- 1 - SPECIFI CATION | MAG NG DEVI CE Technical Field
The present invention relates to an i magi ng device
for apparatus such as digital caneras and digital
video caneras, and nore particularly to an inmaging
device that takes an inmage of "an object with a
single-chip i mage sensor. Background Art
Conventional |y, when an i nmagi ng device for taking
color inmages is confi RPBRCUIRLCATAON ngl e-chi p i mage
sensor, photodi odes (pixels) are arranged |ike a
squared grid or . a 45 oblique squared grid, and col or
filters corresponding to color conponents such as R
(MAGEING GRYIeEen) , and B (blue) are arranged on the
phot orecepti ve surface of the respective photodi odes
in a regular pattern such as "R G GB. " For the
squared grid arrangenent, an output inmage signal for

Toehaiewll mfedle pixel is output fromeach pixel of
the i mage sensor. For the 45 oblique squared grid

ar r angesepte saAtOilhReh titAgersi ghak ter ahhe By ddfice
two pixels is output fromeach pixel of the inage

B&ASPpariits sHEPWUPWidiBIE 8meeRe aheddigiddl video
such an imagi ng device for taking color images, in

éﬁﬁ@faEQ geaenare BRrageuwnahe PWPWn iMRAPind RMevice that
sanpl i ng
takes an image of anobject with a single-chip image sensor.

Background Art

Conventionally, when an imaging device for taking
colorimagesisconfiguredwitheasingle—chipimagesensor,
photodiodes (pixels) are arranged like a squared grid or
a45°obliquesquaredgrid,andcolorfilterscorresponding
tocolorcomponentssuchasE{(red),G(green),amdB(blue)
are arranged on the photoreceptive surface of the
respective photodiodes in a regular pattern such as "R
‘GG B." For the squared grid arrangement, an output image
signal fof the amount of one pixel is output from each
~pixel of the image sensor. For the 45° oblique squared
grid arrangement, an output image signal for the amount
of two pixels is 6utput fromeach pixel of the image sensor.

‘Thus, an output image is generated.




frequency of the inmage sensor needs to be equal to or

hi gher than double the spatial frequency of an object

to be taken. That is, if the spatial frequency of the

obj ect is higher than t he NM$UISt frequency of the

i mage sensor (half the sanpling frequency), false

colors (color noires) may occur at |ocations such as

the boundary of a light portion and a dark portion of
the obpeéuchTiey dgfmr@inandepticealfod cvalpasy ¢dloer images,
typically provided in the optical path wthits

dit of lefriee gemeyr ot ancacherayquost phtemeney thef sapling
i mage sensor, so that the imaging light directed to

e qurayey odnkbe dimade Istersed: nAedas tomeesyiuanato or higher
I magi ng device configured wwth a single-chip inmge
tbagsodoubi ei tiverdponi alkSudddesnth o f apasbjecPate€ble taken.
Lai d- Open No. 6-141330 has been proposed (Patent

Dbetmest, if. tHhespaveali opedeseidbed ikhel Bb§ect is higher
specification mainly includes an i mage sensor of

shagl eheoNyhud-sthifir dotpenepdo &wm§efééﬁ§6rc¥ﬁaw the
having the cutoff frequency not higher than half the

sanplliing ftegaearsy andldetest brg b’@élgr%ofife@)r‘ﬁa@ occur
conponents from outputs of a video anplifier circa

#at botaboeuwreiuch alARARCER UTRILRY 4Ai - lq’%ﬂ: 'Y?ortlon and
6- 141330 3 - Disclosure of the Inventlo wever,

&1 88k @- PRI i JMOSE SERE06S JRIAPOSqHh S fore, an optical
low-pass filter is typically provided in the optical path
with its cutoff frequency set to the Nyquist frequency
of the image sensor, so that the imaging light directed
to the image 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
(Patent Document 1), The invention described in this
specification mainly includes an image sensor of single-
or two-chip type and a low-pass filter circuit having the
cutoff frequency not higher than half the sampling
frequency'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




far including the invention described in the Japanese

Pat ent Lai d- OQpen No. 6-141330, an output inage is

. formed so that the pixels of the inaging sensor and

the pixels of the output i_ingge are in the ratio 1: 1

or 1. 2. Therefore, each pixel form ng the output

i mge only receives an output signal of any one of R

G, and B fromthe image sensor, and signals of the

BiREl aswr ¢ of Br 8har Envigrdripet at ed from ot her pi xel s
around that pixel, so that it can be said that the

out pUO¥BVeE .| ¥isht piaude~Cihis, indde sensehseprepnpped so
i mage sensor never causes false colors because each
ppxelincdowlives thgnahyesft iRn GlesndiBeda isi rigle-&panese
i mage sensor involves difficulty in reproducing exact
Bakens aaddéom e cHirskd TAB8e awlwmutsputuihage is formed
consi deration of the nechani smcausing the tendency

80 thhtetbel pisigiiosest atlpe obheginhatsenaoshowh the pixels
Figure 2 or 4, the cutoff frequency fc of an optica

b bwHpass thultt tmabasa netinbeka i o Lo 1ber 9et? | ovre tdddre,
hal f the sanpling frequency (Nyquist frequency) of
eyeh\ixxsl dornHorg ehenphepuasisdgavonly Fegeiesslaansitput
2, for an image sensor in which color filters are

af gaagedfi angy BayeroHH ! G N awd BBgbngtRexéhuge sensor,
arranged as a squared grid (pixel pitch: d) , the

andl of fgris guenmhd @ t0fe  RerORIDIGAH s a0 Rase fddI£fed From

is preferably set |ower than the Nyquist frequency for
other pixels around that pixel, so that it can be said
that the output color is estimated. Thus, while a
three~chip image sensor never causes false colors because
each pixel receives signals of R, G, and B, a single-chip
image sensor involves difficulty in reproducing exact
.colofs and tends to cause false colors.

Further consideration of the mechanism causing the
ltendency of false colors poses a problem that, as shown
in Figure 2 or 4, the cutoff frequency fc of an optiéal
low-pass filter has not been able to be set lower than
half the sampling frequency (Nyquist frequency) of every
color.

For example, as shown in Figures 1 and 2, for an image
sensor inwhichcolor filtersarearranged inaBayerpattern
on imaging pixels arranged as a squared grid (pixel pitch:

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




the sampling frequency of every color. In practice, to
avoid sacrificing the resolution, the cutoff frequency

fc is set to a value around fs/2 (fs: sanpling

frequency of the inage sensqgr)_with respect to the
sanpling frequency in the longitudinal and | atera
directions for G because G has a high effect on

vision. Wiile this cutoff frequency fc can filter out

- difheesiar b hy gBeftr dqueaiei Ean nt baeNyvidsrigl & uBifeaheans for
| ateral directions for G it passes frequencies

Rihgh i g her fgyensy fofequemy donlehe ITonpgtagdisal to
and lateral directions for Rand B and the Nyqui st
e asi fhcihg dle quesalvettnonther tG L fndgBency
Therefore, there is a disadvantage that pixel signals
ffor ishesé tol arsadne asumber ) (dst: restrpll ind ffafsency
colors tend to occur. The occurrence of false colors
pdrtkadmags sensayr beitprevepeet thy thet samglting toégfiéncy
frequency fc of the optical |owpass filter to a

val tkee|lowegithdintieaNgqlastrhiequesey i dror ficheG, because
sanpling frequency in the longitudinal and | atera

Gihag bi bhgh faf fdarcth Bisdbinch Whitlkethowesttsddpt reguency
frequency anong those of R, G and B. However, this
fiascaa diiSamndageuahedesdack Wwighi gralkmdmiiddeiss the
conmponent, so that the resolution of the generated
bohptitudiegd isndr tdueed land ddier i fRgeros I, uriedadses
As shown in Figures 3 and 4, for an inmage sensor in
frequencies higher than the Nyquist frequency in the

longitudinal and lateral directions for R and B and the
Nyquist frequenciés'in the oblique direction for R, G,
and B. Therefore, there is a disadvantage that pixel
signals for these colors are not properly estimated and
false colors tend to occur.

The occurrence of false colors for each color may be
prevented by setting the cutoff frequency fc of the optical
low-pass filter to a value lower than the Nyquist frequency
for the sampling frequency in the longitudinal and lateral
directions for R and B, which is ﬁhe lowest sampling
. frequency among those of R, G,-and B. However, this has
a disadvantage of the lack of signals for the(;éomponent,
so that the resolution of the generated output image is

reduced and the image is blurred.




which color filters are arranged in the Bayer pattern

on imaging pixels arranged as a 45 oblique squared

grid (pixel pitch: d) , the cutoff frequency fc of

the optical lowpass filter s preferably set |ower

than the Nyqui st frequency for the sanpling frequency

of every color. In practice, to avoid sacrificing the
resol ution, the cutoff frequency fc is set to a value

ar oundst ghowps én Figmraty 3 rsyliehcyfonfan hmagageensor in
sensor) with respect to the sanpling frequency in the
¥biicdusdide ddildieroraxsy drerangedGinasha Baghrepadtern on
on vision. Wiile this cutoff frequency fc can filter
duegimmpireedarar haghefiraeyadric @lsliqueheytédgeid (pixel
direction for G it passes frequencies higher than
Ph&EChyqdl stthe apuentf dsrdqueheyofdherfdthectponsalilewrpass
the longitudinal and lateral directions, and in the
fohgetruderaref eanblyl setahdwell thhar the attquhst ffredhency
other colors R and B. Therefore, as in the
Bpovvehdesamphbédgs fuacpdrgry b f arvangenendr . t Rt @riscaice,
di sadvantage that pixel signals for these colors are
otaypr bperd or bl cimyethantkt d@l seionl otlse diensif f Frequency
occur. Conversely, the occurrence of false colors nay
be jsevebted dwskbieiagothd e€uvaf f{ fereguepayidE Mdduency
respect to the sanpling frequency of the R and B
chpentntge sdioney ¢rwithire 0ses ta Pheky 1hay freyuency
resolution of the output image is reduced and the

inage: oblhlqud 8drectionfe PEob s Rt @hss G0h 048 SSfect

seen in the single-chip
on vision. While this cutoff frequency fc can filter out

unnecessary high frequencies in the oblique direction for
- G, it passes frequencies higher than the Nyquist
frequenciesintheotherdirections,i.e.,thelbngitudinal
and lateral 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 disadvantage that pixel signals
forthesecolorsarenotproperlyestimatedandfalsecolors
tend to occur. Conversely, the occurrence of false colors
may be prevented by setting the cutoff frequency fc with
respect to the sampling frequency of the R and B components.
However, this poses a problem that the resolution of the

output image is reduced and the image is blurred.




type wll not occur if the inage sensor is configured

to be of three-chip type. However, this wll pose

anot her significant problemthat the conplicated
mechanismw ll lead to the increase in size and

wei ght, which goes against the need for conpact

design. The three-chip type will also have a problem

of requiring nore strict positioning accuracy because

m sal Thammblem ednbriismgceilgmal 3s magutin themimgle-chip
i magi ng sensors for the respective three colors wll
Fyrel yitld cedsecsudi ddr ddre iimadwe dareger The@ifsentred to
i nvention has been made to solve these problens and
beneft shpeeviadte @t ypagi ngodevieee tapabhe 11ofpose another
I mproving the color reproduction ability and the
sbdgoidticemtalirddlenochhe theetompld claierP nefdimn MB@gewill
sensor while using a sinple single-chip image sensor.
Dpainegithe davireasactorsh ng dmd wee gbrteSeRL chny88ki fainst
is including: an imging optical systemwth an

Opeircadd fbaveqassctiddeighavi Nge pradal s pedpe will also
frequency characteristics; color filters that

szpar at e roblioeg Nore i @bt nRASESHk tHEPUER B iR 10y
optical systeminto predeterm ned col or conponents;

- BOcipage Isensesetdiadal PhAesltechddab] i sV S1 5Nt put
i magi ng |ight passed through the color filters to
DeMRrehe MaPingi 98aL8rsaRdyr BROVERYPE ITRAL t3H: ¥l co10rs

generating unit that generates output inage signals

wiBEd]1 ORel Re tRl Xxusd 00243 s8RRNET the image.

The present invention has been made to solve these
- problems and aims to provide an imaging device capable
of improving the color reproduction ability and the
resolutionabilitytothe1eveloféthree—chipimagesensor
“while using a simple singlé—chip image sensor.

An imaging device according to the present invention
is including: an imaging optical system with an optical
low-pass filter having predetermined frequency
characteristics; color filters that separate an imaging
light passed through the imaging optical system into
predetermined color components; an image sensor that
photoelectrically converts the imaging light passed
lthrough the color filters to generate pixel signals; and
an output image signal éenerating unit that generates

- output image signals based on the pixel signals obtained




fromthe i mage sensor, wherein the frequency
characteristics of the optical |owpass filter are set

in such a way that a first false color passing ratio

is not higher than a specified value, the first fal se
color passing ratio indicétﬁn@ the ratio of frequency
conponents allowed to pass through in a frequency
conmponent region not |ower than the Nyqui st frequency
foomt e owestie Saankbrg wWheatpibmcyhan@ng Gty Ny
frequencies in the longitudinal, lateral, and oblique
dhaeatitensi $toicgaclh ebkopaaponenbw-pastsheEilmge are set
sensor, and | ower than the Nyqui st frequency for the
sanplichg af wequenmt of fihest Mmgessersqlor YubdNey ratio is
out put image signals are generated fromthe pixe

sognai ghegendhal adspycliffe ddTRGE HENSH e SPi tHat N PEXEb1or
signals (N is a real nunber of 2 or above) generated

Pyskhag r@geo iSedbe4t CAEMESP AT ilDo 8Ner M PHE yidBdSonent s
signal. In the present invention, the first false

&D1 6eBassl Plsd HHugh PLeT T PLYueakl @dhpbri¥nt region
bel ow. An inaging device according to the present

ﬂ@ﬂ@%ﬁé¥%hhﬁ%ﬂ@N9@hm¥tf@e%ﬁ@@ 89%%5&0@¥§E%H%§}ing

with an optical |0w pass filter having predetermn

f F EGHERALY aﬁgﬁﬁaﬁﬁéiﬁxgﬁfﬁeggéﬁgig%l }.ﬁgﬂﬁét E%‘ilgitudinal ,

separate-an i nagi ng passed throu € i"magl ng

Iﬁﬁéféh,sﬁﬁaeghiﬁﬁgﬁ B%E@g%ﬂgﬂ§qgnpléHhQQHRQ??%ﬁEfnent

an | mage sensor t otoel ectrically conver

ii]rgﬁ:gzjré; tg_érlajﬁ tesle[}%schﬁ,glasr%cp g%gv%rk ttl?learg %lhoer nyquutiesrts £5% quency
for the sampling frequency of the image sensor, 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 the image
sensor correspond to one output image signal.

Inthepresentinvention,thefirstfalsecolorpassing
ratio is preferably set to 0.4 or below.

An imaging device according to the present invention
is including: an imaging optical system with an optical
1ow~pass filter having predetermined frequency
characteristics; color filters that separate an imaging
light passed through the imaging optical system into
predetermined color components; an image sehsor that

photoelectrically converts the imaging light passed

through the color filters to generate pixel signals; and




- 8 an output inage signal generating unit that

generates output inmage signals based on the pixe

signals obtained fromthe imge sensor, wherein the

frequency characteristics_of the optical |ow pass

filter are set in such a way that a second fal se

color passing ratio is not higher than a specified

val ue, the second false color passing ratio

ARJPEAHHy thedeasignefl eammeatyngonpdfettat denedtes

to pass through in a frequency conponent region not

PBREM T BRI Ieh € ligmadrambdisa @ dn dduenchrdetsdara theobtained

Nyqui st frequency for the | owest sanpling frequency

anong theanigha o) $ergoencivdse iein heheofgetuding |

| ateral, and oblique directions for each col or

chapecsdsiristite ofagbe sprisiora hntovhpaklgqdiidtter are set

frequency for the sanpling frequency of the inage

sensoech andalohbatt hasetbhed\fquist daleguerssid@rratio is

sanpling frequency of the inmage sensor, and the _

ot put ghergehshgmaear i génes bted thensdébdengikelse color

signals generated by the image sensor so that N pixe

pagndhyg (AN ios ral it imgirdiey raft i of fAlmueIn gerengiatent s

by the i mage sensor correspond to one output inmage

slpowed ko phe spresenigh nven | PReghbBfcyeednppohdrie region

color passing ratio is preferably set to 0.2 or

Tﬁ&?%@ygEugﬂkﬁTﬁﬂ@,iﬁﬂeEﬁéd@&ﬁ%ﬂiréﬁﬂéﬁbyoBetNéén the
s/ Fs) 2, :

Nyquist frequency for the lowest sampling frequency among

sampling frequencies in the longitudinal, lateral, and
oblique directions for each color component in the image
sensorandtheNyquistfrequencyforthesamplingfrequency
- of the image sensor, and lower than the Nyquist frequency
fqr the sampling frequency of the image sensor, 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 the image
sensor correspond to one output image signal.
~In the present invention, the second false color
passing ratio is preferably set to 0.2 or below.
Furthermore, in the present invention,

N = (fs/Fs)?,




wherein fs is the sanpling frequency of the inmage

sensor and Fs is the sanpling frequency of an out put

i mge forned by the output inmage signals. According

to the present invention, both the color reproduction
ability and the resolutlon ‘ability can be inproved to
the level of a three-chip imge sensor while a sinple
single-chip imge sensor is used. Brief Description of

t he DrARired £ gertehd spapd isghénetiiie ndivagt aimeshmgageasor
rel ati onship between an inmage sensor and an out put
ey €' si hs tthee cagep 1 bhg of mogwent iy omfilars guanart: gmade formed
arrangenent; Figure 2 is a schematic diagram showi ng a

gyl dthionshiputbétmagen simnalsof f frequency of an

optical lowpass filter and the Nyquist frequency for
each Bokordimg He dadse pfeséhe damesnticamnalbstgbatkd color
grid arrangenent, wherein fs/4 denotes the Nyqui st
frepquehoyt iont Abilldngi tard nate andsoll atdrcal b1 eLt088n be
for Rand B, fs/ (242) denotes the Nyquist frequency

il mptrioer eabItiog it edileand I @F f0r hReGicla: ﬂid fina§e/ densor while
denotes the Nyquist frequency in the |ongitudinal and
hatemplledigeglonshlipr imaayyl ddessamki Rgdd.equency in
the longitudinal and lateral directions for R and B

fs/42 denotes the sanpling frequency in the oblique
direction for R G and B, and fs denotes the

BBl e SIEIqENsN ofn tthfée orngiAgdi nal and | ateral
directions for G and -

Flgurel:u;aschemat1cd1agramshow1ngarﬁlatlonship
between an image sensor and an output image in the case
of a conventional squared grid arrangement;

Figure 2 is a schematic diagram showing a relationship
betweenthecmtofffrequencyofeu1opticallow-passfilter
and the Nyquist frequency for each color in the case of
‘the conventional squared grid arrangement, wherein fs/4
denotes the Nyguist frequency in the longitudinal and
lateraldirectionsforRandB,fs/(242)denotestheNyquist
frequency in the oblique direction for R, G, and B, £fs/2
denotes the Nyquist frequency in the longitudinal and
lateral directions for G and the sampling frequency in
the longitudinal and lateral directions for R and B, fs /N2
.denotes the sampling frequency in the oblique direction
for R, G, and B, and fs denotes the sampling fregquency

-in the longitudinal and lateral directions for G, and




wherein reference synbol A denotes a passing
characteristic of a conventional optical |ow pass

filter and reference synbol B denotes a passing
characteristic that is opthﬁ? _fromthe vi ewpoi nt of
prevention of false colors bu I nvol ves a reduction

in the resolution, and wherein the use of the optica

| owpass filter with A causes false colors due to
Phegreritred epasingyrhpsdytienat el preaicy Fhguaet8riistic
a schematic diagram showing a relationship between an
Piage CoBTSOTt o Anoptipal Lewgedss tfikl caseandf raference
conventional 45 oblique squared grid arrangenent;

EY§pod B denateshenpassidgaghanmashewiing i it isnsptpmal
between the cutoff frequency of an optical |ow pass
firemetheadi evipoiipguiodt freguentynf off dadseotolora but
the case of the conventional 45 oblique squared grid
anvedgerre® redinet kon is/ 8hdenesed uthieoyguhdtwherein the
frequency in the oblique direction for R and B

fist( fl12halerot saflhéohyquaisst Firequerdyrh B tdfuses false
| ongi tudinal and lateral directions for R G and B
tel2rdedukesot fiechyruicsie § pameney tRrbheh ebl tHeearea C;
direction for G and the sanpling frequency in the

obl i quisywite Xt ban sthlenB tAnddBa ofrsim $Bodamet 8 dierionship
sanmpting frequency in the longitudinal and | atera
étwethons fidtagR sdns@pdaBd andohie GlnfiSyd NBh the case
sanmpling frequency in the oblique direction for G

o B e e e B g o At agment
- ref ergnfier sWHgla BcHenakes: @i B§S8'$howing a relationship
between the cutoff frequency of an optical low-pass filter
and the Nyquist frequency for each color in the case of
the conventional 45° oblique squared grid arrangement,
wherein f£s/4 denotes the Nyquist frequency in the oblique
direction for R and B, fs/(2V¥2) denotes the Nyqﬁist

frequency in the longitudinal and lateral directions for
_R, G, and B, fs/2 denotes the Nyquist frequency in the
oblique direction for G and the sampling frequency in the
oblique direction for R and B, fs/V¥2 denotes the sampling
frequency in the longitudinal and lateral directions for
R, G, and B, and fs dénotes the sampling frequency in the
obligue direction fof G, and wherein reference symbol A

denotes apassingcharacteristicofaconventional low-pass

filter and reference symbol B denotes a passing




- 11 characteristic that is optimal fromthe

vi ewpoi nt of prevention of false colors but involves

a reduction in the resolution, and wherein the use of
‘the optical lowpass filter, wwth A causes false

colors due to frequencies pa% ing through in the area

C, Figure 5 is a schematic diagram showi ng an

enbodi mrent of an i mgi ng device according to the

phagemt 6 mivetni ¢ obha tFilgurpBimsl af sohethi o idivgsgs it of
showi ng color filters arranged in a Bayer pattern in
aneveadd wemsbrfal seheolemmodbuweninveigaese a7 desdw@ction in
schemati ¢ di agram showi ng pi xels arranged as (a) a
Shearesl ut floandarfdwhe A5 vhlhaueesoiiahedb gt i dali Towbgass
i mage sensor of the enbodinment; Figure 8 is a diagram
Showemgy it tieAred wd ¢ o sl qe belveerdué abser&@hensies passing
occurring in the i nage sensor and the spatia
thequghcyn whes eareseterence synbol A denotes an area

in which the false colors occur due to sanpling in

the imagere Senscd sdipdms eNeed S¥§Beh FhéleNRyesn IhvE Ehnent
in which the occurring false colors are easier to

it astadindg MBOei cBr 96858HAGg tef EheNEeeS¥MI0l Gention;
denotes an area in which conventional digital cameras

have Ftgerpleeds tp sTHRR LS Bc diha?gfé’th%cﬁ@ir?%%ocﬁ%f] fMfers

optical lowpass filter, the reference sy

LerohgsdannabeBaye Mp L bRE QGC W [ fighgd aLSRCY Y the
are harder to suppress by inage proces§?ng,
embodiment;

Figuna?isaschematicdiagramshowingpixelsarranged
-as (a) a squared grid and (b) a 45° oblique squared grid
in the image sensor of the embodiment;
7'FigureBiseadiagramshowingtherelationshipbetween
f;lse colors occurring in the image sensor and the spatial
frequency, wherein reference symbol A denotes an area in
which the false colors occur due to sampling in the image
éensor,-reference symbol B denotes an area in which the
occurring false colors are easier to suppress by image
processing, reference symbol C denotes an area in which
conventional digital cameras have attempted to suppress
the false colors with the optical iow—pass filter, the
reference symbol D denotes an area in which the occurring

false colors are harder to suppress by image processing,

and the reference symbol E denotes an area in which the




and the reference synbol E denotes an area in which
the - 12 false colors are likely to occur with
conventional techniques, and wherein the fal se colors
in the area E is elimnated_by techniques of the
present patent applicatioﬁ;1 igure 9 is a diagram
showi ng frequency characteristics of the optica

| ow-pass filter in the case where false colors are
fedscedoed nsyaby tH&apt i€al ockaw pdsh fdddesnt Ebgane
10 is a diagram show ng frequency characteristics of
tleehopiquwsas, | andpaderidil ethé mphesentced o tin CENst area E
for describing a first false color passing ratio and

dsseddndifat € b9l eedpasisquesrafi eheFipdésnltl pstant
di agram showi ng frequency - characteristics of the
epbildaladion pass filter in the case where false
‘colors are reduced primarily with i mage processing by

a CPUragdrei bhiless dNhePahY&hidw RS | fifledenkhe
optical lowpass filter; Figure 1271s a Schematic

ghashaPesiovd 18s () tAR PRIELRY l@\l«xﬁhsl' ffi‘te‘:bﬂn Ei:he case
sanpling interval in the longitudinal and | ateral

vheeet ifaNsd BofpriChra SAMlddQ mgiﬁgyahﬁyan&élé "@% ;.cal

| ongi tudinal and lateral directions f

§O§aggg@ngﬂjgégval in the oblique direction for G
' (e) a sanpling interval in the oblique direction

for Frigure 10 is a diagram showing frequency
characteristicsof theoptical low-pass filter implemented
with crystal for describing a first false color passing
ratio and a second false color passing ratio;

Figure 11 is a diagram éhowing frequency
characteristicsoftjmaopticallow—passfilterjjlthecase
Where false colors are reduced primarily with image
processing by a CPU and with less intensive filtéring by
the optical iow~pass filter}

Figure l2 is a $chématic diagram showing (a) an imaging
pixel pitch, (b) a sampling interval in the longitudinal
and lateral directions for G, (c¢) a sampling interval in
the longitudinal and lateral directions for R and B, (d)
a sampling interval in the oblique direction for G, and
(e) a sampling interval in the oblique direétion for R

and B in the image sensor in which the color filters are




and B in the imge sensor in which the color filters

are 13 arranged in the Bayer pattern on the inaging

pi xel s arranged as a squared grid; Figure 13 is a
schemati c di agram show ng La%3ag i magi ng pixel pitch

(b) a sanpling interval in thée |ongitudinal and

| ateral directions for G (c) a sanpling interval in

the longitudinal and lateral directions for R and B
garang ed Apl iy Baivesrnat t eantdre t bkl inael oy péetsilenatvanged
G and (e) a sanpling interval in the oblique

gisr éctiphared Rridad B in the i mage sensor in which

the color filters are arranged in the Bayer pattern

on t hEigpug hy ipi xekhematanged aggsamsibwablg Gak an imaging
squared grid; Figure 14 is a schematic di agram show ng
phe&e lr plidtdhonsi)p abetwedn tdelntegea s ens orhancbrani tudinal
output image in exanple 1; Figure 15 is a schematic
dhdgl amestaawnidig ddirionel &b+ oBshiP) betywesnl 1hge 1nageval in
sensor and the output image in exanple 2; Figure 16
theal sclenatdimali agrdihstwink bgdi hecthienat iferski pnd B, (d)
bet ween the inmage sensor and the output image in

exaampé i3ig Birgurevdl is ehecbPlilhue diagiedn SHORGAOG, and
the relationship between the i mage sensor and the

08} pat slaigdeing Niek8sPhe 4n the oblique direction for R

and B in the image sensor in which the color filters are
~arranged in the Bayer patternonthe imagingpixels arranged
as a 45° oblique squared grid;

Figure 14 is a schematic diagram showing the
relationship between the image sensor and an output image
in example 1;

Figure 15 is a schematic diagram showing the
relationship between the image sensor and the output image
in example 2;

Figure 16 is a schematic diagram showing the
relationshipbétweentheimagesensorandtheoutputimage
in example 3;

Figure 17 is a schematic diagram showing the
relationship between the image sensor and the output image

in example 4;




14 Figure 18 is a schematic di agram show ng the

relati onshi p between the i mage sensor and the out put

image in exanple 5; and Figure 19 is a diagram

showing the relationship betywgen the frequency of the

pi xel signals generated by the image sensor and the

maxi mum frequency Fs/2 that can be represented in the
output inmage in the exanples 1 to 5 of the

enmbodF HEHES Béstl vptieS Fhemeidcyiipaxamt abovarantthen

An enbodi ment of an imaging device 1 according to the
BeeSerkon R BR g eR R thse 1Begsr FBBGOBetbd Ll pytpd image
drawi ngs. Figure 5 is a diagram show ng nai n

e8mseTEHt kS 0?7 t ABd | magi ng device 1 according to the
present invention. The inmaging device 1 according to

t he pFegure Ihiemdbagranchelesngdmed nayahgoopthiigabetween
s%sten13 with an optical |owpass filter 2; color

Ehet érsanenigat ofepheaptxed shggailg gknglreteut pyt theoimage
the i magi ng optical system3 into predeterm ned col or
genporermrs] e imayemvengoreduemay Fplat adlagctadcabéy
converts the imaging |light passed through the col or
fepressmtad genehat euppxdl isiamal $n thedexampiegutl to 5
I mage signal generating unit 6 that generates output
Pfagbesiegaldsidmased on t he pi xel signals obtained
fromthe i mage sensor 5.

Best Mode for Carrying Out the Invention

An embodiment of an imaging device 1 according to the
present invention will be described below using the
drawings. |

Figure 5 is a diagram showing main components of the
imaging device 1 according to the present invention. The
imaging device 1 according to the present invention
includes: an imaging optical system 3 with an optical
low-pass filter 2; color filters 4 that separate an imaging
light output from the imaging optical system 3 into
predetermined color components; -an image sensor 5 that
photoelectrically converts the imaging light passed
through the color filters 4 to generate pixel.signais;
and an output image signal generating unit 6 that generates
output image signals based on the pixel signals obtained

from the image sensor 5.




15 Each conponent in this enbodinment will be

described in nore detail. The optical |ow pass filter

2 is responsible for suppressing high spatia

frequency conponents of the,inmaging |ight. The

optical lowpass filter 2 has predeterm ned frequency
characteristics and is placed ahead of the inmage

sensor 5 on the optical path of the imaging |ight.
MeansEafFRhcamposianic iy édicapatiedinentuvil hgpefdescribed
certain high frequencies of the imaging |I|ight, such

a8 Bogeysietaiillt eFher optdickllr derwopagesafiidger dfayi de
used as the optical lowpass filter 2. Besides such
seependidsl € apabl supbrestimy bighhsgh thredquenegesnof

the imaging |light, neans capabl e of defocusing the
tangongntis ghf theedmed iy thieghtageTsenspitisainyl de-pass
used. In this enbodinment, to reduce false colors

pidteced hby phedstephiimgd f richpidnagectsensotebisaics and
frequency characteristic of the optical |ow pass
islpkacedi shsetd ofothespeaygki edngalrué as whéloPeical path
described later so that frequency conponents causing
¢fhethial maghhor ighe . sMppmessddh Bhgy istRAi 01011094 i €fbable
system 3 is responsible for guiding the inmaging |ight

¢D thetimge SEensertainl Rilgh < espeghardk, oft Mhe imaging
i magi ng optical system 3 includes devices such as a
Bhglet | ngutRnss and s rarnete £Wr of Hifdddaiti s g¥lding,
as the optical lowpass filter 2. The infrared

6 bef skl 4€the optical low-pass filter 2. Besides such

structures capable of cutting off high frequencies of the
imaging light, means capable of defocusing the imaging
light diregted to the image sensor 5 may be used.

In this embodiment, to reduce false colors produced
by the sampling in the image sensor 5, a frequency
characteristic of the optical low-pass filter 2 is set
"to é specified value as will be described later so that
frequency components causing the false colors are
suppressed.
| The imagingoptical system3 is responsible for guiding
the imaging light to the image sensor 5. Inthis embodiment,
the imaginé optical‘system 3 includes deviées such as a
shooting lens and an infrared cut-off filter, as well as
theoptical low-pass filter2. Theinfraredcut-off filter

is used for cutting off the infrared entering the




Is used for cutting off the infrared entering the - 16
phot odi odes and is placed ahead of the optica

| ow-pass filter 2 in the formof a glass block. The
color filters 4 are arranged,regularly in a

predeterm ned pattern on the photoreceptive surface of

pi xel s constituting the imge sensor 5 and are
responsible for filtering the imaging |ight to make
Phoitedd gsteticr o nd fepll aokdr abemsbrehtthe Apttidabl bow-pass
filters of a first, second, and third colors

fiplterert iy the €fokrur off id tetas4, bilbick.enbodi ment

uses primary-color filters of R G and B. However,

t he cherchilbtrrerfs ldrersnod e hedartged hisgblariwgy ibe a
conpl enentary-color filters including C (cyan), M
predeteamirad patyekhowpn, tdre gphotbeecepaikinaiu®Ofsce of
of colors. Further, enerald filters nay be added to
pheelsicohst itilttiergst hdsimagarsangerEnNangai t€re Porideble
color filters 4, this enbodi nent enpl oys the Bayer
forafigénentiss showmnagihigguriggh®, tbmukiech tGifridd ers

are arranged checkerwise and Rand B filters are

predegedmdlneat nedldy @dmpohewikasi as HewWRAIor fiiSets§ of
not a limtation. The inmage sensor 5 is responsible

d dirphptoetenti gall yhceavebtohd b he 1Iarai vady 1Rt or
light into electric inage informtion and

Brrtebbal j nghis @fboghabae G98LePL i i elbd SoPWPU LS of
t he out put inmage signal :

R, G, and B. However, the color filters are not limited
to this but may be complementary-color filters including
C (cyan), M {(magenta), and Y {yvellow), or of other
combinations of colors. Further, emerald filters may be
added to the tricolor filters.

As an arrangement paﬁtern of the color filters 4, this
embodiment employs the Bayer arrangement as shown in Figure
6, in which G filters are arranged checkerwise and R and
Bfiltersarearrangedalternatelyonarowbasis. However,
this is not a limitation.

The image sensor 5 is responsible for
photoelectrically converting the received imaging light
into electric image information and”accumulating it as
charge content, which is output to the output image signal
generating unit 6 as electric signals. The image sensor

5 has pixels (photodiodes) arranged in a predetermined




generating unit 6 as electric signals. The inmage
sensor 5 has pixels (photodi odes) arranged in a
predeterm ned 17 pattern, and the color filters 4 are
arranged regularly in a pre Zternined pattern on the
phot oreceptive surface of 't Tespective pixels.
Cenerally known pixel arrangenent patterns include a
squared grid arrangement as shown in Figure 7(a), and

Ra4S eghl,i qued stharedlgri dilaerangessid A SHGEA fOgularly
Figure 7 (b) obtained by rotating the squared grid

anr angesgat ebyidfed T et pWn WRYShY AN cgpberat sAgface
unit 6 is responsible for generating output inmage

sifghales Mespestibi eet pigdie. picelesd Ongl gnelhaigigdf rom
the pixels of the imge sensor 5 to A/D conversion

andavngiemeis: idadse rak LH&Q@d@IQCQ%@dﬂbd-HEi&“EE%%ngement
i mage signal generating unit 6 is configured with

ADsBeR%ereIF i wnd A (LPY aﬁd(gthS“’abbRrgggfez c@gaygat%rld

and electrically connectéd w th the |

dheaAbPmeany arst %ho%vr?qqi\/@ﬁtg%ﬁehei (P )E)%tasirgé@lﬁy f_’}ﬂi&@lng

are anal og el ectric signals, |nto di gi tal data.

€Y §q as%aagelslahsreahgrtegr% eswcnals by

subj ecting tHe A/D conv signals to various

ki ndsprof dﬁ@ﬁ@tp&m@ﬁgﬂéEbnéﬂcgeﬁérggfégﬂuﬁ&@cg is

processi ng, = white bal ance processin

fé%ﬁ@ﬁ&i@@epEQB?5§éﬂ8ratgﬂlO qg&gpQ$§&éoglgnals by
processi ng, noi se reduction cessi ng;
éﬁ$@@8€ﬂﬁattHE°ﬁ§§§ﬁng1g%%HmPo VAELE ¥rom the pixels of
the image sensor 5 to A/D conversion and various kinds
of image 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
pixel signals, which are analog electric signals,_into
digital data. TheCPUE3generatesthebutputimagesignals
by subjecting the A/D converted pixel signals to various
kindsofimageprocessing,suchasopticalblackproéessing,
‘white balance processing, color correction processing,
color interpolation processing, noise reduction
processing, edge enhancement processing, gamma correction
processing, and resolution conversion processing. Here,
the conversion ratio in the resolution conversion

processing is set in such a way that N pixel signals (N




processi ng, and resol ution conversion processing.
Here, the conversion ratio in the resolution
~conversion processing is set in such a way that N

pi xel signals (N - 18 is a_rggl_nunber of 2 or above)
subj ected to the A/D conversSron correspond to one

out put imge signal. Although the output inage signa
generating unit 6 is configured with the CPU 8 in this
éfb i ,Dunbsri ©f fotom 2baveat iswlp] Roredxaoptbe A/D

the output image signal generating unit 6 may be

CORMY TN WwohrgspSd Diqica¢ oStgmdl iPrapessbgladr a
hardwi red logic, or the A/D converted pixel signals

may b&lthkegh rthe oW EPeinogeal sComalt ey9netattagsenit 6
various prograns to performthe above-nentioned inmage
peocesdiligpradw i destcie ptPYM vin |thies gineodbfiehlte this is
rel ati onship between the frequency characteristics of
nhé¢ eptlivdltatomr pasBofiékemnp eand hichewtgnyier sh&ge signal
ratio in the resolution conversion processing of the
GPbegatAnglesci f bednapobe, cohdigeduee wistiucpdal seigital
col ors produced by the sanpling in the imge sensor 5
dsgpadstbbeestbiry embddi rbnt reédtiogiod f ofl I8N CYconverted
conmponents | ower than the Nyquist frequency for the

sarplli sgghadquancy Hes tafkdrha ritmee peen$@rdonal Computer)
(hereafter referred to as the i nage sensor Nyqui st

toecuessywé sidhs phghaiayeobger AP L®RRSMmentioned
through 1in conventional inmaging deV|ces.
image processing.

Now, description will be given of the relationship
between the frequency characteristics of the optical
low-pass filter 2 andthe conversionratio in the resolution
conversion processing of the CPU 8. As described above,
to reduce as much false colors produced by the sampling
in the image sensor 5 as possible, this embodiment cuts
off frequency components léwer‘than'the Nyquist frequency
for the sampling frequency fs of the image sensor 5
(hereafter referred to as the image sensor Nyquist
frequency fs/2), which have been allowed to pass through
in conventional imaging dévices.

VSpecifically, as shown in Figure 8, frequency
components not ldwer than the Nyquist frequency for the

lowest sampling frequency among the sampling frequencies

in the longitudinal, lateral, and oblique directions for




Specifically, as shown in Figure 8, frequency

conponents not | ower than the Nyquist frequency for

the 1owest sanpling frequency anong the sanpling
frequencies in the Iongityd'gal, | ateral, and oblique
directions for - 19 each color conponent in the inmage
sensor 5 (hereafter referred to as the | owest Nyqui st
frequency fa) can cause false colors. Therefore, the
PRshuETho T orpoRenestndin Yhweimatiansehsdrmowesthereafter
Nyqui st frequency fa are suppressed by the frequency
Egdegdarast tst pestbe 1decoptNyghibowtfpagsenfayl fen 2aandause
t he i mage processing of the CPU 8. However,

sappeessilur $ r edqUencyfoorporndre SEt@ywentpanomploments not
Nyqui st frequency for the sanpling frequency fs of
thwernbpensensorowe sedicesithef regakntiyofiacdré heapb xeksed
signals generated by the i mage sensor 5. To prevent

bhi sherfdequéennyi ahblraatesal 4t 1 08, o f hilse ek aEMow-pass
sets the conversion ratio in the resol ution
Eohtersiomnut adessinggeobridiee PLhS oF shehc@unay. t hat

N pi xel signals (Nis a real nunber of 2 or above)

genertidwelv @y, theppreagei agnspequbney ¢€8PONAENte PBRer than
out put image signal. Thus, the nunber of sanplings in

the Wyage ssem@qile €OV E5RORG %mpﬂl?etre@ﬁléﬁw fs of
out put i mage beconmes two or above, and the resol ution

et bRagut penddmae i&8di1BekeIRA M4 Put DEnMBY MHB pixel
frequency that can be represented by the output inage

S1GRALE §éRerataULSTthECOHEHEYsERESTHr e AIPLAPG his
frequency Fs of
reduction in the resolution, this embodiment sets the
conversion ratio in the resolution conversion processing
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
of samplings in the image sensor 5 correspond to one pixel
of the output image becomes two or above, and the resolution
of the output image is increased up to the maximum fregquency
that can be represented by the output image signals (the
Nyquist frequency Fs/2 for the sampling frequency Fs of
the output image).

Now, the frequency characterisfics of the optical
low~-pass filter 2 will be described. As described above,

the imaging device 1 in this embodiment is characterized

_by_cutting off frequency components not lower than the




the output image). Now, the frequency characteristics

of the optical lowpass filter 2 wll be described.

As descri bed above, the inmaging device 1 in this

enbodi ment is characterizeg'zéy_cutting of f frequency
conmponents not |lower than the - 20 | owest Nyqui st
frequency fa that cause false colors. It is therefore
ideal to entirely cut off the frequency conponents
hervesswWEY duiat threduesksy Nyquiat davseefeysefaplors. It
However, this is difficult with the actual optica
Lewtpgsrs fidua erdeall ot leing iarsblogli oreht o fifhé Ier eftptreqegncy
characteristics of the optical |owpass filter 2 are
gemnpofepmst hetvi kapeirnthafn tthes rhbwesat Nykudls it hErequency
frequency conponents |ower than the inmage sensor

fgqui Bowervequendyis fisd i1 fbhichlhavetheehealalcnedl t@ptical
pass through in conventional imaging devices, are cut
bbW-paes ddddemr2. absuthdshemdodibeercasetwbereddiency
frequency conponents not |ower than the | owest
dyguastetriequiency f a He optpipi£b slasy - @8l Fibyetrthe are set
optical lowpass filter 2; and the case where

Soppr eksi odebyp direr | pBRgEhRr 9GRSY Nk 0khibB ERE Frdquency
utilized as much as possible and frequency conponents

¢dmpogannet lokersvpphessediny gehschBBIENPGRGRSS I Ridhcy
suppressed by the optical Iowpass filter 2. An

BPPE PPRhath hahe Boén hheokleenueN(a £hak AELaKIHStifS
Is set for each case. First, in the case wheré false
SN PEBt BbRaleOME8E nPHBNY ces, are cut off. Two cases are
assumed here: the case where the frequency components not
lower than the lowest Nyquist frequency fa is suppressed
mainly by the.optical low-pass filter 2; and the case where
suppressionby the image processing of the CPU8 isutilized
as much as possible and frequency components that cannot
be suppressed by the image processing are suppressed by
the optical low-pass filter 2. An appropriate value for
the frequency characteristics is set for eaéh case.
First,inthecasewherefalsecolorsarereducedmainly
by the optical low-pass filter 2, the optical low-pass
filter 2 has the frequency characteristics as shown in
Figure 9. Specifically, frequency components not lower
than the lowest Nyguist ffequency fé and lower than the
- image sensor Nyquist frequency fs/2 correspond to?afirst

false color occurrence region. Then, a first false color




by the optical |Iowpass filter 2, the optical |ow pass
filter 2 has the frequency characteristics as shown in
Figure 9. Specifically, frequency conmponents not | ower
than the | owest Nyqui st frgqg ncy fa and | ower than

the inmage sensor Nyquist fr guency f s/ 2 correspond

to a first false color occurrence region. Then, a

first false color - 21 passing ratio is defined as
Pﬁ?%%ﬁQOIQilﬁré@u@mﬁﬁnwwn@snEhEsnﬂﬂngnftfmeqaency
through in the first false color occurrence region.
TRarfaneuen @l loompd e as altlovedghdn phssfihsodgh sencolor
the first fal se color occurrence region shown in
Prgurrencorregpond tDha fresudmisecagaiepdssablowed to
region. The first false color passing ratio is
pabeultatedighyin hehe af 1 psof fallgcared of ddwufiéste region
fal se color passing region to the area of the first
shbga tolRigoredr conee spoagl @R a i Ss€FRAEITEBL 0§66 8ssing
the first false color passing ratio to 0. 4 or bel ow

Faygs ohi.r sthfeaf s € seof H1 s PSSl ¢ Patid g W il sWat @dlated
by assum ng the crystal birefringence, which is

genehal tytibi bEzee toréad £nEié tHesOPtd Lo é@w_s@aééssmg
filter 2. That is, if a lowpass filter in which

teghbnItbfﬁﬁ§eﬁré9fﬁﬂgﬁhbh%1¥§§tﬁhl@@dc§QB%7HéEhrrence
into two lights is provided, where the distance

- begwean the two imaging |ights obtained by the
separation is the pixel pitch d of the inage sensor
then dnes ophb6aimkaw RRTS fhd ©fifst false color passing
ratioto0.4orbelow. This first falsecolorpassingratio
wascalculatedbyassumingthecrystalbirefringence,which
is generally utilized to implement the optical low-pass
filter 2. That is, if a low-pass filfer in which a light
ispassedthroughthecrystalandseparatedintotwolights
is provided, where the distance between the two imaging
lights obtained by the separation is the pixel pitch d
of the‘image seﬁsor, then the optical low-pass filter 2
has a frequency characteristic that the null point
frequency is 1/(2d) as shown in Figure 10.
However,inconventionalsingle—chipdigitalcameras,
since setting the null point frequency to 1/(2d) makes
theresolutiontoolow,thevalueofthenullpointfrequency

issethigherforreducingtheeffeetofthelow-passfilter.

-On the other hand, in this embodiment according to the




has a frequency characteristic that the null point
frequency is 1/(2d) as shown in Figure 10. However, in
conventional single-chip digital canmeras, since

setting the null point freguggcy to 1/(2d) nmakes the
resolution too |ow, the valu&“of the null point :
frequency 1is set higher for reducing the effect of

the lowpass filter. On the other hand, in this
Prssdimfeninaenbidinng the thesel@iopr eferthé nvetpidbnimage
the resolution of the output inmage signals can be

sdlgata heelgan rer ecskalt byefllye inutyma sédege tiségmatput image
generating unit 6 even if the resolution is low at
shgrsdnemgrat Agg unitthes iaBge $Ensbe Tesblareioneis low
contrary to the conventional single-chip digita
eamehassampdlisey calaays iganhe igupps essesow $ houtherefore,
reducing the resolution although the effect of the
towtpassy toltles domvemel 6aS@GsidHUE-chi® #0§ithNcameras,
causing the optical Iowpass filter 2 to separate the
Eagbe yidwes pxel bpi kepd-dSsddewhendar Reiveaigt bRe
conventional inmaging devices and the inmaging device

ok sbiug iobeditmiigh lthdd thr£asesr Wk €1 deph8BILi1ter is
sensor has the color filters arranged in the Bayer

pattrea’kedn the i magi ng pi xels arranged as a squar ed
grid and where the imge sensor has the color filters

o e s SRYEE ARLERD L {00 P38 By o
2 NS dghratd t'_(l"ﬁa'd)lj:gh-r@%{fft(?lreepixel pitch d is the border
between the conventional imaging devices and the imaging
device of this embodiment. 1In both cases where the image
sensor has the color filters arranged in the Bayer pattern
on the imaging pixels arranged as a squared grid and where
the image sensor has the color filters arranged in the
Bayerpatternonthe imagingpixels arrangedasa 45°oblique
squared grid, fs/2 = 1/(2d), and fa = 1/(4d). Therefore,
calculating the first false color passing ratio results
in: the first false color passing ratio = 0.372892484 =
0.4.

Thus, fherfirst false color passing ratio in this
embodiment is set to a value ;)f 0.4 or below. Inthis case,
while the opfical low-pass filter 2 is set more intensively,

the burden on the CPU 8 performing the image processing

is advantageously reduced. Since false colors are caused




calculating the first false color passing ratio

results in: the first false color passing ratio =
0.372892484 0.4. Thus, the first fal se col or passing
ratio in this enbodi nent i et to a value of 0. 4 or
below. In this case, while e optical | ow pass

filter 2 is set nore intensively, the burden on the

CPU 8 performng the i mage processing is

ﬁ@@aﬂ{lgﬁe%}ﬂstlye redi@edngphdel dlal Sregoeney eemponastd due
- 23 not only by the aliasing of high frequency

EBnpbRe ARSI t b0 t Blee simpbEngens athd i rages senbordégree
a certain degree of inmmge processing is necessary in

ahy lBpggatit omee s f hinghé scascasma ey f Ahsengolsirtiarions .
reduced by making active use of the inmage processing

of then CP Gase whess faldensiVerfidterradubygdtbe making
optical lowpass filter 2, the optical |ow pass

&ttive @skasfthkef imgugencyochasdeiebifstihesCPESEShOYN less
in Figure 11. Specifically, frequency conponents not
inhenstivenfif¢eamtray byditAteopt tguantywibatissF21k2r 2, the
bet ween the | owest Nyqui st frequency fa and the inage
censoal INMwpss s firidouan? halsst Re fardilawey chhaadthaistics
I mge sensor Nyquist frequency fs/2, correspond to a
sechotrf 4h$8 QotO11.0CEPecaTied BDY PErei@hc f coagdHbnt s
fal se color passing ratio is defined as the ratio of
faequency CONPONENd Sinakkawad s PBsSqhBReYIN il i) /2
second frequency component occurrencé region. This is

Hasesk of HhBolash N@bist $RAYNcy fa and the image sensor
Nyquist frequency fs/2, and lower than the image sensor
Nyquist frequency £s/2, correspond to a second false color
occurrence region. Then, a second false color passing‘
ratio is defined as the ratio of frequency components

allowed to pass through in the second frequency component
occurrence region. Thisisbasedonthe factthat frequency
components closér to the lowest Nyquist frequency fa are
eésier to suppress by the image processing while frequency
components closer to the image sensor Nyquist frequency
fs/2 are harder to suppress by the image processing. The
frequency components 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 calculated by the ratio of the area




conmponents closer to the | owest Nyquist frequency fa
are easier to suppress by the imge processing while
frequency conponents closer to the i nage sensor
Nyqui st frequency fs/2 are Bgrder to suppress by the
I mage processing. The frequency conponents allowed to
pass through in the second false color occurrence
;ggion shown in Figure 11 correspond to a second

dhecieropdsiahger egilor PREs segondgiahseo tbeorrea of
passing ratio is calculated by the ratio of the area -
The gtegeprdsEadng feallswr cotourpassiengagigon to the
area of the second false color occurrence region.
Thi s EhB&demord igsrst et sddomddadsd Lalse paderngassing
ratio to 0.2 or below This value was determned for
TRE1q é8s0n 2somi balowe t Bbiabuwdudewasi Hedefrimisied dloaethe
col or passing ratio, and cal culated as: the second
frelaserca ignil passo nghe adbove-AeBPMil38B88Ffir Ot 2false color
Therefore, while the inmage processing of the CPU 8
pheslilhdheadtirs ctdnd perforhetled 485e dhei s@tohaWpass color
filter 2 can advantageously be set |ess intensively.
News itnfte radviest= Oly fjoudtl ysmuency2fa ThékebBere, while the
descri bed. Figure 12 shows the inmage sensor 5
amngegeroassa isguar ethe gPUMB shid il beCaSeict i yig®r formed,
pi xel pitch d of the inage sensor 5 is used as shown
theFoptieal? (@)-padher 528Bki DYchit %H‘O@Jntd%‘éé@@ly be set
| ateral direction for Gis d (Figure 12 (b)), the
sa8pl ingdr¥efypy.in the lateral direction for R (and
B)

Now, the lowest Nyquist frequency fawill bedescribed.

Figure 12 shows the image sensor 5 arranged as a squared
grid. Inthiscase, if thepixel pitchdof thé image sensor
5 is used as shown in Figure 12 (a), the sarﬁpling interval
in the lateral direction for G is d (Figure 12 (b)), the
sampling interval in the lateral difection for R (and B)
is 2d (Figure 12 (c)), the sampling interval in the oblique
direction for G is ¥2d (Figure 12 (d)), and the sampling
intervalintheobliquedirectionforR (andB) is2d {Figure
12 (e)). Among these sampling intervals, the longest
sampling interval is the sampling interval 24 in the
longitudinal andlateraldirections for RandB. Therefore,
the lowest Nyquist freéuency faisl/ (4d) ,-i. e., the Nyguist
frequency in the longitudinal and lateral directions for

R and B.




is 2d (Figure 12 (c) , the sanpling interval in the
oblique direction for Gis 42d (Figure 12 (d)), and

the sanpling interval in the oblique direction for R
(and B) is 42d (Figure 12 ( %); Anong t hese sanpling
intervals, the |l ongest sanpfing interval is the

sanpling interval 2d in the Ilongitudinal and | atera
directions for R and B. Therefore, the |owest Nyqui st
frequehgyréal Bsshbwisddhe, iinage senser Ny@tinged as a 45°
frequency in the longitudinal and lateral directions

POl igReadiBired 2§rifi.guin tRishewsd,he f nHge SERSDrpbtch
arranged as a 45 oblique squared grid. In this case,

ih the {H%ebliidud diredbeod PhlHduenald ed My of ikhgsed
i mage sensor 5 is used as the pixel pitch d as shown

an Hhgpixed3pia)rh dide shawl LAFidaterval(a)) the sampling
|ateral direction for Gis '12d (Figure 13 (b)), the
sanplivag int ehval akerizhe didteialoflifacd 91 {oh l(Bi&ﬁ!B@ 13

B) is 42d (Figure 13 (c)), the sanpling interva n

(he) obthqueadpléely anthedival iih ENF1GHSdB d et 8O for
the sanpling interval in the oblique direction for R -

RanﬂndBB)i§52d26FNQHkﬁu%§ iﬁ)@c})fmpﬂg E?ﬁ?gﬁﬁﬁ?ﬁﬂﬂgkval

intervals, the longest sanpling interva
Banphé ngo i ngeeval re2d iidh thg ebligave @irhetd o f@) R and
ails

and B. Therefore, the |owest Nyquist frequency

044 AP Al SR S0ELEEIRH o (ana
B)Ma@e2§ S uPe A 5 ARYOM, AR mAYRLRL sampling intervals,
the longest sampling interval is the sampling interval
2d in the oblique direction for R and B. Therefore, the
lowest Nyguist frequency fa is 1/(4d), i.e., the Nyguist
frequency in the oblique direction for R and B. This is
the same as in the image sensor 5 arranged as a sguared
grid.

Thus, in this embodiment, when the image sensor 5
arranged as a squared drid or a 45° oblique sguared grid
(pixel pitch: d) is used to generate the output image,
the optical filter 2 is selected such that the first false
color occurrence region corresponds to values equal to
or above 1/(4d) and below 1/(2d) and the condition of the

above~described first or second color passing ratio is

 satisfied.




grid. Thus, in this enbodi rent, when the inmage sensor

5 arranged as a squared grid or a 45 oblique squared
grid (pixel pitch: d) is used to generate the out put

i mge, the optical filter 2 %s sel ected such that the
first false color occurrence regi on corresponds to

val ues equal to or above 1/ (4d) and below 1/ (2d)

and the condition of the above-described first or
seconiioen| an pasgimgy mattiiod witshtilsé i BlagingdbdeMwe 1 in
an imaging nethod with the. imging device 1 in this
thivediemdmdimen t beiddsérd kigkcMbadan object is taken
with the imaging device 1 in this enbodinent, the

| magiWiyehightobjeatt he obkeatwishfthstimahliawedek@ce 1 in
enter the optical lowpass filter 2 through the
thagienpopimenk , sylsé dmaly ik itdie: Frea fgeldfdct hatFirst
has entered the optical |owpass filter 2, spatia

&1 bquencites éﬂt@rftnauapwcraagimapags tthe teestt hrough
Nyqui st frequency fa of the inmage sensor 5 are mainly
e nfdgingeeptioglt oythempsedergbm nEdihi §UHENEYght that
characteristics. The imaging |ight passed thorough

hde enteeald ltow Passichil 18k—pdss S eg | ,

and B col or conpgﬁgnts by tﬁ?%ﬁﬁc§¥$F?%e?§ %ﬁ%ﬁ}afi

1 1r&gedn 8N ekhen RNELRLRGHRLY Ye g i Eﬁg%eoéhé%&é@'g‘ﬁyquist

sensor 5. Here, since fal'se Colors are considerably
8@y EAchY rhhe oRtHLal b QW BRSS i 14 €L re mainly cut off
according to the predetermined frequency 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,
the color reproduction ability for the output image is
significantly improved.

The image sensor 5 accumulates, as electric charges,
the iﬁaging light that has entered the photodiodes
constituting the pixels, and supplies the electric charges
as pixel signals to the output image signal generating
‘unit 6. Since the imaging light has been separated into
three primary colors of R, G, and B by the color filters

4, the pixel signal for each pixel is read out as luminance




2 conpared to conventional single-chip inmging

devices, the color reproduction ability for the

output image is significantly inproved. The inmage

sensor 5 accunul ates, as eLegéric charges, the

i magi ng |ight that has enter the phot odi odes
constituting the pixels, and supplies the electric
charges as pixel signals to the output imge signha
gaferatatnion vnnt obe Sifndehé heol orgi. NgTheght akirsoweepi xel
separated into three primary colors of R G and B by
shgnedlsozréidarerert dd ivhte Qixal adi @ieh barth€a¢ip Pbxekrter
is read out as lum nance - 27 information on one of
7hendobassedite rigad-0BU pi.xeBassidgbal $hay & Loveetiegixel
into digital data by the A/D converter 7 and passed
s0ghhd sCPYH: ERisel genidiat@sedbdegubi XRhgeSiGh&l s

the CPU 8 generates output inage signals constituting
tbaspibtelts mf thkepowlelw oifMBEe. olieplt SHhAGE. tHEre, since
nunber of pixels in the i mage sensor 5 used for
teeeiatbdigo £ @acke I Xalt i 1 hBgeUE P r BRRIRY FS8rfRinerating

T
| arger conpared to the conventional single-chip

- éavpi pgxdevoeeshet HatPOTOiMAAN 1of ddie 1Qutqult dSRESrESE to

significantly inproved. The ‘output image 'signals
1obé abpad et 1idi AhOVEy TROREY: b qn%?:%*xﬁ)ﬁl HSQaQ%SQUttI%
al video

signals of a digital Canera or diglt \ carmer a

o bot o R SHER TR AR S bR R bn dmprgved
will e output image signals obtained in the above manner
aresuppliedasoutput signalsofadigital cameraordigital
video camera provided with the imaging device 1 in this
embodiment.

Now, specific examples of this embodiment will be

described. Inthefollowingexampleslto5, theconversion

- ‘ratio in the resolution conversion processing of the CPU

8, i.e., the number N of pixel signals used for generating
an output image signal for one pixel, was determined for
different pixel arrangements of the image sensor 5 and
different ratios k (D = kd) of the pixel pitch D (= 1/Fs)
Qf the output image to the pixel pitch d (= 1/fs) of the
image sensor 5. In the following examples 1 to 5, as

described above, the optical low-pass filter 2 with the

frequency characteristics satisfying the condition of the




described. In the follow ng exanples 1 to 5, the
conversion ratio in the resolution conversion

processing of the CPU 8, i.e., the nunber N of pixe
signal s used for generating ,g@n_output inmage signa

for one pixel, was determ ned for different pixe
arrangenents of the image sensor 5 and different

rati os k %D = kd)_ of the pixel pitch D (= 11Fs) of

£RE SfuLBuB SCRigE Tl IR DI REIPFFS ERIdr 2 Eip| Wap Bbedhe The
i mage sensor 5. In the follow ng exanples 1 to 5, as
gedem pdd tadovd used MaieArTavgedstn fihe dapeyipattern.
the frequency characteristics satisfying the

condi tfF®¥AmBAet A& 28 first or second fal se col or

passing ratio was used. The <color filters 4 used were
arr angedtia eKamBdyerl paas esmown<krafploare 14, ttize image
exanple 1, as shown. in Figure 14, the image sensor 5

@5 sesed vias waedni pivhel ah péxe lar vangetr msngedquaresquared
grid and the ratio k of the pixel pitch D of the
guiguend frhge rtad thek ppkethei piked ofi tidke O rafet Isensotput
5was 1.5 (D= 1. 5d) . As can be seen fromFigure
imagei heetRe2pipiedepitsilgrbles Wiree ismngd etkri®srah was 1.5
out put image signal for one pixel, Nis 2.25. ,
BExatbpbd)2> Rs ¢dme bexapphef Pomasi gloavl 4,NsEingéer 2. 25, pixel
the i mage sensor 5 was used in which pixels were
aigaajedvasecassgipdreatl £@r i gh agdtphie iakige kigndDefor one
pi xel pitch D of the output

pixel, N is 2.25.

<Example 2>

In the example 2, as shown in Figure 15, the image
sensor 5 was used in which pixels 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
signals were sampled for an output image signal for one
pixel, N is 4.

<Example 3>

In the example 3, as shown in Figure 16, the image
sensor 5 was used in which pixels 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 4

(D = 44d) . As can be seen from Figure 16, since 16 pixel




image to the pixel pitch d of the i mage sensor 5 was 2
(D.= 2d). As can be seen fromFigure 15, since 4 pixe
signals were sanpled for an output inmage signal for

one pixel, Nis 4. <ExanplLey;3>_In the exanple 3, as
shown in Figure 16, the inmage sensor 5 was used in

whi ch pi xels were arranged as a squared grid and the
ratio i of the gixel pitch D of the output inmage to
I %81 VHF EchatiPded O L may©wepdbrimagassigngd £for one
4d) can,be_seen fromFigure 16, since 16 pixel - 29
§Fdﬁ§fs Met@ 48mpled for an output inage signal for

one pixel, Nis 16. <kExanple 4> In the exanple 4, as
shown“EX P& ¢1>17, the image sensor 5 was used in

whi ch_pi xel s were arranged as a 45 oblique squared -
grid aRdtPRe examd & bf 2hespowsl ipi tFolgui® of 7t hehe image
out put imge to the pixel pitch d of the inage sensor
SensP b (Was= uskRl)in wisichnpbredeenetreoavkiagel /s a 45°
since 2 pixel signals were sanpled for an output image
shgridlug grauamedigeid andsthe «B@Enplle & e thiexel pitch
exanple 5, as shown in Figure 18, the imge sensor 5 -
Rasfusde iomtphtchinpgel sowehe prinaiged tash ad 45f the image
obl i que squared grid and the ratio k of the pixe

pehsbr 5 was V2 (D= V2d). As can be seen from Figure 17,

since 2 pixel signals were sampled for an output image
signal for one pixel, N is 2.

<Example 5>

In the example 5, as shown in Figure 18, 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 2V2 (D = 2V2d). As can be seen from Figure
18, since 8 pixel signals were sampled for an output image
signal for one pixel, N is 8.

It can be seen from the above examples 1 to 5 that,
irrespective of the manner of arrangement of the image
sensor 5, the number N of pixel signals generated by the
image sensor 5 correspond to one ocutput image signal is
- expressed as:

N = k* = (D/d)? = (fs/Fs)? .. Formula (1).




D of the output inmage to the pixel pitch d of the
i mge sensor 5 was 242 (D = 242d). As can be seen
fromFigure 18, since 8 pixel signals were sanpled
for an output image signal £Qr_one pixel, Nis 8. It
can be seen fromthe above exanples 1 to 5 that,
irrespective of the manner of arrangenent of the inmage
sensor_ 5, the number N of pixel signals generated by
the ThBgéageddag Sfeorvespynd st @ orndoueptputmigage is
signal is expressed as: N= k2 = (Dd)2 = (fs/Fs)2 '
BEPFFISEAL)a8D  The sanpling frequency Fs of the
output imge is expressed as: Fs = |/D = 1/(kd) =
fs/k FFormul/® )L/ (kheref 68€k i n- t Ferexdpl €)1 to 5,
the relationship between the frequency of the pixe
si gnafkeygeferarednbyhet keampdgss skertsors,5 tlenddletionship
maxi mum frequency Fs/2 that can be represented in the
betpeen whge fire@sestpwifi bhEi gikel ¥9grkird hgsne sabed by
the frequency F of the output image 1is proportiona
thet hwabgeeearmyr f 5oénthehpi xed x Wivgnaf e goeneratmd/ Dyt hat
the i mage sensor 5, F = f/k. Thus, if kis set to a
vah e abpreskrled he fhequansyt finkfgd he 4 9B@@wSeASIgure
5 required to represent the frequency F of the out put
19mgeFecathbe, | ewncBhithel f09guéheyr eselfuthen ceftgdte image
_output image to be relatively inproved.

is proportional to the frequency 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 frequency f of the image
sensor 5 required to represent the frequency F of the outpuf
image can be low. This allows the resolution of the output
image to be relatively improved.

According 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
also the optical low-pass filter 2 significantly removes
~false color components. This provides a conventionally
unachieved superior effect that the color reproduction
ability and the resolution ability can be improved to the
level of a three-chip image sensor while the simple

single~chip image sensor 5 is used.




According to the above enbodi nent, conpared to
conventional products, a |arger nunber of pixels of

the inage sensor 5 are set per pixel of the output

i mage, and also the optlcal3iOMFpass filter 2
~significantly renoves false tolor conponents. This

provi des a conventionally unachieved superior effect

that the color reproduction ability and the .

resol Thedmadih§ de wiare be damprdiegl toot hdgrdsened inteation
t hree-chip i mage sensor while the sinple single-chip
isagetséhmdtesl it tded abdire ~Hees ¢ nbige dgeflibvdécht but may
according to the present invention is not limted to
bremalddis-atbsesi beo remdditent but may be nodified as
appropriate. For exanple, although the enbodi nent has
been Faeseriampd f oraltitoaghpuhel g PAGEHLORaSI bR
pixels, this is not alimtation but an output inage
dasedibrd rixst abgel antpivte!iSndBy BeseaNorIWAth @b ixels,
output. In that case, the sanpling frequency wll be
thitedentndt 4 heimbeagiibwdigial £hre66tbor aMhdd'®ased on

|ateral direction. The illustrated inmage sensor 5 has
thetanygilRg piixelIs ﬁl&i@aﬁﬁe@onBigﬁr%qyéh%doﬁbetor 2n4Chat
oblique squared grid, and the illustrated col or

Eabspr shé @ﬁn@liﬁ?gfﬁiehﬁeﬁﬁ% BAVEl bRAHL S HL r HVEME ¢t he
this is not ali ation but "the present invention is

Bb39i eRRLnGAbI £ MOeP; Bhheh A HRANJRIROL§ 1258 381 185H €d-The
illustratedimagesensor!ihastheinmgingpixelsarranged
as a squared grid or a 45° oblique squared grid, and the
illustrated color filters 4 are arranged in the Bayer
pattern. However,thisisxuﬁ:alimitationlnn:thepresent

invention is also applicable when other arrangements are

selected.

Industrial Applicability
The present invention is useful for an imaging device
that takes an image of an object with a single-chip image

sSensor.




I ndustrial Applicability The present invention is
useful for an inmagi ng device that takes an inmage of
an object with a single-chip imge sensor. - 32 -
CLAIM5S 1. An immging device, _conprising: an inmaging
optical systemw th an optTc% Fow pass filter having
predeterm ned frequency characteristics; color
filters that separate an inmaging |light passed through
the i magi ng optical systemrimimspredeterm ned col or
conponents; an inmage sensor that photoelectrically
¢enveht simbgingmasngce | ghbmpasiseichd hrough the col or
filters to generate pixel signals; and an out put

| mageasi finab iggnepatidyl Uy s tbhat i genemateds i @l PUbw-pass
I mage signals based on the pixel signals obtained

filometrhdrdvings Se886terthiefed NfEBQuEheYUP R racteristics;
characteristics of the optical Iowpass filter are

set idoBoghfalvey st Baktaskigasiatfdl S G PInPabPRY passed
ratio is not higher than a specified value, “the tirst

tRF8@gheH O mBIITJ Gt RERA & Pl AL INRG éﬁ@dé@%irﬂli‘hfed color
frequency conponents allowed to pass through In a
EomEBEBEY sgonponent  region not |ower than the Nyqui st
frequency for the |owest sanpling frequency anong

sanpldm @ rfd fAULIE &5 ﬂﬁbﬁqﬁhotoelectrically converts the
imaginglightpéssedthroughthecolorfilterstxagenerate
pixel signals; and

an output image signal generating unit that generates
output image signals based on the pixel signals obtained
from the image sensor, wherein

the frequency characteristics of the optical low-pass
filter are set in such away that a first false color passing
ratio is not higher than a specified value, the first false
color passing ratio indicating the ratio of frequency
components allowed topass through in a frequency component
region not lower than the Nyquist frequency for the lowest
sampling frequency among sampling frequencies in the
longitudinal, lateral, and oblique directions for each
color component in the image sensor, and lower than the
Nyquist frequency for the sampling frequency of the image

sensor, and




| ongi tudinal, lateral, and oblique directions for each
col or conponent in the image sensor, and |ower than

the Nyquist frequency for the sanpling frequency of

the i mage sensor, and - 33 éh@ out put i mage signals

are generated fromthe pixel™ " signals generated by the

i mge sensor so that N pixel signals (Nis a real

nunber of 2 or above) generated by the inmage sensor

cor r espR i i bridiage pitgnakg e rsi grakrat.edife dmadengixel
device according to claim1, the first false color
pagsrAg Fenevatsddey the imalgesenselrosw tBa A pilnmdi siggnals
devi ce, conprising: an imaging optical systemwth an
O6Btisad nepnl prysbetidfe? dravdibuyer epeierataddby the image
frequency characteristics; color filters that

separat eocardgmygndgtbi gnte pasged: t hmaggh stihm& Inagi ng
opticcal systeminto predeterm ned color conponents;

an i mage sensor that photoelectrically converts the

I magi ng |ight passed through the color filters to
enerttee imagthgsidgnalcs addopdinyt pet diwge ) gnal
generating unit that generates output inage signals
basedhen fihestpiteel s i b 8 PhEfingdratiemikhgetNBge0. 4 or
sensor, wherein the frequency characteristics of the

leplowal | ow pass

3. An imaging device, comprising:

an imaging optical system with an optical low-pass
filter having predetermined frequency characteristics;

color filters that separate an imaging light passed
throughthe imagingoptical systemintopredeterminedcolor
components:; |

an image sensor that photoelectrically converts the
imaging light passed fhrough the color filters to generate
bixel signals; and |

an output image signal generating unit that generates
output image signals based on the pixel signals obtained
from the image sensor, wherein

the frequency characteristics of the optical low-pass
Hfilter are set in such a way that a second falée color
- passing ratio is not higher than a specified value, the

second false color passing ratio indicating the ratio of




filter are set in such a way that a second fal se col or
passing ratio is not higher than a specified val ue,

the second fal se color passing ratio indicating the
ratio of - 34 frequency comppnents allowed to pass
through in a frequency conponent region not |ower

than the internedi ate frequency between the Nyqui st
frequency for the | owest sanpling frequency anong

EERQGUSIE Y FORRERGIES R ALONED bn @it haPUGh i aratequency
and oblique directions for each col or conponent in
FREPO EeH6Rn el kane Nfhasthe dairregdiatetfreequency
sanpl i ng frequency of the. image sensor, and | ower
briHeeme g Jivetistefuemeriey foe thapliowe st epmpting
of the 1image sensor, and the output inage signals are
fERargney ARBROtIRMPL kB0 fE¢gnansigenéndifeal lopngitaidinal,
i mage sensor so that N pixel signals (Nis a real
- hakBér lof apdopbibawve) dgemertitans ot ke ¢hmage o sergmronent
correspond to one output image signal. 4. The inaging
Hevthe dse@cdiswnsoercandmtBe thensesonfirégusecyolfarr the
passing ratio is set to 0.2 or below 5. The imging
rp Lengcdoedivenaw ef athel imaNe (dséds) 2andhaoeiar ftshan
is the sanpling frequency of the i mage sensor and Fs

tilse theasaapl Engaleequentyr dfhansamp bihgi fRgeufedid®hbf the
by the output inmage signals.

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,
the second false color passing ratio is set to 0.2

or below.

5. The imaging device according to claim 1,
N = (fs/Fs)?,

whereinfsisthe sampling frequencyof the image sensor
and Fs is the sampling frequency of an output image formed

by the output image signals.

6. The imaging device according to claim 3,




6. The imagi ng device according to claim3, 35 - N =
(fs/Fs)2, wherein f s is the sanpling f requencyof the
i mge sensor and Fs is the sanpling frequency of an
out put image formed by the Qgtput i mage signal s.

N = (fs/Fs)?,
whereinfsisthe sampling frequencyof the image sensor

and Fs is the sampling frequency of an output image formed

by the output image signals.




