahd chbys subf pating tiheoAtPueonvegtesi gnal
pi Xxel signals to various kinds of inmage processing, :
syelheastaptd aalibl@cs preeessiagignhite bphantage sensor
processi ng, color correction processing, color

| Bt @20l oNs PrPEE8SHAGI0I Ser8AYEHI OR 2 predetermined

pattern, and the color filters 4 are arranged regularly
in a predetermined pattern on the photoreceptive surface
of the respective pikels. Generally knpwn' pixel
arrangement patterns include,a squafed grid érrangement
as shown in Figure 7(a), and a 45° obligue sguared grid
arrangement as shown in Figure 7 (b) obtained by rétatiné
the squared grid arrangement by 45°.

The output image signal generating unit 6 1is
responsible for generating outpuf image signals by
subjecting the pixel signals obtéined,from the pixels of
the image sensor 5 to A/D conversion and various kinds
of imagé processing. The output image signal generating
unit 6 is configured with an A/D converter 7 and a CPU
8 (Central-Processing Unit) and electrically connected

with the image sensor 5. The A/D converter 7 converts the



processing, edge enhancenment processing, gamm

correction processing; and resolution conversion
processing. Here, the conversion ratio in the

resol uti on conversion processing is set in such a

way that N pixel. signals (N qizs_a real nunber of 2 or
above) subjected to the A/D conversion correspond to.

one out put inmage signal. Although the output image

signal generating unit 6 is configured with the CPU
FirethPd oeddsdi mEntchtars realne wles¢wriat péanafer, into
exanpl e, the output image signal generating unit 6
nayJbeado i gur sehaiCEy gg@SFez(ﬂ@smle ogtgnal image signals
Processor) or a hardwired logic, or the A/D converted:
pPxeduli gralsanhipebd /Pakenviemte d R Perisprrls to various
Conputer) to cause various prograns to performthe
abovdsmehtineged roomgeipgocesshrg ohowsadests ¢ ppiroressing,

- will be given of the relationship between the

fvegbenby leharaaqeriss s tsgef ddleoptéocatcthow passessing,
filter 2 and the conversion ratio in the resolution
conVersi ohnprapedsitmigpof thdeoCPYs8nghAs desdrdded reduction
above, to reduce as nuch false colors produced by

‘thecosaspling eddb eriibident mger S€8S6LnY, aFaRes i@ ction
this enbodi nent cuts off frequency conponents | ower

thascthe iNyJukst feequarcyn tonwdies SPlHidtGssing. Here,
frequency fs of the inmage sensor 5 (hereafter

reherrednkeras drhe dwmae SeRsorhblyqubsblukiedlerthversion
fs/2) , which have been allowed to pass through in
copyerkisangdl iidging Hevi&eSa way that N pixel signals (N
is a real number of 2 or above).subjected to the A/D
conversion correspond to one output image signal.
Although the output image signal generating unit 6
is-configufed with the CPU 8 in this embodimeant, fhis is
not a limitafion. For example, the output image signal
generating unit 6 may be cOnfigﬁred with a DSP (Digital
SignalProcessor)orahardﬁiredlogic,ortheA/Dconverted
pixel signals may be taken into a PC (Personal Computer)
to cause various programs to perform the above-mentioned
image processing.
| Now, descriptioﬁ will be given of the relationship
between the fiequency characteristics of the optical
low;passfilterzandtheconversionratiointheresolution

conversion processing of the CPU 8. As described above,

to reduce as much false colors produced by the sampling



Specifically, as shown in Figure 8, frequency

- conponents not |ower than the Nyqui st frequency for

the 1owest sanpling frequency anong the sanpling
frequencies in the longitudinal, lateral, and
oblique directions for eachgplor conponent in the

i mage sensor 5 (hereafter referred to as the | owest

Nyqui st frequency fa) can cause false colors.

Therefore, the frequency conponents not |ower than

t he FBReshampqFicftisIr equthdrsalate, sappressddipyent cuts
the frequency characteristics of the optical |ow pass

f PEfefreaandcyhecipage nrsot evsimpgheh the IoRW Bst frequency
However, suppressing frequency conponents | ower than

t he rNyighe ssafpdduency rieguetrhey séepldhgtheequency fsensor 5
of the image sensor 5 reduces the resolution of the
pilkelreaditgrmal sedenerad ed by atshetheragemsgrsosebsoTo Nyquist
prevent this reduction in the resolution, this
effredivrenty Set/2 )t hevh Coinviersé dpesnata bl dRettheo pass through
resol ution conversion processing of the CPU 8 in

stieh canweyhtt hata N pinselingi ghatrscéN,is a real nunber

of 2 or above) generated by the i mage sensor 5

corresppsdiffacene ut pid igregen signalridhys, ¢he frequency
nunber - 17 of sanplings in the inmge sensor 5

CRmest § nepnel phxel thah the oylpulst ee heseyesor the
two or above, and the resolution of the output iimage

| 9 dG e aseh 1um qﬁi@d@ﬁéyn&&ﬂbﬁge@ws%?w% £80gbEncies
represented by the output 1nmage Signals (the "Nyqui st _

frieauercyoheli2 fPrnd he sPLENg £rQoUEDEY BS99t e cth®ns For
out put imge). ]
each color component in the image sensor 5 (hereafter
‘referred to as the lowest Nyquist freguency fz} can cause
false colors. Therefore, the freguency components not
_ lower than the lowest Nygquist freguency fa are suppressged
by the freqgquency characteristics of the optiéal low-pass
filter 2 én’d the image processing of the CPU 8.
However, suppressing freguency components lower than
the Nyquist frequency for the sampling frequency fs of
the image_ sensor 5 reduces the resolution of the pixel
signals generated by the image sensor 5. To prevent this
reduction in the fesolution, ﬁhis embodiment sets the
conversion ratio in the resolution conversion proces-sing
of the CPU 8 in such a way that N pixel signals (N is a
real number of 2 or above) generated by the image sensor

5 correspond to one output image signal. Thus, the number



.w> Now, the frequency characteristics of the

optical lowpass filter 2 will be described. As

descri bed above, the inaging device 1 in this

enbodi nent is characterized by cutting off frequency
conmponents not |ower than th I owest Nyqui st

frequency fa that cause false colors. It is

therefore ideal to entirely cut off the frequency.
conmponents not |ower than the | owest Nyqui st '

f odgaenpy infi@. ikoWewemage Hen$er di Lhirawdapand hdt hee pixel
actual optical l|owpass filter 2. In this

emtfodh aentt,piithénfsequenoye schear act @p o sk, cndthehessclution
optical lowpass filter 2 are set fromthe viewpoint.

ofe il hkercattmn @t malyechstihe: f¢ @gaéngyt ocdnpoaeintind DPetuency
than the image sensor Nyquist frequency fs/2, which :
hayreathesn ald owet-d o=pasa vhrobghottpueobmenti enghals (the
i magi ng devices, are cut off. Two cases are assuned
hargguifie £asguvhere rshe faaquantys 4RPPORNENESeRAkncy Fs of
| ower than the | owest Nyquist frequency fa is

Supps essegdut Mimdlge by the optl cal lowpass filter 2

and the case where suppression by the inmage

processifg ofhdhe EBYSBdyp shhlbhzed rias iMiChoASthe optlcal
possi bl e and frequency conponents that cannot - 18

belé#PBB§§S§919¥rt@%I‘?% BLACESSI Y. arnes SRLESSEd ahove,
by the optical |lowpass filter 2. An appropriate

VaJcH@ {195glhBedE(rﬁg:*éef‘LCXnC{‘ﬂﬁ§C&ﬁ5b&&'m%%ﬂ viss%fhar% terized

eac case. Frrst n the case where false colors are
i egyce,dmaL %ﬂ yoff’yfwsu%%&ca!m&p%&@% Fkt o2 then the

lowest Nyqulst frequency fa that cause faise colors. It
‘is therefore‘ideal to entirely cut off the freguency.
components not lower than the lowest Nygquist frequency
fa. However, this is difficult with the\actual optibal
low-pass filter 2. In this embodiment, the frequenéy
characterisfics of the optical low~pass filter 2 are set
from the viewpoint of the ratic at which the freqguency
components lower than the image sensor Nygquist fregquency
fé/2, which have been allowed té pass through in

conventional imaging devices, are cut off. Two cases are

assumed here: the case where the freguency components not
lower than the lowest Nyguist fregquency fa is suppressed
mainly by the optical low-pass filter 2; and the case where

suppression by the image processing of theCPU8isutilized

as much as possible and frequency components that cannot



filter 2 has the frequency characteristics as shown

in Figure 9. Specifically, frequency conponents not

| ower than the |owest Nyquist frequency fa and | ower

than the inmage sensor Nyquist frequency fs/2
correspond.to a first falseqgolor occurrence region.
. Then, a first false color passing ratio is defined

as the ratio of frequency conponents allowed to pass
through in the first false color occurrence region.

The frppuesceddrpdientisiad$ opedCces s ipas s rchsougirdgsed by
the first false color occurrence region shown in '
Ftgarep9®icerdr éspormd 40 fa fiast? f al’ye aggdore passe mplue for
region. The first false color passing ratio is
caheulfateetheryy t hearatiterdfs tthes ai easet tfhe faast case.
~false color passing region to the area of the first

fal se Ebtst, dacuheence whegedal Jdcs lemzodtt ereptiseksi mainly
the first false color passing ratio to 0. 4 or
belownheThist ¢4 5t 1 bal-pe seolfrl passPngthat io@t Wasl low-pass
cal cul ated by assum ng the crystal
birrekimgences wheh friesru@enef athyrotickirded itds as shown in
-inplement the optical lowpass filter 2. That is, if

arhioufass, fidgari #Ncabi¢h @rlig@incy %&ﬂﬁ@ﬁ@ntﬁr@@ﬂhlower
the crystal and separated into two lights 19 is

provirded,e iherest heydhstange hetweep thestyol dHBgI ’aﬂan the
Ilghts obtai ned by the separation is the pixel pitch

et @%ds‘%@ﬁ:ﬁfﬁs&o{ fANRABe OpL) Qﬁ!rﬂ%@ﬁ&%o a first
_fllter has a frequency characteristic that the

gbflals%)'c%tlog LRAHENGYn &S W 28 . asTisbown, i FHO¥Ee se color

passing ratio is defined as.the ratio of frequency
componenté allowed topass through iﬁ the first false color
occurrence region. . The frequency components allowed to
‘pass through in the first false color occﬁrrence region
shownjjiFigure 9correspondtx>afirstfalsecolorpassing
region; Thefirstfalsecolorpassiﬁgratioiscmlculated

by the ratioc of the area of the first false color passing

- region tTo The area of the first false color occurrence
regicn.

This embodiment sets the first false color passing
ratioto 0.4 or below. ’fhis fifst falsecolor ?assing ratio
wascalculatedbyassuming thecrystalbirefringence, which
is generally utilized to implement the optical low-pass
filter 2. That is, if a low-pass filter in which a light

is passed through the crystal and separated into two lights



However, in conventional single-chip digital caneras,
since setting the null point frequency to 1/(2d)

makes the resolution too |ow, the value of the nul

poi nt frequency is set higher for reducing the

effect of the |lowpass filterig On the other hand, in

this enbodi nent according to the ‘present invention,

the resolution of the output inage signals can be
relatively _increased b% t he out put i mage signal . ,
gere AT R AT t B ETehlPf dERE FEHIRRFEPET st RBWFWat imaging
the‘sanpling stage_in the inmage sensor 5. Therefore,
contFaty poterecCoMerdtivnatPIrAghérchi igithke!l pitch d
.caneras, false colors can be suppressed w thout N

r sdfuci g 1heger 8§BERTI ot e HotRy PR heceE f bev—BesSEhéilter 2
| ow-pass filter is increased. Thus, the position

caust ng t Heeoprangdll  Cohwpasse Fibtér Yhao séparatwell point
the light by the pixel pitch d is the border between

t heregnesnti dsall /4 )i ngs debipees iand tdiers ndgi ng

device of this enbodinent In both cases where the

i mge Hersorr has adevent denfill terglarchngeti gitdheameras,
Bayer pattern on the inmaging pixels arranged as a

sqeaned geitd iand ditereull hpoimage rsensamchasot i€ (2d) makes
color filters arranged in the 20 Bayer pattern on

t hehemeg aigatpl xelks carsangaed aslac4y obe hqud pshuarfatkquency
grid, fs/2 =1/ (2d) , and fa = 1/ (4d) . Therefore,

cai eyt hbghthe dnt retiutahsericaledfpassfrGp o BéwoOpass filter.
results in: the first false color passing ratio =

0. 842892484 hd: 4hand, in this embodiment according to the

presenﬁ invention, the resoclution of the 6utput image
siénals can be relatively .increased by the output image
signal generating unit 6 even if thé resolution is low
at the sampling stage in the image sensor 5. Therefore,
contrary to the conventional single-chip digital cameras,
false colors can be‘suppresséd withoﬁt reducing the
reso}ution although the effect of the low-pass filter is
increased. |
Thus,thepositioncausiﬁgtheopticallow—passfilter
2 to separate the light by the pixel pitckh d is the border
between the conventional imaging devices and the imaging
device of this embodiment. In both cases whére the image
sensor has the color filters arranged in the Bayer pattern
cn the imaging pixels arranged as a squrared grid and where

the image senscor has the color filters arranged in the



Thus, the first false color passing ratio in this

enbodi ment is set to a value of 0.4 or below. In this
case, while the optical |owpass filter 2 is set

nmore intensively, the burden on the CPU 8 performng

the image processing is advantageously reduced.

Since false colors are caused not only by the

al i asi ng of high freguency conponents due to the
sanpling in the image sensor 5, a certain degree of

i I processi g tihe hezessaryiial apy rsintged herms4 5t ablique
the case where fal se colors are reduced by naking
s gy ol thee'3 madé (Pocessichgaot Y héldPyU gThetrhfore,
less intensive filtering by the optical |ow pass
fddterlatinaethepficat Fewsmewfortmrs@ihgsrahéo results
frequency characteristics as shown in Figure 11.
Specitthedidyst ffebysencyloconpeseritrsy medtid owdr. 3 haM92484 =
the internedi ate frequency (fa+fs/2) /2 between the
[Clowlest Nyqui st frequency fa and the image sensor

Nyqui st frequency fs/2, and | ower than the inage
sensofhudyquitss fieguerdey sfs/ 20l o0r pespdnty te@ic in this
second fal se color occurrence region. Then, a second
faalised tiob ot ipassitnge o akiad s£def4 redva@sothe ratimi ®tase,
frequency conponents allowed to pass through in the
sacongl theaspieNey 1 Q@panesnd £21 t HEQUrd e8€@ddi Alensively,
" This is based on the fact that frequency conponents
closerui@=hhenl emestrilyqupsizfdefuencyrtaindkge BRS@ssing
to suppress by the inmage processing while frequency
COTBORAMN S £d OSET vl dhecbMOe 1 $eRSPE 1 YO Sbrs are caused
frequency s/2 are harder to suppress by the imge

F}Y@@%ﬁlsﬂyn%y fhe aliasing of high frequency components due
toe the sampling in the image sensor 5, a certain degree
of imége processing is necessary in aﬁy situations.

In the case where false colers are reducéd- by making
active use of the image processing of the CPU 8 with less
in’i;,.ensivre filtering by the obtical low-pass filter 2, the
optical low-passfilterZhasthe frequencycharacteristics
as sho{m inFigurell. Spec:-ificallly, frequency components
not lewer than the intermediate frequehcy (fa+fs/2)/2
~ betweén the lowest Nyquist frequency fa and the image sensor
Nyquist frequency fs/2, and lower than ﬁhe image. Sensor
Nyquist frequency £s/2, correspond to a second false color
occurrence region. Then, a second false color passing
rétio is defined as the ratio of ,frequenéy components

allowed to pass through in the second freguency component



frequency conponents allowed to pass through in the
second false color occurrence region shown in Figure

11 correspond to a second false color passing -

region. The second false color passing ratio is

calcul ated by the ratio ofut5§ area of the second

.fal se color passing region to the area of the second

fal se color occurrence region. This enbodi ment sets -

the second false color passing ratio to 0.2 or

bet GWE Y ThiCS vl uenwasT des ésnb aeddfcor thad a atedsan frequency
simlar to the above-described first fal se color
pesBPagenatsi ol cant ¢tal cheal edreas: NMyhpiisecdimk fadisey £fa are
color passing ratio = 0.194113388 - 0.2. Therefore,
whi b et e siupages 8 byesse ngnafe tdre @PLE 8nshad ke Beequency
strictly perfornmed, the optical |ow pass filter 2
carmpduantagedusier be sete iesgei aéoBSIVRLYuiNeWS ridigiency
| owest Nyqui st frequency fa will be descri bed.

F gi2 e AR Ishowesr tthe dumage: sensprcte am=anged@:Rsing. The
squared grid. In this case, if the pixel pitch d o
theetrage yseaspbned tissa Us6d c@St 8 Hw:s it i @ nl2hé @econd
, the sanpling interval in the lateral direction for

G iabsd dFAigpbechz(ddde rkhe ozﬁgﬁ'@l«rhrl&h F'ﬂg%rr\éail 'c%zlxléespond
|ateral direction for R (and B) 22 is 2d (Figure 1

(€ a slehersamlidg dditer vals 4 qu I
f or aGsls (~2) xld (Fi gure\é%ZSé(d) %andﬁthgT%%n%%&&%alse

| pbeo¥abad 81 hher 9Pl bque ccﬂlrﬁiéﬁ’@df@y Rd %@ﬂl@ otSthe area
("12)x (Figure 12 (e)) hese sanpl

ipte I I t I
Sgﬁpﬂ{ﬁg§?ﬁ%gﬁvgaqg%eﬁom&lehﬁ &k \éﬁoﬂ Sto hc%e area of

the second false color occurrence region.

_This embodinment sets the second false color passing
ratio to 0.2 or below. This value was determined for the
reason similar to the above—describea first false color
passing ratio, and calculated as: the second false color

~passing ratio = 0.194113388 = 0.2. Therefore, while the
imadeproceésingofIﬂuaCPU 8shbuldkxastrictlyperformed,
the optical low-pass filter 2 éan‘advantageously be set
less intensively.

Now,thelbwestNyquistfrequencyfawillbedescribed.
Figure 12 shows the image sensor 5 arranged as a sguared
grid. Inthiscase,iftﬁepixelpitchcﬂoftheimégesensor
5 is used as shown in Figure 12 (a), the sampling interval
in the lateral direction for G is d (Figure 12 (b)), the

sampling interval in the lateral direction for R (and B)



the longitudinal and lateral directions for R and B
Therefore, the | owest Nyquistfrequencyfaisl/(4d),

i.e., the Nyquist frequency in the |ongitudinal and

| ateral directions for Rand B. Figure 13 shows the.

i mge sensor 5 arranged as _a #Ab _ oblique squared

grid. In this case, if the pixel pitch in the 45

oblique direction of the imge sensor 5 is used as

the pixel pitch d as shown in Figure 13 (a) , the

safpld dgiduntedval ci h, tiiee batylad ngiimgetiont fiortiGichlique
(J2)xd (Figure 13 (b)), the sanpling interval in the

| diterait idirr otri®ris fi 92 Rx@anmi Bhries: £ ~2)) xdabbi gueakdbling
(c) ), the sanpling interval in the oblique
dineetrivarl fior tBei sbdighicgdie ek {6 Hor rANEnA B is (V2)xd
sanpling interval in the oblique direction for R (and

B) Fiigu2a (I guee )13 @eyor)s . tArerg ddeseisanphitegvals, the
intervals, the |ongest sanpling interval is the

sanpbieng satervalg i2ttdxvdhei obthqueab I esti D-éoraR 2d in
and B. Therefore, the |owest Nyquist frequency fa.is
1tpéd)lorigetudihelNegid statbrequeacyeifibthe oldi queand B.
direction for Rand B. This is the sane as in the

| TRge eFRIR0S t BeAldige st yas ids SquIREnGf Fd-1 28/ (TAYS i . e,
in this enbodi nent, when the inmage sensor 5 arranged
agha IHHALesk 9Fikd gRkend A5 Pbkhaue Soperedighhdand 1ateral
(pixel pitch: d) i's used to generate the out put

| pRgect it opt#cal sfkl ger 2 is sel ected such that

the first false color occurrence region corresponds

to Va'#féuﬁguﬁh 5Rows the image sensor 5 arranged as a 45°
obligue squared grid. In this case, if the pixel pitch
in the 45° oblique direction of the image sensor 5 is used
as the pixel pitch d as shown in Figure 13 (a), the'sampling
interval in the lateral direction for G is (JZ)xd (Figure
131(b)), the sampling interval in the lateral direction
forR (andB) is (V2)xd (Figure 13 (c)), thé samplinginterval
in the oblique direction for G is d {Figure 13 {(d)), and
the sampling interval in the obligue direction for R (and
B) is 2d (Figure 13 (e}). Amongthesesamplingintervals,
the longest sampiiﬁg interval is the sampling interval
2d ir the obligue directiocn for R and B. Therefore, the
lowest Nyquist freguency fa is 1/(4d), i.e., the Nyquist
freQuency in the oblique direction for R and B. This is

the same as in the image sensor 5 arranged as a squared

grig.



or above 1/ (4d) and below | / (2d) and the condition
of the above-described first- or second col or passing
ratio is satisfied. Now, an inaging nmethod with the
i maging device 1 in this enbodinent will be

descri bed. Wen an object Fs2Baken with the inmaging
device 1 in this enbodinent, the imaging |ight from
the object is first allowed to enter the optica

Iom#p s filter thro t he ng tical system

3. For fifre i Pagh ﬁ Eﬁi%%{%?nthaé’%een &P Thaod” FeRTor 5
optical | ow pass fllter 2, spatial _frequencies in a
fﬁ*%‘ﬁ%@ﬁ@? PEQFORIHBEFE BRed Gledt “NyqBPst Aufr EqueTGR 9rid
fa of the image sensor 5 gre mainly cut off
a&%%?ﬁFnBnghthéipﬁ%ﬂé?%? néd 95 reythe OutPUt image,

characterlstlcs The .i magi ng ht passed thorou
CHEE GIt Lt L1 TR 1M FPOPEE 4 Sehnt aRbdt PRI R Talse

G and B color conponents by the col or fllters 4 and

i paged. B CHFE SPHB of *EepRi ¢ FOTIRFRARES of Ot hdlPREgEual to
sensor- 5. Here, since false colors are considerab

r eovieeV ®yl £ h%dbp@n%é?el%w%éégdf)l apdrthe cumphidantof the
conventional single-chip inmaging devices, 24 the
caboverdpsodudtsdribbsti Py fSRCIB@ @@lgatpaﬁﬁg@g gatio is
significantly inproved. The inmage sensor 5

asgtisifaeels, as electric charges, the inmaging |ight

that has entered, the photodiodes constituting the

pi xel sNoxandalsuqapMesgt he taloet twiitth dies dgioss g sy pﬁi@@ice 1 in
signals to the output inage signal generating-

this embodiment will be described.

‘When an object is taken with the imaging device 1 in
this embodiment, the imaging ]__ight fromthe object is first
allowed to enter the optical low-pass filter 2 through
the imaging optical system 3. For the imaging iight that
has entered.-the optical _low—pass- filter 2, spatial
frequencies in a freguency region above the lowest Nyquist

- frequency fa of the image'sensor 5 are mainly cut off
according to the predetermined freguency characteristics.
The imaging light passed thorough the optical low-pass
filter 2 is separated into R, G, and B color components
by the color filters 4 and imaged on the photoreceptive
surface of the image sensor 5. Here, since false colors

are considerably removed by the optical low-pass filter

2 compared to conventional single-chip imaging devices,



unit 6. Since the imaging Iight has been separated
into three primary colors of RR G and B by the
color filters 4, the pixel signal for each pixel is
read out as lumi nance information on one of the
colors. The read-out pixel- &fgnals are converted
into digital data by the A/D converter 7 and passed
to the CPU 8. Based on the received pixel signals,

t‘JHee CE{T!L{? g?@ @'&:1%%: g%bigﬁggu%bgn%!h% out%t image is

const 1 |ng e plx tput image

3%@@& f{ggngygbg (goég&els in the i mage sensor 5

ene each pi xel of the output i mage
is se Iar er _co ared =t 0 vention
St ngl EnFB- |F°ra§ aoafev ce%uﬁ{%%%%%rés% UL aRCaR S fRaTaes:
R L
edasout utS| nals _of a digital camerg or
Rt b o R R i o S B P L e brens Fa g e chazges
device 1 in thi enbo i ment . w, specifjc efa npl es
astm+§E%nsaaPﬁ§rrﬁ WI‘F %eou?iB 8Ly itgede 15t gl gsnerating

follow ng exanples 1 to the conversion ratio in

tth%l? ol WHF c%%elr%%hnaré&@% haso?e?ﬁesep@rz@ed into
e. , the nunber N of pixel nal s used

g%%@atpﬁ@maéﬁ satpdts iofade §;|fgﬁ‘§id goPYoFEEpF?éIOI &%slters

determ ned for. different pixel arrangenents of the

i ragespagel signal GpFferentrirmt 68 keed ks dfaminance

the pixel pitch D(=1/Fs) of the output imge to

t hefprretipint ¢ doge Pff Hhaf cohersi-madésensed-sutl pixel

the follow ng exanples 1 to 5, as

~signalsareconverted into dlgltal data by the A/D converter

7 and passed to the CPU 8. Based on the _received pixel
ksignals, the CPU 8 generates output image signals
constituting the'pix'els of the cutput image.: Here, since
-the number of pixels in“the image senscrSusedforgenerating.
sach pi}éel of the output image is set larger comp;ared to
the conveﬁtional single-chip imaging devices, the
resolution of the output image is significantly improved.

The 0qtput image signals obtained in the abox%e manner
are suppliedas output signals ofadigital cameraordigital
video camera provided with the imaging device 1 in this
embodiment.

Now, specific examples of this embodiment will be
described. Inthe followingexampleslto5, the conversion

ratio in the resclution conversion processing of the CPU



descri bed above, the optical |ow pass filter 2 wth

the frequency characteristics satisfying the

condition of the first or second fal se col or passing
rati o was used. The <color filters 4 used were

arranged in the Bayer patterit - <Exanple 1> In the
exanple 1, as shown in Figure 14, the imge sensor 5

was used in which pixels wer e arranged as a squared
rid and the ratio tch D of the .

3ot ek i S TR Biekisn Shoutdr R %ﬁﬁegeneramg

sensor 1.5 As cC

%DgBPEPM lgrara:?e Sztgé‘sajp]ﬁéb’i g%‘? d?ﬂif%fwe"r%s %?Jér&lFSP‘ for

an output i mpge_signal for one Erxel Nis 2. 25.

QB?afr?pqeé’l 2>P}ﬁe%hé‘fé>@é“ﬁ;ﬂﬁée%tsa§ shBfn 11 55 g‘%ﬁ‘és‘i% 5 and
the i mage sensor was used in which pixels wer :
lrfaﬁrgreﬁrltasraat%%aife@ JrPd &rid tive PR 1o PR Tt ché 1/¥s)
pi xel pitch D of the output inage to'the plxel pi tch ‘
dfofthehevitipie 96339t 5 Wa@, @1};@% eipgh As! caﬁ/% of the

seen from Figure 15, since 4 pixel 26 signals were
Sa@msled> o 0an Jout ﬁm thagé odilgiuing opxamplegi ¥el to NP, as
is 4. <Exanple 3> In the exanple 3, as shown in
Fepaeias] alhevemgbe serderz’s Mews-waed Fhl@lirch with the
pi xel.s were arranged as a squared grid and the ratio

K mfqudrec pictel rpttehi Bt ok st hetoatpyimng thegeotdithen of the
pi xel pitch d of the inmage sensor 5 was 4

first or second false color passing ratio was used. The

rcdlér fiiters 4 used were a;ranged,in the Bayer pattern.
<Example 1>
In the example 1, as shown in Figufe 14, the image
sensor 5was used in which pixels were afranged as a squared
grid and_the ratio k of the pixel pitch D of the output
image to the pixel‘pitch d of the image sensor 5 was i.S
: U)=1.5d). Ascxy1beseenffom£igurel4,since2.25pixel'
signals were sam?led for an output image‘signal for one
pixél, N is 2.25.
<Example 2>
In the eﬁample 2, as shown in Figure 15, the image
sensor 5 was used in whichpixels were arranged as a squared
grid and the ratio k of the pixel pitch D of the output
image to the pixel pitch d of the image sensor 5 was 2

(D = 2d). As can be seen from Figure 15, since 4 pixel



(D = 4d) As can be seen from Figure 16, since 16

pi xel signals were sanpled for an output image
.si.gnal for one pixel, Nis 16. <Exanple 4> In the
-exanple 4, as shown in Figure 17, the inage sensor 5
was used in which pixels wera atrranged as a 45
obl i que squared grid and the ratio k of the pixe
pitch D of the output image to the pixel pitch d of

EE na?@%%l e%%ﬁp?% Y5, 82, out%ﬁ@ fHa %éﬁ%?bfor ong

I gure since 2 pi

l.ed r.a output i mge signal for one pi xel, N
??Q%l E&g%plg 5> In the exanple 5, as shown in
FIQUTSE E mage sensor 5 was used in which
plxels WE gr? nged as a 45 oblique squared grid

dt t k_of t I tch_ D,of th t put
“agel F o BheSraSl el bR B pnggSiidhr Bhatnaas

2'12 & (2'12) q% A%% %@Fg? seen from Figure - 27
18758, néé“ass BP%’H Mdriat s P %Hﬁﬁlee%ir%?gﬁ PueprEuared
%s nal for. one glxel Nis 8 It can be seen

ﬂf?& Fﬁéi gﬁ‘cﬁ/éae&ﬂa?rplfe f1ths Blﬁ%{{ Pitgh dypettive @ptput
t he - manner of arrangenent of the image sensor 5, the
AEREE B0 othDiReresi gRalcd ghnefatk Byake sqrmge 5 was ¢
sensor 5 correspond to one output image signal is
d¥predsed ads Re2 kg seepy =N fBigwyR 1Eormimae (1. pixel
signals were sampled for an output image signal for one
pixel, N is 16.-

<Example 4>

" In the example 4, as shownlin'Figure 17, the image
sensor 5 was used in which pixels were arranged as a 45°
oblique squared grid and the ratio k of the pixel pitch
D of the output image to the pixel pitch d of the image
sensor 5 was V2 (D = (JZ)xd). As can be seen from Figure
17, since 2 pixel signals,were sampled foraﬂloutput image
signal for one pixel, N is 2.

<Example 5>

In the example 5, as shown in Figuie 18, the image
sensor 5 was used in which pixels were arranged as a 45°
oblique squared grid and the ratic k of the pixel pitch

D of the cutput image to the pixel pitch d of the image

sensor 5 was 242 (D= (2%2)xd). As can be seen from Figure



The sanpling frequency Fs of the output inage is
expressed as: Fs = 1/D = 1/(kd) = fs/k Formula (2).
Therefore, in the exanples 1 to 5, the relationship
bet ween the frequency of the pixel signals generated
by the image sensor 5 -and-tRB€é maxi mum frequency Fs/2
that can be represented in the output image is as
shown in Figure  19. Further, since the frequency F

Cﬂst@ﬁxﬂﬂi@U§1k8§9§1?h§18rﬁ89eté%ﬂgi ?O 3he fre qbﬁmage

f of the pixel signals genéerate nag@t%

Sidha T Eky gggsa%{%# i$ 1%6% to a value above 1.0,

the  frequency nage sensor 5 required to

repre %n% %P %F%%@ é%e gggg: éaggh g%.%%g&g%hat,

| ow. hIS e res |UtTo

onod Rk fl"%ﬁ'r?pa'rtérﬂger?%ed%%ﬁ%%{ An b 8 ghe inage

| arger_.n r er the _inmpmge sensor 5 are

se Igﬁber %:T;?Ce %t‘b%tp?-ﬁﬁée“ hg-Sg9eaprdstiath by the
opt|cal Iom#g s filter nificantly renoves

At se corore ﬁp%ﬂ@ﬁ?§Pofﬁ1s DrovF destaut image signal is

conventionally wunachieved superior effect that the
cﬁﬁQ%e?ﬁﬁaoaﬁctlon ability and the resol ution

ab|I|t can be’ |qp qﬁed to the _level of a three-chip

i mage senébr“wHﬂJeik & sifplEs) &i ngl eFchiplRnEge -

sensor 5 is used. The inmaging device 1 according to

the pr&SeniaTRvbRAfi dFequchey Fsmakdthe thaput image is

above- descri bed enbodi ment but may
expressed as: :

Fs = 1/D =‘1/(kd) = fs/k - Formula (2).
Therefore, in the examples 1 to 5, the relationship
- between the frequency of the pixel signals generated by
the image sensor 5 and the maximum freguency Fs/2 that
can be represented in the output 'imag'e is as shown in Figure
19. Further, since the frequency F of the ocutput image
is proportiona; to the frééuency f of the pixel signals
generated by the image sensor 5, F = f/k. Thus, if k is
set to a value above 1.0, the freqeency f of the image
sensor5requiredtorepresenttheﬁrequencyl?oftheoutput
ima@ecanbelow. This allows the resolution of the ocutput
image to be relatively improved.
éccording' to the above embodiment, compared to
conventional products, a larger number of pixels of the

image sensor 5 are set per pixel of the output image, and



- be nodified as appropriate. For exanple, although the
enbodi nent has been described for the output inmge
based on square pixels, this is not a limtation but
an output inmage based on rectangular pixels may be
configured and output. .In thd@ -case, the sanpling
frequency will be different in the |ongitudi nal
~direction and the lateral direction. The illustrated

| {BOS SeNSY s & 9 i el
LI SRRl S ShepLUROERg:Bicd 210190080 188 o

it ustrated, cobpbo fnhéntteqrs Sl }?{5@9@39 éngg{?@eﬁ@i%rnally

pattern. However, IS 1S not a nltatlon

pﬁﬁ§§ﬂ£evbBV%% éylé c@pQ aQQQH? gtP%FFoductlon

arrangenents a ecte% strla

290 They %ﬁge{}g e LD s gif&%gbéga a2 0 {AB9L095 o che

I Cce es an |1 mge o ect
3i€|%g Cgfoﬁ'plrlr@}grnge Sgﬁ%?iragl n%eoﬁ’tAeilncSa étqéﬁn&ﬁ?% grple
T S e Y R ZIL“ ' sayer
crreragTend (he. sepetate, an tegng o daseed .
p{quégrfgéfgego%grtgg ogggtdescrlbed embodiment but may
be modified'as appropriate.

For example, although rthe embodiment has been
describéd.for the output image based on square pixels,
‘this is not.a limitation but an output image based on
rectangular pixels may be configured and output. In that
case, the sampling frequency will be differentrin the
longitudinal direction and the lateral direction. The
illustratedimagesensorS hasthejjmgingpixelsarranged
as a sguared grid or a 45° oblique squared grid, and the
illustrated color filters 4 are arranged in the Bayer

pattern. However, thisis notalimitationbut the present

inventicn is also applicable when other arrangements are

selected.

Industrial Applicability



. a single-chip imge sensor that photoelectrically
converts the i'maging |light passed through the color
filters to generate pixel signals; and an out put

i mmge signal generating unit that generates out put
i mge signals based: on the pi%eél signals obtained
fromthe i mage sensor, wherein the frequency
characteristics of the optical Iowpass filter are

set | W}ﬁ@gﬁe@;éﬁ@/ ithatn @ & st ukalrsa eekosn Qﬁﬁ%ﬂgg device
ratio i s 372892484 or | ess but nore than O,

first tirbses 50l RL RASSILY oﬁ:?jé@t'vﬁddk?%t 'sa%agtzfée-chlp image
ratio.of frequency  conponents allowed to SsS
thrgugh in a frequency conponent region not |ower

t han the Nyqui st frequency for the | owest sanpling
frequency anong sanpling frequencies in the

| ongi tudinal, lateral, and oblique directions for
.each col or component in the i mage sensor, and | ower
than the Nyquist frequency for the sanpllng
frequency of the image sensor, and 31 the output
imge signals are generated fromthe pixel signals
generated by the inage sensor so that N pixel signals
(Nis a real nunber of 2 or above) generated by the

i mmge sensor correspond to one output inage signal.

2. The.imgi ng device according to claiml1, N =
(fs/Fs)Z, wherein fs is the sanpling frequency of the
I mge sensor and Fs is the sanpling frequency of an
~out put image forned



by the output image signals. 3. An imagi ng device,
conprising: an inmaging optical systemw th an opti cal

| ow-pass filter having predeterm ned frequency
characteristics; «color filters in a Bayer ‘
arrangenent that separate an 3Gmging |ight passed

through the imaging optical system into

predet erm ned col or conponents; a single-chip imge
sensgkd hat photoel ectrically converts the inmaging

| i ght passed through the color filters to generate

pihxel sI gt b . out put _i.nage si gnal

g(:eLrier a’%fllngﬁéﬁi’ltn%?gjaetv%{]e%’er%gggrlg - image signals

based . i xel si.gnal s obtained .fromthe i mage
sensoriQH\Mtﬁlgg gﬁgt ﬁgscflg:eag]uesr%#8Wa?‘“é&herainstqpctslcﬁlt (@V-pass
or%tiil%a'lI |.ow pass fidl %er are C?e in such a way that a
sEEONT T AIEE Pl BF e de35 RSy n%f?%’tlfgaciys B AG3hgt ics;
or |less but. than O, the second false color
‘passi ng°rafi ggﬁ%(ﬁrcsaﬁrhf 7Y Fhat F T 8R I ajuditat separate
conponent s | owed to pass through in a frequency
céﬁpﬁﬁ%ﬁfnﬂygir%*htﬁﬁ% PO (R iRegimedpatacal system
fr.\%guenc bet ween t he Nyqui st frequency for the

| SESt TR RREdgGedey SARIRCBARERIing frequenci es

in the longitudinal, lateral, and oblique directions
for ea®hSéBFer ¢OHFoNEARYIS| § HTHEO F nhlge ts @hsdrowimEthecally
Nyqui st frequency for the sanpling frequency of the

| FRGY Sserfsbh e gl 1 oodr attana selesl Nygaigh fhegoéneyfilters
for the sanpling frequency of the _

to generate pixel signals; and

anoutput.hnagésignal generating unit that generates
- output image sigﬁals based on the pixel signais obtained
from the image sensor, wherein
thefrequen¢ycharacteristicscﬂftheopticallbw~pass
filteraresetjjlsudnaway1ﬂwﬁ:afirstfalsecolorpassing
ratio is 0.372892484 or less but more than 0, the first
falsegqlérpassingratioindicatingtheratidoffrequency
componentsalloﬁaﬂtopassthroughjjzafrequencycomponent
region not lower than the Nyquist freguency for the loﬁest
sampling frquency among sampling frequencies in the
longitudinal, lateral, and obliquérdirections for each
color éomponent in the image sensor, and lower than the
- Nyguist frequency for the sampling'frequency'ofrthe image

sensor, and



i mage sensor, and the output inmage signals are

gener at ed frontthe pi xel . signals generated by the
"image sensor so that N pixel signals (Nis a real
nunber -of 2 or above) generated by the inmage sensor
correspond to one output ifagé §ignal. 4. The i maging
device ‘according to claim3, N (fs/Fs)2, wherein fs
is the sampling frequency of the inage sensor and Fs

i s thehsappkiong {neguescynah AAre @Hérhﬁ@gef£8ﬁtr@fge pixel
by the output inmage si-gnals. I MA

Absi K ALk @W&b%@&ﬁﬁ@éééﬁ§o?fm&@h99w ﬁfgiel signals
| ow-pass ~ filter are set in“such a way that

f at s oL@ PASHIG: Jabe SikndinCald) gxe‘?fef aﬁrf 19fe lmage
frequency conponents passing throu h a freque

COMPOPENL o 1-8Q ted oML Ly u
frequencyO? Fgﬁnﬂﬁ +omest sgﬂ%ﬁ¢ﬁﬁn$%%q%£ 8?1
~anong the sanpling frequencies in the Iongltudlna
‘the lateral, and the obllque directions for each

Cé)| or en l%é{[rﬁgedg%g%h ($ ?a fre%u%li%y rrponent

reglon omer n-one- thU|st uency
fs of ﬁ np% g frequency fs of the imge sensor,
S not h|g er i specified value. An output

i mage n s .cre ted froom i xel created
by Pheame SRS R ue%ﬂfﬁg%%t&e(ﬂﬂegea?ensor
raer?l Ensurf%e{he samgirabot‘lgequency ofbgn output image formed

by the output image signals.

3. An imaging device, comprising:

en imaging optical system with an optical low-pass
filter having predetermined frequeﬁcy_charecteristice;

color filters in a Bayer arrangement that separate
an1mag1ngllghtpassedthroughthelmaglngoptlcalsystem
into predetermined color components,

& single-chip image sensor that photoelectrically
converts the imaging light passedthrough the color filters
to generate pixel'signals; and

anoutputimagesignal_generatingunitthatgenerates
output image signals based on the pixel signale obtained
from the image sensor, wherein

the frequency characteristics of the optical low-pass

filter are set in such a way that a second false color



i mage sensor correspond to one output image signal.
- '32 -

passing ratio is O.i94113388 or less but more than G, the
second false color passing ratio indicating the ratio of
-frequencycomponentsallowedtbpmssthroughjj1afrequency
componentregioﬁnotlowerthantheintermédiatefrequency
between the Nyquist freguency for the loﬁest-sampling
frequencyamongsémﬁlingfrequenciesjjlthelongitudinal,
-lateral, and oblique directions for each color component
in the image'seDSOr.and the Nyquist frequency for the
sampling freqﬁency of the.image sensor, and lower than
the Nyguist freguency for fhe sampiing frequency of the
image sensor, and |
| the output image signals are generated from the pixel
signalsgeneratedbytheimagesensOrsothathixelsignals
- (N is‘a real number of 2 or above) generated by the image

sensor correspond to one output image signal.

4. The imaging device according to claim 3,
N = (fs/Fs)?,
whereinfsisthesampling frequencyofthe image sensor

and Fs is the sampling freguency of an cutput image formed

by the output image signals.





