-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

Background Art

Co-nventionally, 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



t han doubl e the spatial frequency of an object to be
taken. That is, if the spatial frequency of the

object is higher than the Nyquist frequency of the

I mge sensor (half the sanpl i&pg_ frequency), false

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

t he boundary of a light portion and a dark portion

of the object. Therefore, an optical - | ow pass filter

i $hapidoablly previmetiah fhegophicgad £ pat bbjeictht bt taken.
cutoff frequency set to the Nyquist frequency of the

| Mge: Sensar, tae tbat ithe firragiagy ighthdi BE8ElRd ilOhigher
the i mage sensor is filtered. As a conventi onal

| tEgimg e Wyes iconf f gugednwit Brathsi N@kg=ChbRsicPq821¢ the
sensor, -an invention-described in Japanese Patent

L ai £t Oppny Keve fraldd 380 msS@@mqq:@geg@@r #&REEBY may oceur
Docunent 1). The invention described in this

SRECiNfd Al Ois M@l OhYa kNch8desuaRak-RR8e 88M$8htObortion and
single- or two-chip type and a | ow pass filfer

,_-ChiC@ékkh@@ﬂﬂi6ﬁeofCQHﬂgfoEﬁ%QHﬁnCyTﬂgkeﬁbgggrJLgaBptical

hal f the sanpling frequency and detecting vali

G1and B £ anponent sy fr oo Vi ; -
anplifier circuit .lSSPgtyceﬂr?tc%%g%%?Q%ggﬂaiprgﬁtg]seeo f:litlecn‘z’tl path
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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
(?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
fxeéuency 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



Patent Laid-Open No. 6-141330, an output image is
formed so that the pixels. of the imaging sensor and
the pixels of the output image are in the ratio 1: 1
or 1 :2. Therefore, each plxgl form ng the output

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

R, G and B fromthe i mage sensor, and signals of
the other two colors are interpolated from other

pPxeéstatauddObatn poxek;-120 33@! &t ceabbe s gk :Ltshfﬁormed
the output color i's estimted. Thus, while a

t bo eehahi phnBge sSensar m@/elm@@yﬁ?sSéﬁb&% eolO0khe pixels
because each pixel receives signals of RR G and B

acSithyl euehup ihABgR ELNEAnE P MeS - didfHCWl tY TR raFore,
reproduci ng exact colors and tends to cause false

C@é@h%lﬁ@!EB@mﬂK@ﬁh@%@ﬁp@ﬂiﬁa?@%dﬁ??éﬁb%@es%?eutput

causing the tendency of false colors poses a pro

thagnadsoshawy Joe RiOU e @ 0knd, BtPEOﬁUEHEf mage sensor,
frequency fc of an optlcal | ow- pass filter ﬁas no

begn able.19 be sl Jawer (Lhanhald ;Ljée ?1] ﬂc{:}gated from

-frequency (Nyqui st frequenc of ever

eé@ﬂ@ke 188 1shown, i ﬁdF$9# %1 éﬁ“’é% {ﬁgaagtlw% ebe said

sensor |n whi ch col or are arranged in a
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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.

Fer example as shown in Figures 1 and 2, for an image
sensorlnwhlchcolorflltersarearrangedlnaBayerpattern
on.imagiﬁgjpixels 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



4 fcis set to a value around fs/2 (fs: sanpling
frequency of the inmage sensor) with respect to the
sanpling frequency in the Iongitudinal and | atera
directions for G because G has a high effect on
vision. Wiile this cutoff frequency fc can filter
out unnecessary high frequencies in the |ongitudina
and lateral directions for G it passes frequencies

hifghers tshan tiche Ngquiest rfonegliency? i (f$¢ hesanpling frequency
| ongi tudi nal and | ateral directions for R and B and

t het tNpguhse foeequencives i Retibe cabt baue: damctinenrF8kuency
R, G and B. Therefore, there is a disadvantage that

piXekhesigRalis dadmdhesel ekl s Al Nt PEPErdY ¢, because
estimated and false colors tend to occur. The

00T HERENER Of cFakse 6Rharsi QI emeD1 6Q10rs PRY. BE frequency
prevented by setting the cutoff frequency fc of the

optd Cakn FQWiRASSHEE | hah LR Al Ui havwer-dhat
thU|stnfrequency for tﬁe sanﬁ??ngl reng%cy |%ﬁ§ﬁeln the

| qr&kéﬂ@ﬁﬁ@haﬁndaﬂc@t fé%leraq' rggﬁfb‘&rﬂﬁon‘y R.and B’lt passes

which is the | owest -sanpl |ng requency anong t'hos
f B. ;
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pattern on

‘aréggggd asfhere oroeb,!lgng%qulasr ed r:Llsdaévpa1r1X'l:¢51ge that pizxel

signa_lls for 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



pitch: d) , the cutoff frequency fc of the optica
low-pass 5 filter is preferably set |ower than the
Nyqui st frequency for the sanpling frequency of
every color. In practice, to _avoid sacrificing the
resolution, the cutoff frequeﬁcy c is set to a value
—around fs/2 (fs: sanpling frequency of the inmage
sensor) with respect to the sanpling frequency in

the 1@kl gye, dhrectio gerc Gwhecatsg G0 Dighe .
ef f ect one%|3|on l e thlg cut of f fregﬁgﬁéy fc ﬁiﬁﬁency

ficbtet haukampan: Q;e%%@hé'ﬂc?{‘ %gggt%f‘f'@él&@ Uhen practice,

obl i que direction for requenci es
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directions, 1.e el ongltudlna and
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I que directions tor t her CO| ors

1pealon age'éstﬁertol}%‘ ngﬁlsagéantage uared gpgfrequency
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these colors are not pr est |
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S|n le-chip type will not occur if the imge sensor
&ﬁﬁ%ﬁr%’fﬂlfl&h%%teﬁrt%%%cEﬁPﬁsteree H5 ngitudinal
th|s wi |l pose, anot her

and lateral directions, and in the longitudinal, lateral,

and oblique directions for the other colors R and B.
Therefore, as in the above—-des'cribed squared grid
arrangement there is a dlsadvantage that pixel signals |
for these colors arenot properl&estlmatedand false colors
tend to occur. Conversely, the occurrence of false colors
may be prevented by setting ﬁhé cutecff frequency fc with
respect to the sampling freqgquency of the RandB corﬁponents .

Howevet, this poses a probblem that the resolution of the
Voutput image 1is reduced and the imager is blurréd.

The problemof false colors as seen in the singie—chip
type will not occur 1f the image sensor is configured to
be of three-chip typé. However, this will pose another:
significant problem that the complicated mechanism will

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



~significant problemthat the conplicated nmechani sm
will lead to the increase in size and wei ght, which
goes against 6 the need for conpact design. The
three-chip type will also have a probl em of
requiring nore strict positt+ofitig accuracy because
m sal i gnment in conbining signals output fromthe

i magi ng sensors for the respective three colors wll

kehidecaaiss g Ol sarat 0 L0 ATRER T BEEOETL 1.,
' t ' l-magi ng. devi bl e . of e
0al 2 PEDIB AN ETIAE SRS E0PP0LE T Lestioning
| uti bi | i he | | . of -chip i
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sensor. An. i magi ng devi ce ﬁccor ing to the present
invent?%ﬁ)lm%g'ﬂglﬁﬁpﬁﬁFsa °fnh Pngeéﬁﬁp$$vﬁﬂﬁﬁ4ﬁﬁ colors
wi th. an, ical |lowpass filter having predetermn ned
f?%ﬂbeﬂ&ggaghgfhd%%ﬁ? t#c91SQ8I06T i tlehs imageBayer
arrangenment that separate an imagi ng Iight passed

throug § RS TRIGF ngRVEPELeR st ipece to solve these
predeiernined col or conponents; a single-chip inage

- ehdt CPRafPShtidet det rPEar Lyec gavdmaginhedpmagengapable
l'i ght, passed through the color filters to generate .

PP X e M EIgHa T &RE aACdGEpUE cPRRgeCSiigmal abgéndmat émg the
unit that generates output image signals based on

t Fes pi WEL 08 el 5t phcat hed efvoht e thage-sérigoimage sensor
wherein the frequency characteristics of the optica
|\@lw.bgsgsing & simple single-chip image sensor.

An imaging device according to the presént invention
is inclu_ding: an imag:_i.ng optiéal system wifh_an cptical
low-pass - filter having precdetermined frequency
chéracteristics; color filters ina Bayer arrangement that
separa-te an imaging light passed through the  imaging
optical system into p‘redete-rmined cclor .components; a
single-chip image sensor that photoélectrically converts
the imaging light passed through the colcr filters tor-
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
fiiter are set in such away that a f-irst false color passing
ratio is 0.372892484 or less but more than 0, the first

falsecolorpassingratioindicating the ratioc of frequency



filter are set in such a way that a first false color .
passing ratio is 0.372892484 or |ess but nore than

. 0, the first false color passing ratio indicating

the ratio of frequency 7 conponents allowed to pass
through in a frequency conponént region not |ower
-than the Nyqui st frequency for the |owest sanpling
frequency anong sanpling frequencies in the -

| opghbudnnal .y | atenals naud obLigue i Lestigns for
eachb col or conmponent Tn the |naggJ%E%§%¥¥B§ﬁﬁxfgﬁﬁponent

t ha iBH%l'N%..éﬂ freauency for the sanplin

frequency o q#%e Fﬁgbe ggéﬁggg}sgh r?ﬁgggﬁﬁggPrﬁﬂﬁaéOWGSt
skgpnahs .ar ed from the pixel signals |

gene?atgg g;g% eéﬁéggéﬂggﬁéoﬁaﬂﬁi%ﬁﬁ %ﬁ%&qﬁQCles in the

si . N_i.s a-.real nunber of or above ener at ed
bygﬁﬁééFﬁéééﬁge%ﬁﬁe%%rreéﬁgn&q QHﬁaéﬁE ﬁglpﬁﬁgéor each

siLgpal.. .An Bna in%ﬁg I ce, _according to the present

i AVEnti 6" PrE el f?ﬁﬁ %Wﬁgﬁaﬁ?ﬂgOSptP€§l1§Wﬁﬁﬂﬁhan the
m&th an_optical Io¥ﬁgass filter having predeterm ned

_fr%%ﬁ%ﬁgygr%ﬂﬁ?ﬁgﬁbrP,t?%%fs%%PéFnﬁif?%ﬁ%ePﬁYaOBdV@?lmage
ar r angenent tﬂgt separate an imagi ng |ight passed

tﬁ?%ﬁgﬁ'tﬁEdi §i A TROPt iddLA SRyt 8RrilAt 8Te generated from
predet erm ned col or conponents; a _single-chip inmge

SERS P 1 ¥ RAt SHABEIS &9 FY BBnvEet sMagke siemEgimEo that
| i ght passed through the color filters to generate

Pt PetZes §Aans:l sanl am aotiepltniwhgs of gnat ahyener gimgated
unit that generates output inmage signals based on

t e Hisémagicgpans cgbearnes farohttiveoh rapet sehsiorage signal.

wherein '

An imaging device according to the present invention
is including: an imaging Q@tiCal system with an optical
low-pass filter having predetermined frequency
chaiacteristics;colorfiltérsjjlaBayerarrangementthat
separate an imaging light passed through the imaging
optical system into predetermined color components: a
‘single-chip image sensoi'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
onthepixelsignalsobtainedfromtheimagesensor,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



the frequency characteristics of the optical | ow pass
filter are set in such a way that a second fal se '
color passing ratio 0.194113388 or |ess but nore

- than 0, the - second fal se color passing ratio
indicating the ratio of 8 +r&quency conponents

al l owed to pass through in a frequency conponent
regi on not Iomer t han t he internediate frequency

freegﬁgngg}%d}b/ ShebTAHANCY dcoha LD L oveRt 53 AL LW ency

quency~ anong sanpli I es
I er que. directi
R T onél taiw%?h%ﬁ? i 4BResHe gﬁna%engrequency
I st_frequ u of t he
Wn%%‘éeeans?%% %a%% o1 Sl HERE The ﬁ@ 6% Fr¥egbnegnoling
! the_sa ncy. o [ e sensor and
ChE°GERGY Thege < %ﬁﬁ%gqaﬁree%%ﬁ%i:aﬁadl s g tudinal,
I\i[xel signali gg erate é the i e sensor so that
PrREF f@ﬂ KAFE GFESI- i Proeaﬁhoeoé@av@ymponent
genergte by the lnage sensor correspond to one
|FF§'§@S‘T’%‘EH%\P Bt Helf frob 8 Iuits Tt rferef:ﬁﬂé%e‘ﬁy for the
invention, N = (fs/Fs)2, wherein fs is the sa
£7oHHehRY éﬁfem@n%g% skhgoimagfy Ei%nﬁ%rth@nénﬁﬁweﬁg than
frequency of an output image forned by the output
i FageNERhars TrACeT i hg 0 the prBREART Aveamiesy of the
both the color reproduction ability and the
rb@@gétﬁ%ﬁsﬁﬁvlﬁﬂﬁ BAA petput 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 eorrespond‘to oneroutput
image signal.
Furthermore, in the present inventiocn,
N = {fa/Fs)?
whereinfsisthe sampling frequencyof the image sensor
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 the level of a three-chip image sensor while

a simple single-chip image sensor is used.

Brief Description of the Drawings



improved to the level of- a three-chip inage sensor
while a sinple single-chip image sensor is used.
Brief Description of the Drawings 9 Figure 1 is a
schemati ¢ di agram showing a rel ationship between an
i mage sensor and an output +nfge in the case of a
conventional squared grid arrangenent; Figure 2 is a
schemati ¢ di agram showing a rel ationship between the -
cut of f.f CY _O n .ical _|owpass filter _and .
t he Nf&ﬁﬁ%%y??g%geégﬁepggagagﬁaggﬁgys-%w%ﬁge%agéagﬂonshlp
t nventi onal squared: grid arrangenent; Figure 3.
iggg&gg eﬁ%t%@agﬁagfgﬁv§%gﬁT§ga% ?%E8g§0ﬁ§ﬁ9§ 1 the case
begmeen an inﬁgg ensor ang an ,out put iq%%e in the
CaSet 6PTEBGAVENLT onale 45 ot Gue SR TS BEF d
arrangenent ; Fjgure 4 is a schematic diagram showi ng o
a rel dti BHship' > Bet GRERALRE CLEBFPIfTitieRe)s 6F lakionship
optical lowpass filter and the Nyquist frequency
 PBPCEEER 'C6t GRTGE 1 fie SRETOr Ot Re Rdvent ilonaTbags £11ter
~oblique squared grid arrangenent; Figure 5 is a
seh@nbb e cNUARgPamiSIF M IR Ant @hbBaFReAP L OGF ian the case of
i magi ng device according to the present invention;
FFQEir e°87P8td SScHenad i e TaPagrad sHovimgesentr filters
arranged in a Bayerrﬁatte(n in an image sensor of the
errbodihﬂéﬁ%r;e RFi jures Zhpnaiischéraries ohagi amashewiandonship
pi xel s arranged as (a) a squared grid and (b) a 45
obefygensguatBagg isensor and an output 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 diégram 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 squafed 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;



in the i mage sensor of the enbodinent; Figure 8 is a
di agram showi.ng the rel ationship betmeen fal se
colors occurring in the inage sensor and the spati a
frequency; 10 Figure 9 is a diagram show ng
frequency characteristics ofOthe optical |ow pass
filter in the case where false colors are reduced"
mai nly by the optical [|owpass filter; Figure 10 is

di h N t

Z‘pt OB R o0, e ARt S G Of APepency
SEesnr %aa%%‘ti%%iéf SasSTRE Fat S5 EPgare! ""%%ggaigﬁj the case

%‘aﬁ"e S LRE éﬁ*?%?%ynr%ﬁ@é% S8 Hef cofaiigs optical

‘colors are rfduced primarily with i mage processing

gﬁ "I RS aht-WFER | ess i ntensive filtering by the

optical |lowpass filter; Figure 12 is schemat i
diagrgﬁ9§ﬁ§m né%(a)lﬁn |$Bg|¢&ﬁgﬁ??el %h?%hng(b)g%equency
sanpling interval in the Iongltudlnal and |ateral
&h@%ﬁQQﬁﬁl$BFcéoﬁE?eQRﬁﬁﬁﬁ ﬁ@Wlﬂ%ﬁ%gFltﬁr¥Wﬁlemented
| ongi tudinal_ and | ateral directions for R and B, (d)
o N3 ht epvafie PATERA "hI due” Tt et FRrce bprpassing
and (e) a sanpling interval in the oblique direction
it iR 2@ 8 FRCcORE ififdgee SEAIOF i SEHITEh THel @bl or
filters are

Figure 11 is . a diagram showing freguency

characteristicspftﬂm&opticallow—passfilterjjlthecase
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 squared grid; Figure 13 is a schematic
di agram showi ng (a) an inmaging pixel pitch, (b) a
sanpling interval in the longitudinal and |ateral
directions for G (c).a sanpling interval in - 11

‘the longitudinal and |lateral directions for R and B
(d) a sanpling interval in the oblique direction for

a g ter in the ob
B B R R N G
the color filters are, n the, Bayer pa tern
o e Y s ;A %ﬁvdlﬂa%u S5robrighetor 6, and
uared grid; Figure 14 is a schemat.i c di agram
wihgSTRBLIPE) it p bRt h8En O Jige Sepsbpn for R
and an output image  in exanple 1; Figure 15 is a
§Eﬁ%ﬁ%ﬂﬂbtﬂF%dﬁ%mﬁ%rﬁﬁﬁ?@Ft%% W?éFQthﬁsﬁPﬁoﬁefﬁééﬁrs are
t he i mage sensor and the output inmage in exanple 2;
ﬁ%ﬁﬁ%g%@%Qﬁ%@@ﬂ%ﬁﬁ@ﬁEtéFé@ﬁ&#ﬁﬂﬁﬁ@%@nﬂﬁéX91Saffanged
rel ati onshi p between the i mage sensor and the out put
iafage 4bh exbhphe SJuRirgut egd¥dis a schematic diagram
showi ng the relationship between the inmage sensor
and t Récoutputl 4 ndge a nsetwmpreld; Figoremi8shewdang the
schemati ¢ di agram showi ng t he
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



rel ati onship between the inmage sensor and the out put
image in exanple 5; and Figure 19 is a diagram
showi ng the relationship between the frequency of

t he pi xel signals generated by the inmage sensor and
t he maxi mum frequency Fs/2_tRat _can be 12
represented in the output inmage in the exanples 1 to
5 of the enbodi nent. Best Mdde for Carrying Qut the
I nventi on An enbodi nent of an imaging device 1

T AFRGTEE e Fhs SRR UT nd&dESor Twi e beX@EBEEEbAd tO 5
beIOM/using the drawings. Figure 5 is a diagram

showrhg FBPA nts of the inmaging device 1
according to the present invention. The .inmaging

device 1 according to the present invention

i ncludes: an imaging optical system3 with an optica

| B paledei Frgr Carrolny Pitt éhe 4Arttentseparate an
imaging light output fromthe imaging optical system

3 intén prbdetigrarined eol bragémgodentisz amdomygeing to the
sensor 5 that photoelectrically converts the inaging
IBghtephsseenthionghwihe ba odebiclrtidres] dbtdogenestt® the
pi xel signals; and an output inage signal generating
uwhigwbnghat generates output image signals based on

the pixel signals obtained fromthe inmage sensor 5.

Each cunporerit iisnat 8isgenbodimenitn ginld irbe gesatdbesd 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 separaté an imaging
light output from the imaging optical ‘system 3 into
predetermined color componénts; an image sensor 5 that
photoelectrically converts the imaging light passed
through the color filters 4 to generate pixel signals;
and an output image signal generating unit 6 that generates
output image signals based on the pixel signals obtained
ftrom the image sensor 5.

Each component in this embodiment will be described
in more detail. The optical low-pass filter 2 is
responsikble 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



in nore detail. The optical |owpass filter 2 is
responsi bl e for suppressing high spatial frequency
conponents of the imaging light. The optical | ow pass
filter 2 has predeterm ned frequency characteristics

and is placed ahead of the iymge sensor 5 on the

optical path 13 of the imaging light. Means with any
structures capable of cutting off certain high
frequencies of the imaging |light, such as a crystal

fPFt eR e okMATHRESf LABhton Yrafishy i thhaye stigsed tas asheapable
optical |owpass filter 2. Besides such structures :
capaBlétéfndc R neebEfini §h oy ejuemetesiof pliethe imaging
~imaging light, nmeans capabl e of defocusing the

i hbghhg SHE§hes i rectsir i Ciheeirmuge défsaradd imy dreting,
used. In this enbodinment, to reduce fal se colors .
pRaHUred sayas i s ampliiasgl Lowpe safigétsendor Beshdes such
frequency. characteristic of the optical |ow pass
fftrert2ries sepaltle afspetifingdoddl heghsf medl:eheies of the
described later so that frequency conponents causing
th@agahgeLﬂghvsfmm@nssuppa@ﬂﬁxbfT@@f&ﬁashﬁgran@i@maging
system 3 is responsible for guiding the inmaging o

| Lgbhtt ditdeetiemigec sehsotma.gd nsdihd Srepbadiymeat s dde

i magi ng optical system 3 includes devices such as a

shoot i g ttens emisoanmenty, ated redic@f fraflidd b1 A% Wldduced
as the optical |owpass filter 2. The infrared

chy- offe f kbl i usedcher Tuigengaidothe,iniraredoncy
entering the
- 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,
Vthe 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 wused 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



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 pixels constituting the iqmmge sensors and are
responsible for filtering the imaging |ight to nake
it into 14 predeternm ned col or conponents. As
tricolor filters of a first, second, and third _
cBFEFS SN eNeRt F RGO FheCRBPBRUS 1 t s t4,1qhier filters of
enbodi nent uses primary-color filters of - R G and
B2 fﬁéSFna§§C§@ﬁgo@n§-ﬁ@lﬁﬁbﬁﬁﬂéﬂﬁfémﬁﬁementing the color
phot oel ectrically converting the received i magi ng
| fgHc et Ehdét b OChEgEt MiThatd igme endcolor filters of
accunul ating it as charge content, which-is output
t8:tfe GUtPUR- i mage signal generating unit 6 as
electric signals. The inmage sensor 5 has pixels
(phot oBihedes i m@geangesienfoa pr édet ef & nede spatiseirdl,e for
and the color filters 4 are arranged regularly in a
pPadétcerr ciedi pal L gr ncometrhe nhdther eweptiwed simd @eg 1ight
of the respective pixels. Generally known pi xel o
ainangensttphtt enagei nolfudena: sopaend geictmulating it as
arrangenent as shown in Figure 7(a), and a 45
obhiaguee squared gwhd chat s angepent: @s shewApiut Haggeesignal
7 (b) obtained by rotating the squared grid :
agp?]mgammg hyn #5.6 Hie eQualciit i & reagen 1 gnal TeeNBf At E NGensor
uni i's '

5 has pixels {photodiodes) arranged in & 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



responsi bl e for generating output inmage signals by

subj ecting the pixel signals obtained fromthe pixels

of the inmage sensor 5 to A/ D conversion and vari ous

ki nds of inmage processing. The output inage signa
generating unit.6 is configyrmed with an AD

converter 7 and a CPU 8 (Central Processing Unit)

and electrically connected wth the inmage sensor 5.

The A/ D converter 7 converts the 15 pixel signals,

vhi tflafé daddicog et riEespgrdla skgetrargbtarals, into
data. The CPU 8 generates the output inmage signals
bYigiubpéciahy- t HEhALCH U gvera ealt phtdle sigpalsinage signals
various kinds of image processing, such as optical

b dckulpl cessionghe WPt echukaricel prictes siingya olmr various
correction processing, color interpolation
pkbodssihgrapeimeocedathgersuphecespt ngaledpeck processing,

- enhancenent processing, gamma correction processing;

andi tesbhlikingre qonvesssdngpr acdssi ngor Heceiont beocessing,
conversion ratio in the resol ution conversion

protessi ngnice rpetl dinicauch arvaysthalg,N pnxelsessi gnaldiction
(N is a real nunber-of 2 or above) subjected to the

AbDoceesnverssi sdgeariespoate he ©NecONERYY , | F@Eea correction
signal. Although the output inage signal generating

uptbcssiingonhibgueedivictibrt BenCGRI B d ptrice ssing. Here,
enbodi nent, this is not a limtation. For exanple,

theeoutpul cir¥agm Sixgitalc generabkengruBbl u@ MY R&nversion
configured with a DSP (Digital Signal Processor) or
ap hacdwistied liadidet Ofn theckV P GARVenkedN 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



pi xel signals may be taken into a PC (Persona

- Conputer) to cause various programs to performthe

above-nmentioned inage processing. Now, description
will be given of the relationship between the
frequency characteristics of the optical |ow pass

“filter 2 and the conversion ratio in the resol ution

conversi on processing of the CPU 8. As descri bed

above, to reduce as nuch false colors produced by

t k8 SaApHFMAgGS SEES9h 1 IS ipmgelibémsorhs sasnposkimtnt cuts
this .enbodi nent cuts off frequency conponents | ower

t hah fhedaNphoystohpegeensyloter thensanplNyguist frequency
frequency fs of the image sensor 5 (hereafter

r éber ridek t saap ltthey | fragausensor IRy quif sthef riegugacyensor 5
fs/2) , which have been allowed to pass through in
cdheertiidrat irmeEgimgedewicces.s Speei fimabky, sassshoiygquist
in Figure 8, frequency conponents not |ower than the

Ny ereigste fae usetitly, fvdridchenavovieseén seahpbiwvad toeguencynhrough
anong the sanpling frequencies in the |ongitudinal,

| ateralnveand ohd i qlieadiitectdeonscéor  each col or

conmponent in the inage sensor 5 (hereafter referred

to as gpechowesti Nyquisd forespencyn f &y g@hecagise frequency
fal se colors. Therefore, the frequency conponents not

| @weip driat 4 heot onest rNy 8ISt Hig SQUANCY: far&f8ency for the
suppressed by the frequency characteristics of tﬁe

Optdwedt |5%Wgﬂa_i§r$g fid §@&ndyandohher h BBOEPT 94§58 OGuencies
of the CPU B. :
in the longitud_inal, laterzal, and obligue directions for
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 frequency 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



However, suppressing frequency conponents |ower than

the Nyquist frequency for the sanpling frequency fs

of the inmage sensor 5 reduces the resolution of the

pi xel signals generated by the inmage sensor 5. To

prevent this reduction in_thTngsolution, this

enbodi nent sets the conversion ratio in the

resol uti on conversi of processing -.of the CPU8 in

such a way that N pixel signals (Nis a real nunber

ofof2s empaboye) igenet dtretd s drhec T Mage rewrmornd 50 one pixel
correspond to one output imge signal. Thus, the

nurfbehe cutpu ot msarpbe ngsesmwhen aageesensdth® resclution
correspond to one pixel of the output inage becones

t wa Dheahovwe; t anchdehesriesot el & 04 upot otthree aakpotum ﬂﬁ@@uency
is increased up to the maxi mum frequency that can be

I epi:eis endreth by dhes St patl boegeeségoahs {hbge Dyguiesk (the
frequency Fs/2 for the sanpling frequency Fs of the

owpyii s fregedqueney New?2 ther fﬁ@l@i‘rﬁzlylin?_ frequency Fs of
characteristics of the optical |owpass filter 2

vwﬁﬁeb@uggﬁgrhpggﬁaAs descri bed above, the |nag|ng
device 1 in this enbodinent is characterized by

cuttingRff {KequeacyesRNPOMRAtscRal ;lQwels tcbﬁntheeOptlcal
| onest hqu|st frequency fa that cause fal se colors.

| t1osphheref oreri deal 11 eepldd 8l &l - ofd d&ribed above,
frequency. conponents not |ower than the | owest

'\w%%m;g@ﬂae 856'J_cfeal HAVENES: embBhineh il bidbcterized

with the actuoal optica

by cutting off frequency components not lower than the
lowest Nyquist frequency fa that éause fal.se colors. It
‘is therefor'e‘ ideal ‘to entirely cut off the freguency.
components not lower than the lowest Nygquist frequency
fa. However, this is difficult with the actual optj_.cal
low-pass filter 2. In this embod_iment, the frequenéy
characteris;cics 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 c:ase wﬁere the frequency components not
lowe¥ than the lowest Nyquist frequency 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



| ow-pass filter 2. In this enbodi nent, the frequency
characteristics of the optical |owpass filter 2 are
set fromthe viewpoint of the ratio at which the
frequency conmponents |ower than the inage sensor
Nyqui st frequency fs/2, whigh have been allowed to

. pass through in conventional 1 magi ng devices, are
cut off. Two cases are assumed here:  the case where
t he frequency conponents not |ower than the | owest

Nygussppireeqeshdyy fthe gwr@sgéassmgnlayebwmessed by
optical lowpass filter 2; and the case where

stlbprepisugalbyotﬂh@amg?alm@ce%& g efprthep CRE8 vaslue for
utilized as much as possible and frequency
cohpofiertcgidriay chanetteri&t bes suppeesséd hyeadie case.

i mage processing are suppressed by the optical o

| ow paBsrétl tier t Re A cappe oprii sl e valve sfare reAecedmainly
frequency characteristics is set for each case.

Fbisthe ngthecgastowhere s aisecepl Dy sthAreoptical low-pass
reduce.dmainly by the optical |lowpass filter 2, the

optilealr |DWwPasshef frbetichdiaschheatreguerGys as shown in
.characteristics as shown in Figure 9. Specifically,:

f requenc)y conpanent scavl y| ok quidialy, tdend OMests not lower
Nyqui st frequency fa and | ower than the inage sensor

Nitadirste o eqiipnsy f$44:60r FesRpthd @ fa fdkst1ofakSehan the
col or occurrence region. Then, a first fal se color

PaSSIY ald O kS HIefdned as. d heyrasj o ﬁrfém@% a first

~conponents allowed to pass through inthe first fal se

glcﬁlag\rls\eed%%glgf SRCE: A &G 0D . N T AHRRLY £TRAUERLS 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 rggion
s‘hown in Figure 9 corr-éspond toa first false color péassing
region; The first false color passizﬁg ratio is calculated

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



pass through in the first false color occurrence

region shown in Figure 9 correspond to a first false

col or passing region. The first fal se col or passing

ratio is calculated - by the ratio of the area of the

first false color passing tegpbon to the area of the

first false color occurrence region. This

enbodi mentsets the first false color passing ratio

to 0. 4 or _below This first- false color passing . ,
ratd PTNasear cilatedth§ deSiA™He thetee§st ghe two imaging
birefringence,which 1is generally utilized to . .

i nipt EWent OPRE1HFC &l Yo prRI T afirfer . tirhagixgl pfitch d
.a lowpass filter in which a light is passed through

t ef vyt anaandssaparat dsmttor e vePTight s129-ppss filter 2
provi ded, where the di stance between the two i magi ng

| ifgfhe s sobfaiemdisy t kb agapdratriohirs thetpited piulch point
d of the inmage sensor, then the optical |ow pass
fifreguenchad sa ¥rielleney shamactiey iRitdwre haf -t he

null point frequency is 1/(2d) as shown in Figure

10. Hovkewerverl nioomwenenbhahadi pghelehtpigidjightal cameras,
canmeras, since setting the null point frequency to

1/ ¢ 2d¥yenalkes indhecresohlli pnindgo owudhey vabué/d2d) makes
the null point frequency 1is set higher for reducing

t hehefrfeent) wf 1 dheoloavepashefvElee.of €hehld lgpdert frequency
hand, in this enbodi nent according to the present

i nvenridtonighbe dasebaticongofh ke fadtpof thew-pass filter.
signals can be relatively increased by the output

I MBgeéthe other hand, 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



signal generating unit 6 even if the resolution is

low at the sanpling stage in the i nage sensor 5.
Therefore, <contrary to the conventional single-chip
digital caneras, false colors can be suppressed .

wi t hout reducing the resolughon although the effect

of the lowpass filter is increased. Thus, the

position causing the«optical |ow pass filter 2 to
separate the light by the pixel pitch d is the border
Fetwseepathe reonv shel vhad i haaginel devircesy sthdstehe5° oblique
i magi ng device of this enbodinment In both cases
wWisrere gt hgd s Semsdy (Ra9 it ket dlor ¥/ (4@is Therefore,
arranged in the Bayer pattern on the imaging pixels
arrlangest asgatBquar ed tgfied sehdawher ecashengnageio results
sensor has the color filters arranged .in the 20
Bayertipatfiarst afelhe ¢cohgrngapisdiels mrrianged a3’ 28 45484 =
oblique squared grid, fs/2 =1/ (2d) , and fa = 1/ :
(Md). . Therefore, <calculating the first false color
passing ratio results in: the first false col or

passi Fgpu=gt ithe 0182892484 OollorThussitthe fitdé in this
false color passing ratio in this enbodinment is set
teniso ¥ Aheiet of s Be4 06 bebdwe bo G M srcestow. . Whihaedhecase,
optical lowpass filter 2 is set nore intensively,

tWiel beirdenoni the 1GR & perfiartang ithestRge: intensively,
~processing is advantageously reduced. Since false :

Ol ONSuienCaNSeHe 0Ol enby Bbihengl tRsi D828t BrBlessing
frequency conponent s due

is advantageously reduced. Since false colors are caused
not only by the aliasing of high frequ_ency 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 prOCGSSlng of the CPU 8 with less
intensive filtering by the optlcal low-pass filter 2, the
optical low-passfilterZhasthe frequencycharacteristics
as sho{m inFigurell. Spec:-ificallly, frequency components
not leower than the intermedia.te 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
Nygquist frequency £s/2, correspond to a second false color
occurrence region. Then, a second false color passing

ratio is defined as the ratio of ,frequenéy componentsg

allowed to pass through in the second freguency component



to the sanpling in the inmage sensor 5, a certain

degree of inmage processing i s necessary in any
situations. In the case where false colors are -

reduced by making active use of the inmage processing

of the CPU8 with less intensive filtering by the
.optical lowpass filter 2, the optical |ow pass ,
filter 2 has the frequency characteristics as shown

in Figure 11. Specifically, frequency conponents not

| oNeR T FRAFStYRI | @l er nBOL atis Peeqdemcyh¢ ffatftst 2ot A2 equency
bet ween the | owest Nyqui st frequency fa and the inmage -
semspeneNggucdosfaredquenty fot2stabidduwer fhamidhey fa are
i mge sensor Nyquist frequency fs/2, correspond to a
sezohdrftad sepgolexs boctlerienege regi@nss Thensh Al s€eeRthency
false color passing ratio is defined as the ratio of
fregueneyteonpasent o alHowatkdo passorhrNeugh sith firk@uency
second frequency conponent 21 occurrence region.

Ths 82 isr basetden thefigote dhaly fureguence FOMANESIUS. The
closer to the | owest Nyquist frequency fa are easier

t'or stppheyscdypbhenikagel pheeess s WiH & fJ1eqduernsy second
‘conponents closer to the i mage sensor Nyqui st

ffegueney of L2 uanehas degild SHBRhESSFhYuthe: { RIS espond
processi ng. The frequency conponents all'owed to pass

ths eugl ddhd e 1spcend o f @l256: GOk Ofe PCEHT T ERCE JRULON £41 se
shown in Figure 11 correspond to a second false

?gi{ _‘iD%r ﬁ?ﬁ%?gg{ﬁ?{égsbl dhe, l%ﬁ?PQgeB%fechec Qlacirio[)?‘?fs%}q]g area

y the ratio.of the area of the
S@fO@Hef§éé8n%0@%1é¥¥8813kfﬁgégﬂnﬁorkﬁ%cﬂ{%ﬁj%%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
imadeproceésingoftﬂuaCPU 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 second fal se col or occurrence region. This

enbodi ment sets the second fal se color passing ratio

to 0.2 or below. This value was determned for the -
reason simlar to the above-described first false

col or passing ratio, and calgculated as: the second

fal se color ~ passing ratio = 0.194113388 - 0. 2.

Therefore, while the inage processing of the CPU 8
shoul d be strictly perforned, the optical |ow pass

f it (Zigareadvaht Ahedust pabiw Serg ilngssriat &mlstlvelqbllque
Now, the | owest Nyquist frequency fa will be

~ desceictiddn £hirghiries 192$RAWSF 1 barenbye densandsthe sampling
arranged as a squared grid. In this case, if the

piixekrpiatichndtat theignegeisensoron ¥dis RUSeGdAS) Shewmn2) xd
in Figure 12 (a) , the sanpling interval 1in the

| dFepalredi¥Z2ctiedn .f oANGrics dhébegwand?ifd) intehe®als, the
sanpling interval in the lateral direction for R (and

Bl 022 esits s2dhp(lFirgurien t2-£) 1 s ttiee Sembi Nggi Mhee¥akl 2d in
in the oblique direction for Gis (~2) xd (Figure. 12

(dhp langh theisanpldmy lhieker:val dipethgoall ifle R and B.
direction for R (and B) is ('12)xd (Figure 12 (e)).

AmRg cifhese, spapldwgs i Ntyelru\iaéﬁfﬂela@eﬂcqngssﬁs sAMLENNG: .,
interval is the sanpling interval 2d in

| engi tudjad ¢ aBQe'q@fe@lrc% direstd O;rb%ujptu&ﬁeﬂ %nd lateral

Therefore, the | owest qui stfrequencyfaisl/(4

I d8@ rectlile Nyert sk Ereagency in the Iongltudlnal "and
lateral directions for R and B

Figure 13 shows thé image sensor 5:arranged 335345°
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.



Figure 13 shows the inmage sensor 5 arranged as a 45
oblique squared grid. In this case, if the pixe
pitch in the 45 oblique direction of the inmge
sensor 5 is used as the pixel pitch d as shown in
Figure 13 (a) , the sanpling23inrterval in the latera
direction for Gis (J2)xd (Figure 13 (b)), the
sanpling'interval in the | ateral direction forR (and

is (~2 ( ure | ing interval
in thggﬁgﬂ gb?@c@ﬁ%?#%& %?(sw ﬁﬁﬁgure Iy fisor °
, and the sa npling interval in the oblique dlrectl(y
f%’frWG%dBSBﬁl PYUECOrPgde OB { €)°) OblAﬁIﬂﬁg Sesed grid

sanpling intervals, the |lon est sa interval_ i.s
R L BAPPIAG HintEr vt C 58 "%)a%e%?rge{cpaﬁ rage,

for R and B. Therefore, the Nyqui st frequenc
e AT} T31ST 4R W&@%tted FP&E‘uEHW e (her St false

~oblique direction for Rand B. This is the sane as
i potAB Pﬁﬁ@érﬁ}%rf%géﬁaﬁaﬁ@édfea‘&’%n%%u‘é‘?eiﬂalﬁnelsdecﬂ@l to
Thus in this enbodi nment, mhen t he i mage sensor 5
a® ¥ aatefedle ak/ éafi@am@dv@lcw br (8945208 tepicerfibF dan of the
grid (pixel pitch: d) is used to generate the output
| dagee-delsewitstafifEtt oF B93PRe| eeted BasRiMgatratio is
the first false color occurrence region corresponds
t savabdésdequal  to or above 1/ (4d) and below | /
(2d) and the condition of the above-described first .
or secbtowd, coh armpasspnyerapicd Wisth gdtd sifiagling device 1 in
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,



Now, an imaging nethod with the imaging device 1 in
this enbodinent will be described. Wien an object is
taken with the irmaging device 1 in this enbodi nment,
the imaging light fromthe object is first allowed
to enter the optical |ow pasgdfilter 2 through the
i magi ng optical system 3. For the imaging |ight that
has entered the optical |lowpass filter 2, spatia

ﬁéqu|§$fbf8réﬁr8&U5%i c 1@9£ fggo%%éwghééw@simage is

requency fa ge sensor

yffggngE&aC (§g§g@g to the pr edet er mi ned

uenc rlstlcs The imaging |ight passed
:233"&%%@%“%%%%%%%: B SRS, o AT B e,
Lf'fr'léﬁé?q £ o0, TSR VL P RS VUL e
o By t“ea‘)%éﬁé?&ﬁ'ﬁ";“ﬁ%séeﬁgtrfcefcharges
ot 118 ST L e Aot gt

sensor 5 accunul ates, as,electrjc char es,

Wi Ry | i GHEC® Halt© hHsa @hber aghFhEaﬁh%?%a. 6a@§rated into
constituting the pixels, and supplies the electr
Tﬁta?@%sprh@aﬁwxgpl@.rg%n@lfs Re 0 Gvhé 6ubphy Fﬁﬁgéoéuognélllters
generating _unit 6. Since the imaging |ight has been
sbparet pdXeAt 9190RLeEOBre el P06t bES BFaR oW andupinance
by the color filters

information on one of the colors. The read-out pixel

‘ signéls are convertedintodigital databy the A/D converter
7 and passed to the CPU 8. Based oﬁ the _receiveci pixel
signals, 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



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

| um nance information on one of the colors. The
read-out pixel signals are converted into digital
data by the A/D converter 7 and passed to the CPU 8.
Based on the received pixel 2%ignals, the CPU 8
generates output image signals constituting the

pi xel s of the output i mge. Here, since the nunber

f pixels int ensor. 5.used for gene

ach- Bt xei B PRRE DAl B SFege i 608 Firg foso%%?@%tlng
to the conventional Ie chip | |q? i ces, S

FEs 6B 1P 5 & S P Hdger [RLEr gni 17 £ ?Wrmm fox
i nproved. The output inage S|gnals obtalned inth
éﬂﬂé\f@l}%}ﬁ@lxg}eaﬁﬁﬁﬁegﬁ%g ofif pifesilgiid % %‘?n%\or 5 and
tdﬁggtal canera_ or d|8$tal vi deo canera prOV|ded W th

Seritng Helr e 10 7 tRis e bSdPAERL PGwh D (= l/FS>

specific exanples of this enbodinment will be
s Ehicped EAY tha g ol Tovity Bxafpl BSTEN 8 5 EHES) of the
conversion ratio in the resolution conversion
picEs sTegSof the @PU PBe 8olilowing ¢hampdgerl N®fS, as
pi xel signals used for generating an output inmage
degrratibeol opevpi xehe wasidatleriiwedasor fiditpreRentth the
pi xel. arrangenents of the i nage sensor 5 and
difdarenty rca\tamcke(i)stme)satlsﬁeﬂm%ehemmﬁlm@ﬁ of the
|/Fs) of the output inage to the pixel pitch d (=
Wiyt aofr tderondrafel sensolo 5. phastibg freltiowwag used. The
exanples 1 to 5, as described above, the optica
lovitqassi fieterd Zamedhiéhe arranged 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



‘frequency characteristics satisfying the condition of
the first or second fal se color passing ratio was
.used. The <color filters 4 used were arranged in the
- Bayer pattern. <Exanple 1> In the exanple 1, as
shown in Figure 14, the imag& -sensor 5 was used in
whi ch pi xels were arranged as a squared grid and the
ratio k of the pixel pitch D of the output imge to

EESE%)l)éelw'gﬂ - an r@pf%%teﬁg Qﬁgg}&g{& ?E_Etsac_\é\?ﬁcegréalz(Por one

I's were sanpled for an output inage
§&§nar o%ﬂghé pixel, Nis 2.25. <Exanple 2> In the

exanp S own in Figure 15, the imge sensor 5
was u%% amﬁﬁ % h pixels were arranged as a squared
grid t he ratlgﬁy of the €|xel |tch D of_ the

out pu Fﬂ%g% *AgH %ﬁ)&ﬁ PRPER 4 o€19N§QIﬁﬁﬁathe imzge
sensor g h%ﬁ %ﬁébe seen from Figure
F8ISOTe & B?%ﬁ 1% BRaRE i“’@r§a%¥%8g?61ra~°aﬁ squared
output Hﬂ;\sg))?a aI for one pixel, Nis 4. <Exanp
§31fn a%fsﬁ%ﬁnpllﬁ‘eﬁ Firehi e Q%eﬂP?m@‘étPUt
sensor 5 was used |n mhICh6§IX8|S were arranged as a
sBaaed© griel RhdCthe &t ¢ ko bf thRelppgal Ssingdr O ofas ¢
t he output image to the pixel pitch d of the inage
4BnSofcs -wadsgqcan be seen from Figure 16, since 16 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 eiample 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 ocutput image torthe pixel pitch d of the image

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



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

pi xel signals were sanpled for an output inmage
signal for one. pixel, Nis 16. <Exanple 4> In the
exanple 4, as shown in Figure 17, the image sensor 5
was used in which pixels meré7arranged as a 45

obl i que squared grid and the ratio k of the pixel
pitch D of the output inmage to the pixel pitch d of

the isTROS gSENSON §lé_’;\ﬁ§lg2wé?e s & %iég) FOF Wé)uncpuqc image

seen from Figure

ﬂ%&Qﬂ For gﬂesé qugfs %lgnal for one pixel, N

<Exanp he exanpl'e 5, as shown in
S:2g{§t&g}etg}rg%%%gfﬁ%?nsﬁg %%S%&ﬂ%ggaégﬁﬁdlgFFU5 that,
| .al%g%‘? PR elc it reRr A br B FiAs st Bhagmage
,nsé new 1 ;Lqrg%%n%l%fi‘&%g%i%%Ba%ﬁf%?e%ﬁ%é&e@tby the
nal for one pixel, Nis 8. |t can be seen

fro ?hsee"g%%i?e eRBAPFESOPY 0% ThatOUTPRFesPasE védaal is
t he manner, of arrangenment of the inmage sensor 5, the
UtReT S REG 2Bixel signal s generated by the inmage

sensor_ 5 cgrrespond to one outpyt image signal is
expredséd \as= (D/d)? = (fs/Fs)® - Formula (1).

The sampliﬁg freguency Fs of the output image is
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 freqﬁency 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



" N=k2 = (Dd)2 (fs/Fs)2 Fornmula (1). The sanpling
frequency Fs of the output image is expressed as: Fs
= 1/D = 1/(kd) = fs/k Formula (2). Therefore, in
the exanples 1 to 5, the relationship " between the
frequency of the pi xel signak§ generated by the

i mge sensor 5 and the maxi mum frequency Fs/2 that

- can be represented in the output inmage is as shown in

Fioss & hd Qp e Pefowshage tmstte&egusfgxlhefanttp% emoves
output image 1s proportional to the frequency f

tﬁsigéxetlsrgeghgon%% at %Pé’\}ﬁxpz?xéiggge S?Q%QEFh’lonally

set to a ove

frequency %fufr}elﬁépagf]t_eﬁf.n%%rats trl'?equr]:(gfcgrt Qegrodﬁtctlon

represent the requency he out put

?IV Y of&éggﬂt58913EHEQ$OO$%D%%%reveg to the
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b7 1175 TR EES) DRrohecE o ERBe SKdudIe DFTy bR EREE may

i mage sensor while the srnple si ngl e-chi p i mage
sBfsBPLs |1§du§e°d appropriate. :

For example, although rthe embodiment has been
described.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



. The imaging device 1 according to the present
invention is not limted to the above-descri bed
enbodi ment but may be nodified as appropriate. For
exanpl e, al though the enbodi nent has been described
for the output image based o#%quare pixels, thisis
not a limtation but an output imge based on
rectangul ar pixels may be configured and output. In

that 1easerdasamd g if aIaReY Wi kblrbgn%ﬁiﬁ@gtdevice

in the longitudinal direction and the |atera

OLheElt ORes ThE irhdLUSLF alipd Himge Sens el _sgngﬁ%—t%gip image
i magi ng pi xels arranged as & squared gri ra
obLjgue squared grid, and the illustrated color
filters 4 are arranged in the Bayer pattern.

However, this is not a limtation but the present
invention is also applicabl e when other arrangenents
.are selected. Industrial Applicability 29 The
present invention is useful for an imaging device
that takes an inmage of an object with a single-chip
imge sensor. 30 CLAIMS 1. An inmmging device,
conprising: an inmaging optical systemwth an optica

| ow-pass filter having predeterm ned frequency '
characteristics; ' : ‘



color filters in a Bayer arrangenent that separate an
i magi ng |ight passed through the inmaging optical
system into predeterm ned col or conponents; a

singl e-chip i nage sensor that photoel ectrically
converts the imaging |ight pa¥sed through the col or
filters to generate pixel signals; and an out put

i mage signal generating unit that generates out put

| pR@e gl gnal s based: on the pixel signals obtained
fromthe |mage sensor, wherein the frequency
cliaract{uqr!L Wg;fdﬁtq‘pltcéapgéggl I.ovi/- ass filter are

set in suc P PEETFaE col or passi ng

ratio I§ ? 7%18192%8 o I ess ut m)rF1 t han

fi r st 23928ForFy SSI]hg ¥atf8 Fadifc &t r?équiféal low-pass
tll% of fre uenc§ rrponent |l owed to pass
Fough it A %ﬂégeé&%ﬁ“ﬁ] Tedegrey ﬁ&aqa&,@mstlcs,

thanthe q fre uency for the |owest sanpling
'frequeﬁ%y\%ngﬁ3%§§r?p Mithg' Fegtenef 88ER™MAE that separate

longjtudinal,. lateral, and oblique directions for

e3CHTZH1 B cho%BrPearﬁS% e I e s énaer ndanat Londrsysten

than the Nyquist frequency for the sanpling '

f rEGTeREF Ut T B! NRAgEC LognsTPananss; the out put

i mage signals are generated fromthe pixel signals

gener at et B¢ lenehimgenagns s hahaN phedlosigriat scally

(N'is a real nunber of 2 or aboe@?J generated by the

| PRGE S enEBP e T ERpeATioPeRe tlpa@ughaqee sbgeal filters
to generate 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

filteraresetjjlsudnaway1ﬂwﬁ:afirstfalsecolorpassing
ratio is 0.372892484 or less but more than 0, the firs:
falsegqlérpassingratioindicatingtheratiaoffrequency
componentsallowedfx)passthroughjjzafrequencycomponent
region not lower than the Nyquist frequency for the lowest
sampling frequency among sampling frequencies in the
longitudinal, lateral, and obliquérdirections for each
color éomponent in the image sensor, and lower than the

- Nyquist frequency for the sampling freguency of the image

sensor, and



2. The |nag|ng devi ce according to claim1, N =
(fs/Fs)2, wherein fs is the sanpling frequency of the
"image sensor and Fs is the sanpling frequency of an
out put ‘inage formed by the output i mage signals. 3.
An i magi ng device, conprisin an i magi ng opti cal
systemw th an opti cal Iom#pass filter having
‘predeterm ned frequency characteristics; color

filtersd BudpBayeha %rgﬂgﬁﬁﬁﬂiakaaﬁeﬁgﬁéf@Hefﬁﬁm'the pixel
i magi ng |ight passed t-hrough the inagi ng opti cal

%ﬁ%ﬁ@ls@@ﬁéﬂ&@g§b%ﬂﬂ@§ﬂwgeQén§8m§5%ﬂé§ﬂ Xe151gnals
singl e-chip i mage sensor that photoelectri cal

copves ts he LR J4 @hbrp%%%% t IE_;re %ghatg@n& t&? the :Lmage

filters to generate pixel S|gna

| S9e, 51 gna e% &It Do 4B L g;ﬁit gﬁwgtgggngﬂt put

i mage signals based on the pix signha alrnéd
~fromthe inmage sensor, wherein the frequency
‘characteristics of the optical lowpass filter are

s vy et 1D oS R B0 o B ShLE R Than o

t he §pcon? fﬁ%gﬁzcolor passing ratio indicating the
rati o of reque cy conponents all oned to pass

t hrou a tre 0 | ower
t han HheThh o P &SP bR re@a@?fk%% ?%@la\wa%aemr
fre JHE5Y Eﬁé égﬁphg%stfrg%un’elncf of an output image formed

by the output image signals.

3. An imaging device, comprising:

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

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 signala 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



frequency anong sanpling frequencies in.the

I ongitudinal, lateral, and oblique directions for
each col or conmponent in.the imge sensor and the
Nyqui st frequency for the sanpling frequency of the
i mge sensor, and |ower than34te Nyquist frequency
for the sanpllng frequency of the inmage sensor, and
the out put inmage signals are generated fromthe pixe

S]bgﬁéhﬁgg?ﬁ%&@tﬁg @ylta@@llamgaeo%em%% ﬁatt él}e'\'aﬂé{éeé the
signals™ (N is a real nunber of or above) generate

b | r i
¥e&8§d ﬁ&gge 28RS ﬁ fﬁﬂxyg{lé) Ing #% ¢a|n1gﬁétlo of

Si gna . he i ITHgI evi ce accor

-“k££§ﬁ%%k%»c&MQsﬁb S%ifo %ﬁ? Eenﬁﬁgﬁééegeenc re%uency

t he I'mage “sens que
raeogykﬁgggjﬁgg %ﬁﬁg?acpg%}égggggvgc%5%%: q%%??%g%ﬁuency
SR PREEt O TEE  eh o Sl Ry Bon e ot eg?m%y sgmoling
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Iongl udi.nal ‘the |atera and t he obli que
d??egﬁloﬁ?§Qﬁ %ﬁEﬁOEm%ﬂ he Nyquist frequency for the

sampling frequency 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.



in an i mage sensor, i.e. a frequency conponent region
| ower than one-half of the Nyquist frequency fs of
the sanpling frequency fs of the image sensor, is
not -higher than a specifiedasalue. An output inmage
signal is created from a pixel signal created by the
i mage sensor so that N pixel signals (Nis a real
nunber of 2 or above) created by the inage sensor

correspond to one out pUtAFrrdige 81 gHE .
Abstract

Frequency characteristics éf an'optical low-pass
filterareset:ulsuchéiwaythat51firstfalsecolorpassing
rateindicativeoftheratechfrequencycomponentspassing
through a freguency component region nqt'lower than the
ﬁyquist frequency fa for the lowest sampling frequency
fé among the saﬁpling freqguencies in the longitﬁdinal,
the lateral, and the obligue direétions for each eolor
inanimageéenscﬁ,i.e.afrequencycompénentregionlower

" than one half of'the'Nyqﬁist frequency fs of the sampling
frequency fs of the image sensor, is.not higher than a
specified value. An output image signal is-created from
é,pixel signal created by the image sensor so thatDiniel
signals (N is a real number of 2 or above) éréated by the

image sensor correspond to one output image signal.



