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DESCRIPTION IMAGING APPARATUS AND IMAGING DEVICE
Technical Field The present invention relates to an imaging 5 apparatus
and an imaging device. Background Art In recent years, the number of
pixels of an imaging device used in an image inputting apparatus has
been remarkably increased. The resolution of the 10 imaging device has
been improved to the level of BESGTORA Hodhularity that human eyes
cannot recognize. Under such circumstances, reﬁuirements for picture

quality have B&&FTHanGBE oM HRyHeted fo PighErEolor

Fepspducibjlity; Righer noise reduction, 15 and wider dynamic range. The
present invention provides a means and an apparatus that can increase a

luminance dymamis:rapge theyhseancwhile Mmaiataling PictHre: falitigin
particular, color reproducibility and noise characteristic in their allowable

JOVEIE 220 A rPRth R roBasEing appHidias that can more faithfully
E{jgg{(oduce C Ig\rstand reduce noise than before is disclosed in Patent
ocument. ( é:panese Patent Application Unexamined Publication No.

2003- 284084). 2% Next e apraratus disclased in Pajente Rocymen; 1
will be described. A four-color filter 1 having an array of colors shown in
iFiggingididposed lumetheifrordrof anageagimpdevicegAadenatetiby has
been remarkably increased. The resolution of the
imaging device has been improved to the level of a
smooth granularity that human eyes cannot recognize.
Under such circumstances, requirements for picture
quality have been changed from higher resolution to
higher color reproducibility, higher noise reduction,
and wider dynamic range. The present invention
provides a means and an apparatus that can increase a
luminance dynamic range they scan while maintaining
picture quality, in particular, color reproducibility
and noilse characteristic in their allowable levels.

An image processing apparatus that can more
faithfully reproduce colors and reduce noise than
before is disclosed in Patent Document 1 (Japanese
Patent Application Unexamined Publication No. 2003-
284084} .

Next, the apparatus disclosed in Patent.
Document 1 will be described. A four-color filter 1

having an array of colors shown in Fig. 1 is disposed
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dotted lines, the color filter 1 has a structure of four-color units each of
which is the minimum unit composed of an R filter that transmits only red
(R) 5 light, a B filter that transmits only blue (B) light, a GL1 filter that
transmits only green light of a first wavelength band, and a G2 filter that
transmits only green light of a second wavelength band. Fig. 2A and Fig.

8B shaw ﬁ?&%@"&ﬁe9&aﬁ%@%&}u@e@i%éign%gr%%ﬁpgdsebction that

performs a signal process for an image signal captured by an ||¥aging
devicedon éxampleta b Whiclt has e colok dilter 4+t Beeause:obthe
limited drawing space, the structure of the signal processing section is

ERBRRGA XS I diHioRE R FRE 2RAGE Fig 2BhRetdmsHeamumdral 10

notes a, froptend hich four, s of color signals (R signal,
SR S A B R e
frogkend 40pperfarmes-a eruelated AomblessaRRliPgANocess P 9319120, a
controlling process, a digital transforming process, and so forth for the

@blor slgreats shpplidd-fosmhesinade semsernTRd ghiretafech dbulblet
ocess s performed to remove noise components which are

sampling pr _
TSR ABfbr SIMIS | GraE B T & IR DI § (AR e

Jrontend 10.are sHpplied to.a signal _processing secfion 11 composed of
an LS| (Large Scale Integrated Circuit). 2 The signal processing section

11 is conneckeidy 10 ZAMintacEmputez NGO thivsghee of a
microcomputer

structure of a signal processing section that performs
a signal process for an image signal captured by an
imaging device for example a CCD which has the color
filter 1. Because of the limited drawing space, the
structure of the signal proceésing section is shown in
two portions of Fig. 2A and Fig. 2B. Reference numeral
10 denotes a frontend to which four types of color
signals (R signal, Gl signal, G2 signal, and B signal)
are input from an image sensor. The frontend 10
performs a correlated double sampling process, a gain
controlling process, a digital transforming process,
and so forth for the color signals supplied from the
image sensor. The correlated double sampling process
is performed to remove noise components which are
output from the color signals. Image data which are
output from the frontend 10 are supplied to a signal

processing section 11 composed of an LSI (Large Scale

Integrated Circuit).
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interface 12. The microcomputer controls the whole operations of for
example a digital still camera 5 according to a predetermined program. In
addition, the microcomputer controls each block that composes the
signal processing section 11 through the microcomputer interface 12. The
signal processing section 11 performs an 10 interpolating process, a
filtering procé8se ashan! cREQREA Pracesscs lominbkhcésigmainected
1fg(()enaeran[yn(gr process, a lgoL%ro iffergnce ii nal %eneratimrocess, and so
ortl fSFTGUr fypes b1hlo Sgnatd@ith ara” mpaPfBnl the PSRy 167
fhedraniend 19 generates L5 SRigtA-signab IhePictuts, sigpabise
supplied to a display unit (not shown). The display unit displays the
apaged pretares fn fidditienapiciure aadd which! ase datput freax-the signal
processing section 11 are compressed and stored to an internal storage

R 2 IO eRtePrALSAGHREM AR Mke. KRxEXRERINGK SPe
ri RIS PO Lh ) BISERTIRER B ee e

compensation processing section 21 removes a noise componen
CofRoNeRtbisemthe piciyrasignahsupplied fiem thes2airentanshi dde
picture signal supplied from the offset compensation processing section
Inteeiagst th2a white balance compensation processing section 22. 3
The white b ?QCG Qomg nsation processing section 22 compensates a

white balance 51 the PiidrePdig8 St Bethet WordS ihd Wt baaRge a0
1SRRI YOEEIMAG s, a filtering process, a matrix

calculating process, a luminance signal generating
process, a color difference signal generating process,
and so forth for four types of color signals which are
input.from the frontend 10. The frontend 10 generates
a picture signal. The picture signal is supplied to a
display unit (not shown)}. The display unit displays
the imaged picture. In addition, picture data which
are output from the signal processing section 11 are
compressed and stored to an internal storage medium, an
external storing medium, or the like.

Next, each block of the signal processing
section 11 will be described. An offset compensation
processing section 21 removes a noise component (offset
component} from the picture signal supplied from the
frontend 10. The picture signal supplied from the
offset compensation processing section 21 is output to

a white balance compensation processing section 22.
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section 22 compensates unbalanced colors due to the 5 difference of
color temperatures of an object and the difference of the sensitivities of
the color filters (R, G1, G2, and B) of the sensor. An output of the white
balance compensation processing section 22 is supplied to a vertical 10
direction synchronization processing section 23. The vertical direction

BYBCRIONZALIOA 1Y AERSSHehS_ELON: 23SYREBanZesRicLLe datg, thay

chronologically differ in the vertical direction using a delaying device for
Exapsie atsmalicapadiy medmngso@s told pertorora vettipabdirectian
interpolating process and a vertical direction filtering process for the

Pidtlire HELSK pld&litiok Bt 8HASIs SYMBRBRREHCBy BRO GERRANT
Hirectign Syac*H&H&&@ggtp&?%ﬁ%%gﬁa%?c%%tiegfé”ras; e gupplied 19 a

processing section 24 for an interpolating process, ailtefing process, a
chigh fequancy £osRNSatiBgPEReassr 850 RMNGQise PIOLESE. A the
processing section 24 performs an interpolating process for interpolating
Fofdredighals o?D Xhoiess Ahiiithis shemidimuneadivof ficlésos (R,
iters. (R, G1, , B),.with phases in the same space, a filtering process
of p?;ogp’er@ﬂfjrln%ﬁg afsié:%lael pandwidth, a 4 high frequency compensating

process for compensating s high frequencycorpenent ghhe,signal, -
bandwidth, a noise process for removing noise components from the
pgignalssang other pioocessesis supplied to a vertical
direction synchronization processing section 23. The
vertical direction synchronization processing section
23 synchronizes picture data that chronologically
differ in the vertical direction using a delaying
device for example a small capacity memory so as to
perform a vertical direction interpolating process and
a vertical direction filtering process for the picture
data.

A plurality of picture signals synchronized
by the vertical direction synchronization processing
section 23 are supplied to a processing section 24 for
an interpolating process, a filtering process, a high
frequency compensating process, and a noise proéess.
The processing section 24 performs an interpolating
process for interpolating color signals of 2 x 2 pixels,
which is the minimum unit of the color filters (R, G1,
G2, B)., with phases in the same space, a filtering

process for properly limiting a signal bandwidth, a
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5 Picture signals for example signals of four colors of RG1G2B obtained
by the processing section 24 are supplied to a linear matrix processing
section 25. The linear matrix processing section 25 performs matrix
calculations for four inputs and three outputs. When 10 matrix coefficients
of a 3 x 4 matrix are given, RGB color outputs can be obtained from
hiGirefinecrnion 6PfoReReRid bYRBIGES sREB PRI thd lingaa

matrix processing section 25 are supplied to. gamma compensation 15
%%gtglesgfrnegqgéa&gﬁs%ﬁ%tano 2 Fre%b%&f\‘/}al)}? a’?ﬁ@ Y4irita @
FOMRENSALER PLOGESSINGLARAIPNG 205 LG oAb ABRIRVErSel the

compensate nonlinear characteristics of the display unit and finally

sicgompiish dindar tharagienisties s2@ Output signals of the gamma
compensation processing sections 26R, 26G, and 26B are supplied to

each of a luriihSheE By SdigRaNge P ati T proR e8sifid 95ettion 2y &/4A
fgi%Idgﬁ%rgn?efg}_?i 9?,?1%@“83' Ripgezsing section 28'8-%1]:%.01’1 24
r

uminance () signal 25 generation OCESeSiRé:SGCtIOSnlE-?Cgm Ines
gesnwapponpensatesd ReResignals nithkpredgtesmingthcqabining, ratos

and generates a luminance signal. The color 5 difference signal
THenetdfwnprotessihy sectos 28isembietitha gaimacbmpensatdcix
cRgB s'}i\%ngls with_predetermined combi_ning ratios and enerafes a color
FtSTAhT SiRaF o E8IGF aifthehde SRfaltdeRGatyiRphe- When
matrix coefficients of a 3 x 4 matrix are given, RGB
color outputs can be obtained from picture information
of four colors of RGLG2B.

RGB outputs of the linear matrix p;ocessing
section 25 are supplied to gamma compensation
processing sections 26R, 26G, and 26B, respectively.
The gamma compensation processing sections 26R, 26G,
and 26B inversely compensate nonlinear characteristics
of the display unit and finally accomplish linear
characteristics.

Output signals of the gamma compensation
processing sections 26R, 26G, and 26B are supplied to
each of a luminance (Y) signal generétion processing
section 27 and a color difference (C) signal generation
processing section 28. The luminance (Y} signal
generation processing section 27 combines gamma-

compensated RGB signals with predetermined combining

ratios and generates a luminance signal. The color
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color difference signal generation processing section 28 is supplied to a
bandwidth limitation and thin-out processing section 29. The bandwidth
limitation and thin-out processing section 29 generates a color 10
difference signal of which color difference signals Cb and Cr have been
time-division multiplexed. Thus, it can be said that the image processing
ing: our-=color filter is erior to that using the
S e e et B TS SIS 2o
Jqueierrackthahas gpeatiak sapsitivitbe inewingidavcs havekigh color
reproducibility and good noise characteristic. "Good color reproducibility”
nRedss e iRe thnsgingidulice cahSeAsaiife gameradiers as inahan
£yescan or the 20 Qiﬁerence between colors that the imaging device can

sense and the nUmars eyes can see is small. What the human eyes can

see means thalcQlgrsthah theysanses. <'RRp NYiss ChAAMeRsHict 1o
means that the noise amount in a particular luminance level is small.
dedise isl 25 famgehceatedgrizdd gehammanoa npisecandcalgr neiseidine
luminance noise depends on the absolute sensitivity of the imaging

2fevkce SHRBAHSS, e RBoR?REIEEY Rarddif tiePEABE oAltfe FoBROASHIp

pRRUESD.SRF LAY PSRoBTes o [AleEs 0LIPyIANIRG 8RVISRn
namely the shape of a spectral sensitivity curve. A method o

thal boliangerbngsaugus: Scigoals Db agdmeging-deice widsh are
linearly proportional to the luminance and generating primary
difference signal of which color difference signals Cb
and Cr have been time-division multiplexed. Thus., it
can be said that the image processing apparatus using
the four-color filter is superior to that using the
three-primary-color filter in color reproducibility.
Generally, it is preferred that as spectral
sensitivity the imaging device have high color
reproducibility and good noise characteristic. "Good
color reproducibility" means that the imaging device
can sense the same colors as human eyes can or the
difference between colors that the imaging device can
sense and the human eyes can see is small. What the
human eyes can see means that colors that they can see.
"Good noise characteristic" means that the noise amount
in a particular luminance level is small. Noise is
largely categorized as luminance noise and color noise.

The luminance noise depends on the absolute sensitivity

of the imaging device. In contrast, the color noise
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color RGB signal values is often used in a signal process of a
conventional image inputting apparatus shown in Fig. 2A and Fig. 2B.
This process is referred 10 to as the linear matrix process. In many cases,
since an input image of an image inputting apparatus (for example, a
scanner or a digital camera) is observed and edited on a monitor of a

her Al cORRRRES(HeReihBfte™ 2bATctREd e bed e 88 tHPPCh iie

target color 15 space of primary .color RGB_signal values.that have been
Sr%zragt?&%é (::Lu%ét%%jj is gdecs:fg%% ec? gf) an SRGB co o(resﬁglgef';f lﬁ/ﬂic%el‘s”fﬁéa ’
eatRIISpacRof dha FC BONIos R AinternatianalEleetoteghrical
Commission) has defined the SRGB color space as a 20 standard
multimedia cblorspheé onithediasisithbirsolef dmmagesignaisshould be
transmitted. When the transmission side transmits a color image and the

55885d5h SifeFBcdBIHWh f?w"é”ﬁaf‘sfr‘s BPthes 12T Ear 1 BEBF $ace, they
fApRAre 4ie same Gelar repradustion. 2p4 @é%ggﬁaet@%%%t ?@%M%ﬁe

sensitivity (referred to as the relative sensitivity | rawings) o
delaginkdeviee iman sRaRB€slor s7 araiehing dwactipn of whigh aicolor

matching function (refer to Fig. 3), which is the spectral sensitivity of
PRAR&S ByeS, i8 lineRMNpieRSiithelios 7O0RAE IngtrikPPeradtasis of

S&%()ew7n09jé¥pg lmatri5\27trea1;elgitof‘5 R_ef nce@gﬁcument 1 "ITU-R’_ BTf709-3d
asic ParameterValdes forthe HDTV stafidard 1oy fie studid And-or
titerpatigral BragrammedEichansscék98) ¥ n many cases, since
an input image of an image inputting apparatus (for
example, a scanner or a digital camera) is observed and
edited on a monitor of a personal computer (hereinafter
sometimes referred to as the PC), the target color
space of primary color RGB signal values that have been
matrix-calculated is designated to an sRGB color space,
which is the color space of the PC monitor.

IEC (International Electrotechnical
Commission)} has defined the sRGB color space as a
standard multimedia color space on the basis that color
image signals should be transmitted. When the
transmission side transmits a color image and the
reception side receives it on the basis of the standard
color space, they can share the same color reproduction.

Thus, the target spectral sensitivity

(referred to as the relative sensitivity in the

drawings) of the imaging device is an sRGB color
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In Fig. 3, a curve 31x denotes a function x(k), a curve 31y denotes a
function y(X), and a curve 10 31z denotes a function z(a.). The graph of
the color matching function shown in Fig. 3 is defined as the CIE
(Commission International de 1'Eclairage) 1931. Fig. 4 is a graph showing

the sRGB color matching function. In Fig. 4, a curve 32r denotes a 15
and a curve 32b

function r(X), a curve 32g_denates a functjon g(X), | |
e hotas. é f%ﬁl&%%lﬁ)(%.). ir?géltﬁ% SRE qu(ﬁo%"%g%hjrﬁgq fintRiSh <Misfies
@eorder eonditiqn, the imaging,devicerransense £glors that fhe human, £
eyes can see. For details of the router condition, refer to 20 Reference
oeumene2 (Ndlsorb i@kt 1Engineeaig one @ hgmatics0@rabgiated title)",
ISBN 4-501-61350-5, Tokyo Denki-Dai§1aku Publishing Office (1993)).

Madheter, diftde thietdpltiialSertdifvitPshdwiPn R wicontamser to
i Nt it is125 pragticallyimpossible to produce a
R%}%%gg?g&%B filfée?%a%/ir?g ;l?}gigjl sﬁpééc@alofeér%%\iity. ?astjl;ﬁzee- color
PR Gdnfitar thathasegogiive spectrsensitivity 8 aadsatisties theciauter
condition, the filter has spectral sensitivity as shown in Fig. 5. In Fig. 5, a
angvE B3R B&M3tBS hifapado sSREC AU SBErdemotds S fthtlion

sG(X), and ar[cur%(% 33B3derglotes an sB(X). 5 As is clear from Fg 5, the
curve 33R of the' SPéctfal s2nSitivits of the A OHTSorfert HREE 5Pthe

xM3ging deyicedargely matchessthe qiue 33GofJhe jspeghial sensitivity
of the green component filter.
31z denotes a function z(A). The graph of the color

matching function shown in Fig. 3 is defined as the CIE

- (Commission International de 1'Eclairage) 1931.

Fig. 4 is a graph showing the sRGB color
matching function. In Fig. 4, a curve 32r denotes a
function r(A}, a curve 32g denotes a function g{(A), and
& curve 32b denotes a function b{A). Since the SRGRB
color matching function satisfies a router condition,
the imaging device can sense colors that the human eyes
can see. For details of the router condition, refer to
Reference Document 2 (Noboru Ohta, "Engineering on
Chromatics (translated title)", ISBN 4-501-61350-5,
Tokyo Denki-Daigaku Publishing Office (1993)).

However, since the spectral sensitivity shown
in Fig. 4 contains a negative component, it is
practically impossible to produce a three-color RGB
filter having such spectral sensitivity. If a three-

color RGB filter that has positive spectral sensitivity
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This means that two component signals are very similar. 10 Thus, when
three colors of the SRGB space as target output signals of the imaging
device using the filters having the spectral sensitivities shown in Fig. 5
are calculated, matrix calculations given by formula (1) are required. r(A)
6.5614 -5.5412 0.1845 SR(A) 15 g()-) =-2.0049 3.1163 -0.1635 . SG(A) ...
Iy RAY s B2s 0 EP83rP 068 SBIAY Miiorleat frenfthetmatrhas
coefficients of formula (1), to calculate the red component of the output

1
LGiais he 88 Toinbbhest A%d TR GFeek cBrhBonent ofthefififut Signis
Al o I9RledRY R ks MAEK CORTEPNS.0L0 2001 258 2t s

This means that noise of the red signal and the green signal of the
amagingedevice s(mych npreasedrkhuss sgheencalesREB Btanthat
does not perfectly satisfy the router condition, namely that has 25 good
noise charachétisti® \fitkescrifEem™f cotbr PrepidtiiciBilty ¢o 38MherdxtEhe
s%éé*%%tzfg‘s Se%e?c{ré‘k Sepsitvity ag shown in B cgl'é?‘ ‘%Sefiﬂ?lg' 0 1o
rve enotes a function sIR(~,), a curve 34 enotes a function
&)1 Agd @ecurve 3Brdpnojena-huwstion 1By Singeghe spegtal
sensitivity shown in Fig. 6 does not satisfy the router condition, the
Hpectrad dessitvaty o v Yhreé-ddier filteeshownmp dfigné cindders
linearly transformed into the SRGB color matching function. Thus,
T, %ﬁ%ﬁé that two component signals are very similar.
0 ly
Thus, when three colors of the sRGB space as target
output signals of the imaging device using the filters
having the spectral sensitivities shown in Fig. 5 are

calculated, matrix calculations given by formula (1)

are required.

r(i) 6.5614 —55412  0.1845\ (S.(A)
glij|=|-20049 31163 -01635{-|S.(A)| ... (1)
b(A) 0.1182 -0.2783 10688} |S,(4)

As is clear from the matrix coefficients of
formula (1), to calculate the red component of the
output signals, the red component and the green
component of the input signals are multiplied by very
large matrix coefficients of 6.5614 and -5.5412. This
means that noise of the red signal and the green signal
of the imaging device is much increased.

Thus, a three-cclor RGB filter that does not
perfectly satisfy the router condition, namely that has

good noise characteristic with sacrifice of color
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10 transformed matrix calculations for the SRGB color matching function
is given by formula (2). P(A) 2.250 -0.649 -0.089 AR(A) g(A) _ -0.057
1.574 -0.3184 sly (A) ... (2) b(A) -0.009 -0.444 1.567 A.(A) The absolute
values of all the matrix coefficients given by formula (2) are smaller than
15 those given by formula (1). Thus, it is clear that when colors are

Separated..naise js not relatively increased. Becapise of the foregain
re§sc?n , Sitg: |§Lgf<%n%%v£r? tr%aot the Tfpigﬁwp?ﬁdryd%%ﬁ)r %'ls,%/g‘(t?tengll =€ If?rﬁ%& TF%]JZO
slevicetias spedenl sapsitiviphdeneied pyiascyeds shewnyig Fig. 6 and
has excellent color reproducibility and noise characteristic. However, the

maynRdeyicde raxteallyah faspectiah sendivily, denctedby s3awve as
dc,hown in Fig. 7 because of the influences of the 25 sensitivity of the
|

RO a&icE NSt We Stid EHaratidlisBcSBFY ferkdBrndangtes a
%&ggﬂst%fm\n ing%eéjecqﬁgte& IQ Fi 'a7’ acurye t35R. %enotgs
' ) S8 G Henotes apccha Lensitvity

spectral sensitivity of an R filter, a curve es Spectra
iof aFGdiltes, atuka cuote $a35R denates spectrak-sensitivity oéa B filier.
Due to various restrictions in production of color filters, it is difficult to

SRFOFE et 3pédtalsensRvitiERe TE hraREmP#fRar dpekkar shown in

SEpSiites, [y examale (16 col) Size A% B2 0d"gIoRs e d.oL Anselgeine
ain may be applied. However,
color matching function. Thus, approximately
transformed matrix calculations for the sRGB color
matching function is given by formula (2).

F(A) 2250 -0.649 -0.089\ /s1.(A)

g(A)y|=1~-0.057 1.574 0384151, (A)] ... (2)

b(1)) [-0009 -0.444  1567) |s1,(4)

The absolute values of all the matrix
coefficients given by formula (2) are smaller than
those given by formula (1). Thus, it is clear that
when colors are separated, noise is not relatively
increased.

Because of the foregoing reason, it is known
that the typical primary color system RGB imaging
device has spectral sensitivity denoted by a curve as
shown in Fig. 6 and has excellent color reproducibility
and noise charactehistic. However, the imaging device
actually has spectral sensitivity denoted by a curve as

shown in Fig. 7 because of the influences of the

sensitivity of the imaging device itself, the

10
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if the cell size is increased, improvement of resolution is sacrificed. If the
gain is applied, noise reduction is sacrificed. As a result, although the
primary color 15 system RGB imaging device has excellent color
reproducibility, it can be more improved. In addition, although the primary
color system RGB imaging device has low color separation noise,
diminante noise as ao dominan componenhef RYise iendstodrarease due
to 20 low sensitivity. In other words, although the primary color system
ReBHREGTRLdSHE Frhd BxEelledttedidid repreddcibifiey & téhds gehaves

large. noise. A complementary.color system, color filter is_alsg known as a
sc%%ﬁﬂ;[eeir. AN ‘88%% gn%gxta% 55'c e%[&é?&? firle %e&b%ﬂr'ifcee ty% color
dgoebwhishdevrLolardiliers ol forexample ¥ (veliovdy-C €xanh Murve

(magenta), and G (green) are arrayed as shown in Fig. 8 11 is known. In
Faf Slenoiatrix b2 x4 dénsted hijt dottdd linds s thefMibireum unit. Fig.
9 is a graph showing spectral sensitivity of the complementary color

system YCME'® Hagifg 4ebRe IRetg 16t B elis WHBANEE spachal
SeRSHVEY OF gL gt aiing ARCANEIes, Sprgilaensiivily of a C

filter, a curve 36M denotes spectral sensitivity of an M filter, and a curve
36465 tderbtes Apeciialisensiivity ™ ana filles A6 shewn- 1048 Fig-£1 since

the sensitivity of each color filter is high, the complementary color system
SPORIG-#Yadings . for example the cell size may be
increased or an electric gain may be applied. However,
if the cell size is increased, improvement of
resolution is sacrificed. If the gain is applied,
noise reduction is sacrificed.

As a result, although the primary color
system RGB imaging device has excellent color
reproducibility, it can be more improved. In addition,
although the primary color system RGB imaging device
has low color separation noise, luminance noise as a
dominant component of noise tends to increase due to
low sensitivity. In other words, although the primary
color system RGB imaging device has excellent color
reproducibility, it tends to have large noise.

A complementary color system color filter is
also known as a color filter. An complementarily
checkered line seguence type color filter of which four
color filters of for example Y (yellow), C (cyan), M

(magenta), and G (green) are arrayed as shown in Fig. 8

11
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device advantageously images an object at a dirk place and has excellent
luminance noise characteristic. However, since spectral sensitivities of
the color 15 filters largely overlap, if the color reproducibility of the
imaging device is improved, very large color separation coefficients are
required. As a result, color separation noise increases. Thus, the color

L o e GO R Lol v tely Y MR

device cannot be improved in comparison wit € primary color
&ystara RGBdnagingréeVviee n T thareris much room for improving the
color reproducibility of the complementary color system YCMG imaging
device. In cohirgist, thé eomplarmehitapn2s tokr spstebr¥TMG imaging
device has large color secparation noise. However, since the sensitivity of

SR8 Lbmplerhentiry BBfor SRR VEMET G dei¥s tem 2%,
sEvRansesaise which is pdomipant.component of poise pf the
complementary color system YCMG imaging device tends to decrease. In
sgthet walds; ¢he tomplementary cwlof isystam Y- CMGrimagsg dewics has
sufficient noise characteristic and insufficient color reproducibility. As
SPESHBRY atfovellvheh the tbndeftichal bAman? calgivsysidi RigBotes

ina device is used.. luminance gpise -hecomes Iar%e due to low _
5 i SEDSlElVl’Eﬁ OX  dn I“ltJ.TIeII‘, an? C{.Irve IJ()G
Sensitivity. In"contrast, when the convenfional complementary color

asysiemsY Gk iragingeleviee is yged colpraeprorigibilityandserpn
separation noise characteristic are insufficient. Therefore, example
igmbédiméntssaagprdvide apnsitivity of each color filter

is high, the complementary color system YCMG imaging
device advantageously images an object at a dirk place
and has excellent luminance noise characteristic.
However, since spectral sensitivities of the color
filters largely overlap, if the color reproducibility
of the imaging device is improved, very large color
separation éoefficients are required. As a result,
color separation noise increases. Thus, the color
reproducibility of the complementary color system YCMG
imaging device cannot be improved in comparison with
that of the primary color system RGB imaging device.
Thus, there is much room for improving the
color reproducibility of the complementary color system
YCMG imaging device. In contrast, the complementary
color system YCMG imaging device has large color
separation noise. However, since the sensitivity of

the complementary color system YCMG imaging device is

i2



imaging apparatus and an imaging device that can solve the problems of
the forgoing imaging devices. Disclosure of the Invention Zn a first aspect
of the inven there is provided an imaging apparatus comprising: an
imaging section having a three primary color system color separation

ni Jiter and a complementary C%Jgﬁéééﬂe{% color separation filler. anda.. ¢
g’slcjnal processing section configured to generate three primary color
noisignats byhgerformingmatiix calctiation proeess for@lifputsignals ofahiece

/AN section.abtained by using bath, the three primanLcolgr systerl, | oy

color separation filter and the complementary color system color '
sy separationfiffer, whed &t Iiminafigd 16iel of A Tmagé obtdiféd by the™°+ 3¢

ondmaging-section is\a firstJuminance region,cand-tg.genrrate-three primary
color signals by performing matrix calculation process for the output

| p .
signals offfie MTEGIRG LettiGh SBfaindd 6y using 130/ thethide primaRy ¥
coxetor syﬁeamcoﬂm&epmmqiltet@m the lumirance leveloithe images e

e SBfaINEd by the ijmaging section is 8 segond luminance regign, which is,
igher than the first luminance region. In a second aspect of the invention,

thahereis’ provided An imagihgrprotessingcapparatusy for processing ouyguitn g
aeSIgNAlS of animaging, deyice having.a three primary color,system,eolor ; o,

separation filter and a complementary color system color separation filter,
nolisyid iage prstessing: apparattistomprisiid:-a signal processing section

configuredrio.generate thregprimary colersignalsy may provide an
imaging apparatus and an imaging device that can solve the
problems of the forgoing imaging devices.
Disclosure of the Inventian

In & first aspect of the invention, there 1is

provided &an imaging apparatus comprising: an limaging
section having a three ©primary color system color
separation filter and a complementary color system color
separation filter; and a signal processing sectionb
configured to generate three primary c¢olecr signals by
performing matrix calculation process for output signals of
the imaging section obtained by using both, the three
primary color system color separation filter and the
complementary cclor system color separation filter, when a
luminance level of an image cbtained by the 1lmaging secticn
is a first luminance region, and to generate three primary
color signals by performing matrix calculation process for

the cutput signals of the imaging section cobtained by using

13



performing matrix calculation process for output signals of the imaging
device obtained by using both, the three primary color system color
separation filter and the complementary color system color separation
filter, when luminance level of an imaging obtained by the imaging device

13 2.5t luminance region, and to generate three. primary color signals by,
p%rﬁ:rmin‘@ At Galeilation process for the output signals of the
whaémaging deVice: nbtained byvgsingdhly the threeygrdmarp tolorsystém  the

: £Q1Ql; separation filterwhen luminance Jeyel of the image ; abtaingd bythe;
imaging device is a second luminance region, which is higher then the
higipstuiridande regicrt. SKlse 'disclés6¢ isr&Y ifidging apparatus having an

imaging seefion; animage inputting segtion:composed of asfrontend;,and ; s

a signal processing section which processes a plurality of image signals,
pf%\ﬁb%ﬁéld fiin thE 7Aabe ifpiittity Sébton aRE Yeheratesthree Priftary © + 79
cutcelar sigpals; whereintheiimaging seetion-hasathree primaryeeolerimary

o fystem color sepavation filler, 2.I3a complementary,color system.color, .,
séparation filter, &nd an m%‘@mg dévice to which Eolor lights se%argfed “by“y

colhe colos tseparation filters are input, Whetein the signaliprogessingcessing
apS8eHo performs 2, mair salculating pragess for e pluralityof signals: ;o
obtained by the three primary color system color separation fthe_r and the
cogbhpler@éntdry colsrsystem. coloF sepakatioh? filfer &nd genefated thHree LY
pe PHMAY£OIrSignals inafitst - s on process for output signals of
the imaging device obtained by using bhoth, the three
primary color system color separation fililter and the
complementary color system color separation filter, when
luminance level of an imaging obtained by the imaging
device 1s a first luminance region, and to generate three
primary color signals by performing matrix calculation

=

process for the output signals of the imaging device
obtained by using only the three primary‘color system color
separation filter when luminance level of the image
obtained by the imaging device 1is a second luminance
region, which is higher then the first luminance region.
Also disclosed is an imaging apparatus having an
imaging section; an image inputting section composed of a
frontend; and a signal processing section which processes a

oy

plurality of image signals supplied from the image
inputting sectlon and generates three rimary  color
signals,

wherein the imaging section has a three primary

-

coler system color separation filter, a

13a



region of which input image data are in a low/middle luminance level, and
wherein the signal processing section performs a matrix calculating
process for three primary color signals obtained by the three primary
color system color separation filter and generates three primary color
signals in a_second region of which the input image, data are in a high__
AR 6ol RISb renladtt s an aghis dodie Sombbosd of a-t5ial™"
imaof fiug cotorfiters:of thnee: primary color filters obRa(red) G fgreen); andlor
e Bagfbalt Gi) %f %Piignarrg cg!:oegr system and two color filters of Y (yellow) and C
Ei’cyar% ot a compﬁementary S)}éterﬁ, wherein G filters having a luminance
characteristie simifar td:hurnaneyés arearayed in @ <checker shiapecsois a
nad3tsPaca inforroation of green.is abtainedfour fimes ajqer than thatgf,
each of the other colors. 14 In example embodiments, since color filters
obof MfividcdlorstdfspriviansscatorisystemRG Brandycormplemtamarys epfora t ion
£1 System, XC arg.combined for.an imaging device,calor reproducibility can .,
be improved and color separation'noise can be decreased. In addition,
L1 putputEignals of E6lors filersast Ve iéblors ocf RGBY Elgresselecteda first
re&?&rﬁSp@@d'%}%@ lumi ance l@é’&‘nﬁveﬁf‘ _J{Q%Q'nga%V'C%ﬂanﬁg RIGREE: dd1e
color reproducibility and higher sensitivity, namely lower noise, than
lufese6fa priffdny colét system imaging device or a complementary color

system imaging.device,ean:hera1 processing section performs a

=
T

co

matrix calculating process for three primary color signals
obtained by the thres primary color system color separation
filter and generates three primary c¢olor signals 1in a
second region of which the input image data are in a high
luminance level.

Also disclosed 1s an imaging device composed ¢f a
total of five color filters of three primary color filters
of R {red), G I(green), and B (blue) of a primary color
system and two color filters of ¥ (vellow) and C (cvan) of
a complementary system,

wherein G filters having a luminance
characteristic similar to human eyes are arraved 1n a

£

checker shape so that space informaticn of green 1s
obhtained four times larger than that o¢f each of the other

colors.

14



accomplished. As a result, a scene having a wide dynamic range can be
captured. Brief Description of Drawings Fig. 1 is a schematic diagram
showing an array of colors of a color filter of an imaging apparatus that
has been proposed. Fig. 2A and Fig. 2B are a block diagram showing a

structure of a signal proceseing section of the Imaging. apparals that has
been proposed: Fig 3 15 a Graph showiilg an“example of & color- matching
fitenctiohoFiy. 414s @ giaphrshowingan example 6can sRGBcealpi ementary
{natchin tfuncti? . Fig. 5is a}gi%présr}:owin% spect_{rﬁal sensitivity. of a .
““three-color filter thaf satisfies the router condition. 15 Eﬁ& G%E%léjrea’phmlo*
reghouing spéctral sensitivity ofiaconventional thrée-prirery-cotorofiltercise

cal 1% 198 9raph showing %pe?&é{&l?isgﬁﬁi?i}ég}%%&% p@@?%%%'oro%yﬁggi rs
RGB imaging device. Fig. 8 is a schematic diagram showing an array of
f1kelors of a éolot filter lof ascondplétfiBiitanyacslorssystern Y C MGrintaghag d L ng
Lo d§Vi£§m}9£{g-e9 @@%Qfa}pmﬁhCﬁ%lesfpgeCHQ'lrfggswglig_{Q&tk}% gher color
complementary color system YCMG imaging device. Fig. 10A and Fig.
reppBldrelséhematiGaidgrargger sensitivity, namely lower noise,
than those of a primary color system imaging device or a
complementary color system imaging device can be
accomplished. As a resuit, a scene having a wide dynamic
range can be captured.
Brief Description of Drawings

Fig. 1 is a schematic diagram showing an array of
colors of a coleor filter of an imaging apparatus that has
been proposed.

Fig. ZA and Fig. 2B are a block diagram showing a
structure of a signal processing section of the imaging
apparatus that has been proposed,

Fig. 3 is a graph showing an example of a color
matching function.

Fig. 4 is a graph showing an example of an sRGB
color matching function.

Fig. 5 is a graph showing spectral sensitivity of

a three-color filter that satlsfies the router conditlion.

-t
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showing an array of colors of the hybrid RGBYC imaging 15 device. Fig.
11 is a graph showing spectral sensitivity of a hybrid RGBYC imaging
device. Fig. 12 is a schematic diagram describing a signal process using
output signals of the hybrid RGBYC 20 imaging device. Fig. 13 is a flow
chart showing a flow of a signal process according to the present

invention. Fig; &4 ig aflow,chart showing.a flgw o @salartransforming
process according to the present 25 invention. Fig. 15 is a graph showing
se@hlidhari taccofding twtheepresentihvehtier ItcFiga 16 issa gsaph
showing the comparison of CNs of a hybrid RGBY imaging device, a
%‘rﬂrﬁ&?'color system imaging device, and a complementary color system

imaging devi,rcgggcl(:)j,?dilg IS Z%ggﬁ]ﬁdiq_%g@ns?h%vggggga ample of a

signal process Ing to odiment present invention. Fig.

skéhisia sehampatie diagsamnshewing aprexympeniasiiansitien A
weighting gain coefficients 10 during a signal process. Best Modes for
dearying out the Invention According to the present invention, an imaging

device has a_hybrid RGBYC color filter. comEosed of a primary color
system RGE flifer ahd & Schematic dlagram showing an

array of colors of a color filter of a complementary
color system YCMG imaging device.

Fig. 9 is a graph showing spectral
sensitivity of the complementary color system YCMG
imaging device.

Fig. 10A and Fig. 10B are schematic diagrams
showing an array of colors of the hybrid RGBYC imaging
device.

Fig. 11 is a graph showing spectral
sensitivity of a hybrid RGBYC imaging device.

Fig. 12 is a schematic diagram describing a
signal process using output signals of the hybrid RGBYC
imaging device.

Fig. 13 is a flow chart showing a flow of a
signal process according to the present invention.

Fig. 14 is a flow chart showing a flow of a
color transforming process according to the present
invention.

Fig. 15 is & graph showing a CN chart

according to the present invention.
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15 complementary color system YC filter. Various types of arrays of
colors may be used for the hybrid RGBYC color filter. In this example,
color filters shown in Fig. 10A and Fig. I0OB are used. In Fig. 10A and Fig.
10B, RGB denote filters that transmit red light, green light, 20 and blue
right, respectively. On the other hand, YC denote filters that transmit

yellow light ahdiyah® lidtft, fespedhVel§Re: 2EA HHe SGTPOR £32R shbw
ARg muBimum. YAl 64 X 4o ﬂﬁafag{?ygo%%@?rrc@t,er% ¢qrding to.zp fpe

present invention. The arrays of'the olor filters shown in Fig. 10A and

Hig+10B fealyieip het-the=G HirrsavkichpIeplose4eq ludinancesigral
of the 17 human eyes that directly relates to the resolution are arrayed in
iangledeker éhEpeenamely, the number of G filters is four times larger than

th ber of filters _of each af other colors. in oth ds, th ber of
5 G fiters is Bt i 16 Hef> SHREMNAGHUhiC 1AHerEds e RRR o

dJiters 9f gaeh ofpthe-ather £olorsds o8 Rigr 1M Jawrmensitiyity foys
(G, R, G, and B) and high sensitivity rows (C, G, Y, and G) are alternately

raresmtinisackdinisodf.exposure time 10 is varied in each line, signals can
be read with a large dynamic range. Fig. 10B shows an array of which
each line arti€achtfowEortaiiriifa iter S ARG T 17& 8RR Jfiltts are

%g&%@g NSUVILY filten 209 AJRWoo SENYINNIC A EUS L BUS BH8Y x
during a signal process.
Best Modes for Carrying out the Invention

According to the present invention, an
imaging device has a hybrid RGBYC color filter composed
of 4 primary color system RGB filter and a
complementary color system YC filter. Various types of
arrays of colors may be used for the hybrid RGBYC color
filter. In this ewxample, color filters shown in Fig.
10A and Fig. 10B are used. In Fig. 10A and Fig. 10B,
RGB denote filters that transmit red light, green light,
and blue right, respectively. On the other hand, YC
denote filters that transmit yellow light and cvan
light, respectively.

Fig. 10A and Fig. 10B each show the minimum
unit (4 x 4) of an array of color filters according to
the present invention. The arrays of the color filters
shown in Fig. 10A and Fig. 10B feature in that the G

filters which are close to a luminance signal of the
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little difference of luminances both in the horizontal direction and the
vertical direction. Consequently, when the array shown in Fig. 10B is
compared with that shown in Fig. 10A, although the former uses a 20
complicated signal reading method, since it is advantageous for a spatial
interpolation characteristic, it can easily accomplish smooth gradation.
Fig. 11 is a graph showing spectral sensitivity of the hybrid RGBYC color
filter. In Fig. 25 11, a curve 37Y denotes spectral sensitivity of a Y filter, a

_curve 37C denotes spectral sensitivity of a C filter, a curve 37R denotes
hum%ﬁegt}]a‘ﬁ sseﬁsﬁﬁit? 10%50&% ifilt*esrg,*éﬂr%: 5 cfﬁ?vg:g’?B H%%gl#e%% Bilter: As
arraffjewnim Eigchéospectedi spasitivaypel pach becolor¥rand Gof the

filggg'%%rge@@% color system fs.higher than, that gfieach of celors It, G,

an the primary color 5 system. Fig. 12 shows the relationship
of patedrfan tblettrieccharge amdurt @ ahd gt antddntPERed i the

¢ rimaging device: for each color:ofthe £9l0s filter, INgkigs A2nQsrdanotes a
saturated electric charge 10 amount, 38C denotes [LF;ﬂ Q] characteristic of

whe 3 %2 ilieh 3V HeR bt [P LOF Bhardttefdicof &Y Hifer°38Rdenotes [P -

co1 @} eharcterstic afrarrRy filten 88G denetes P +1Q)icharactesistic of R,G

filter, 38B denqtes [P - Q] characteristic of a B_ 15 filter. As shown in Fig.
G, TQ?a%éH%?éZ%ﬁ% as§§51b1v1uy rows {C, G, Y, ana WP

are alternately arrayved in each line. If exposure time
is wvaried in each line, signals can be read with a large
dynamic range.

Fig. 10B shows an array of which each line
and each row contain twoe G filters and the two other
filters are a high sensitivity filter and a low
sensitivity filter. Thus, in this array, there is
little difference of luminances both in the horizontal
direction and the vertical dirsction. Consequently,
when the array shown in Fig. 10B is compared with that
shown in Fig. 10A, although the former uses a
complicated signal reading method, since 1t is
advantageous fér a spatial interpolation characteristic,
it can easily accomplish smooth gradation.

Fig. 11 is a graph showing spectral
sensitivity of the hybrid RGBYC color filter. 1In Fig.
11, & curve 37Y denctes spectral sensitivity of a ¥
filter, a curve 37C denotes spectral sensitivity of a C

filter, a curve 37R denotes spectral sensitivity of G

18
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filter and a C filter having high sensitivity quickly stores required electric
charge even if light amount is small. In contrast, a cell of each of a R filter
and a 20 B filter having low sensitivity is not quickly saturated with electric
charge because the speed at which electric charge is stored is slow even
if light amount that enters the cell is large. Using the difference of the
fchhF&dteristd 6f tFESY Belfi! BnERRt&ge Bafind ANV lardesdyiemie
range can pe captured. For example, since a cell of.a C filter is_first
R s L R P S Fomconsin P or
amicls eleetiqehaaifds ciriHiaied inhedsellsf she ke filterma dawmiddien
luminance region and a high luminance region are defined. Thus, when
tAraimage kashunsifianod arthers Idww/middie Fuminhahbe regiomasignalolor
values of five colors R, G, B, Y, and C are used. When an image has
SEfmifhce in the high luminance region, since the cells of the Y and C
filters are saguafed with, glectric, gharge, signahyglyss of three colgss R,
G, and B are 10 used. Since color filters are switched corresponding to
dusdiance eftairigeagentoabe generatied; ilcamhalwaysuhavera yeorwitein
dynamic range. Luminance of an image can be determined
Eredpoadng BTvieRahple SIgRal vallesrofad, ¥hangolBso forthter -
Ighiﬁzte are f'&gn }S/aléles of an imagg]gldevic and which contain a

. n?Eﬁs a rated electric charge
[Uminahce component of thé human eyes.

amount, 38C denotes [P - Q] characteristic of a C
filter, 38Y denotes [P - Q] characteristic of a ¥
filter, 38R denotes [P - Q] characteristic of an R
filter, 38G denotes [P - Q] characteristic of a G
filter, 38B denotes [P - Q] characteristic of a B
filter.

As shown in Fig. 12, a cell of each of a ¥
filter and a C filter having high sensitivity quickly
stores required electric charge even if light amount is
small. In contrast, a cell of each of a R filter and a

B filter having low sensitivity is not guickly

saturated with electric charge because the speed at

which electric charge is stored is siow even if light

amount that enters the cell is large. Using the

difference of the characteristics of these cells, an

image having a very large dynamic range can be captured.
For example, since a cell of a C filter is

first saturated in five color filters, with a boundary
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To calculate signal values of RGB of an image with signal values of the
imaging device, a matrix 20 calculating process is required. For example,
the matrix calculating process for transforming signal values (Rin, Gin,
Bin, Yin, Cin) of five colors of RGBYC into signal values (Rout, Gout,
Bout) of a generated RGB image can be expressed by formula (3) 25 with
arateiy CoetfigiantsRb3nt 5 pRORIP RALL M0 SR MFMaGL0L5qYy = M5
ma m7 m8 m9 . B,,, ... (3) Bou, mio mll m12 m13 m14 Yin c. Since the
saavix xoefficientd ot fareiula ¢3) the niatdx taleulatien Loefficiehts of
linear signals, they are referred to as a linear matrix. For details 5 about

THETRARES of B8EMMiIARG the RASE: AR ARES (& FEFSREREDocUment
dRElakam! Migipaga, Hagva KalpKepiei Hishig, ahelhqg,of fyaluating

Spectral Sensitivity of CCD Color Filter Considering Noise (Translated
1ot mirealehponeis ef Cotprdrorue i dAPAN 2@03, 1. £8vre32
(2003)). Next, image data having different luminances will be described in
AT In The Eas@of Bw/AlddIE |dmhaaeedmagéhgataan Siwnes digral

values of R and I% hav'glg Igw sensitivity become large, the influence of
lumln?n$F in the gh luminance region, since the cells
noise to thé

4+ :

1) Vo oanAa Y F
+ A= £

+ F=S
. L £ L& LA

Q

charge, signal values of three colors R, G, and B are
used. Since color filters are switched corresponding
to luminance of an image to be generated, it can always
have a very wide dynamic range.

Luminance of an image can be determined
corresponding to for example signal wvalues of G, Y, and
so forth, which are signal values of an imaging device
and which contain a luminance component of the human
eyes.

To calculate signal values of RGB of an image
with signal values of the imaging device, a matrix
calculating process 1s required. For example, the
matrix calculating process for transforming signal
values (Rin, Gin, Bin, ¥in, Cin} of five colors of
RGBYC into signal values (Rout, Gout, Bout) of a
generated RGB image can be expressed by formula {3)

with matrix coefficients of 3 x 5.

20



10

15

20

signals becomes small, and the signal values of Y and C are not
saturated, signal values of all five colors of the hybrid imaging device can
be used. Since the 20 number of colors of the hybrid imaging device is
larger than three colors of the primary color system, the hybrid imaging
device has higher color separation characteristic than the primary color
system. Thus, the hybrid imaging deVice can perform an excellent 21
iMaging (prycess, withigespect tar bpth@plpr reproducibility and noise

gdugtion,,In the casg of high lymihance image %@e}: When signal values
$ dnd C having high 5 sensitivity jaré $aturated, an image is generated
itk /sigralovallies dFme Ffemalffing ?ﬁe colors R, G, and B. This state is

the same as that state in which the \fimary color system three-color

imaging agi.g.device is used. Thus, the hybrid imaging device has color

10 reproducibii§ Ahd AGisE s dadtiorofthd SAFRI8VAT ad A& Bhifhaly )

£oloTRyslen thgecolorimaging deyiee s has. Nexk an imaging appaatus
using the foregoing hybrid RGBYC imaging device, for example & 15
thgital stk campea;rwill becdescribetli hloneveg the presentinvridonlis not
limited to a still camera, but is applicable to a moving picture camera.

3RAEH thé forB§sing hybfidiREBYE HMaging hfeideRaAB d8dH Bldamera, it

AR0R8" e 2R FRRroguebilty, and neiRg SRR IRlGInan qgapsra
Katou, Kenichi Nishio., "Method of Evaluating Spectral
Sensitivity of CCD Color Filter Considering Noise
(Translated Title)", Journal of papers of Color Forum
JAPAN 2003, pp. 29 - 32 (2003)).

Next, image data having different luminances
will be described in detail.

In the case of low/middle luminance image
data:

When signal values of R and B having low
sensitivity become large, the influence of noise to the
signals becomes small, and the signal values of Y and C
are not saturated, signal values of all five colors of
the hybrid imaging device can be used. Since the
number of colors of the hybrid imaging device is larger
than three colors of the primary color system, the
hybrid imaging device has higher color separation
characteristic than the primary color system. Thus,

the hybrid imaging device can perform an excellent
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that uses the primary color system three-color RGB imaging device and
the complementary color system YCMG imaging device. Next, according
to the color filter 25 evaluating method described in the foregoing
Reference Document 3, a method of drawing a CN chart of the three
imaging devices, which are the hybrid RGBYC imaging 22 device, the

DHE N SO SYStRM dhrer-calarREB imagihgeviss, and the
complementary color system YCMG imaging device, will be described

Heipflg Aébdndiion 2 B0A 9 imagingesbnelitioms,. a standard light source

D55 defined by CIE is used. As a tar%et a Macbeth color checker is
used. A caméfh difal 588 SE R irjr?‘fbl.ﬁ%r@%eﬁ’@ﬁfﬁ@d 9R&FData

41 are obtaiped 4 segeral hRTREIETscsOlihe doial 0 sl gamera by
integrating the product of the spectral sensitivity of the color ilfer of the

seagingi devige athe spaoited teffectance ahay 0108 paisheafdhe aMackgth
color checker, and the spectral radiation luminance of the imaging light
SHIRSE: HalWhite 25 bElkhcectvrhpénsatiitsecess Lo 2hB raf.daad 1B -

re_multiplied b ain_so that the Jevel of data of each _of colors
@ls S%agw ﬁ%o%g it %L?’E c%?&??héféaﬁ%ﬁﬁat&ﬁor

ecomes equa fat of an achromati
franedesning nsecesss #3nsignakywalues dineathopropartianal 10.a ; ¢ yseq.
luminance 20 signal are approached to target colors by a matrix process.

Thivis prédeshdrddespoulsig tletibear has color

reproducibility and noise reduction in the same level
as the primary color system three-color imaging device
has.

Next, an imaging apparatus using the
foregoing hybrid RGBYC imaging device, for example a
digital still camera, will be described. However, the
present invention is not limited to a still camera, but
is applicable to a moving picture camera.

When the foregoing hybrid RGBYC imaging
device is used in a camera, it has higher color
reproducibility and noise characteristic than a camera
that uses the primary color system three-color RGB
imaging device and the complementary color system YCMG
imaging device.

Next, according to the color filter
evaluating method described in the foregoing Reference
Document 3, a method of drawing a CN chart of the three

imaging devices, which are the hybrid RGBYC imaging
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matrix process. Hereinafter, this matrix is sometimes referred to as MAT.
In the color transforming process 43, signal values become three colors R
(Red), G 25 (Green), and B (Blue). When the number of colors of the
color filter is denoted by N, the white balance compensating process 42
becomes an N x N diagonal 23 matrix calculating process. The color

RRSFSTmik g SpRELESES et dRTesSY 35N nvdtaR earekaifigiBeess.
Finally na,.co nsating process 44 is performed. As a resul
1ﬂﬁ@£n§g%%pggh,'g§%”%% é%?ﬁ%ﬁ%ﬁﬁ$ﬁ£ﬁ4co or ﬁ?ﬁﬁfm %CMG

canmiera RGB 45 are obtained as OWEVET,

exagiple, idverted gamima charatteyisticsof sRsh angused as camera
gamma characteristics. The hardware of the digital still camera is the

same as the Bteetrd bf iimsignal process shown in Fig. 2A and Fig. 2B.
10 It is assumed that the camera RGB obtained in such a manner are

reproduced BY a STEHEHE sEEEHOART -afd 5558960 n bisdrtwords, it
de@ssumeekihalthe, camspa REB ate galogs of the %R%I%Oéf;r Space.

However, since the camefa RGB also calculationally have valuies 15 out
Mafdhe SR @B ramgestkisiconsitered aat to aligthfe £aloss gutaf thedange
of the sSRGB colors. Definition of color reproduction evaluation index: The

sEERditRrdice bertebh tREBEPIDD-sighals dtafe cdmerFand the

MRS SRR B assE s ens Lrssnene,
still camera by integrating the product of the spectral
sensitivity of the color filter of the imaging device,
the spectral reflectance of a color patch of the
Macbeth color checker, and the spectral radiation
luminance of the imaging light source. In a white
balance compensating process 42, the raw data 41 are
multiplied by a gain so that the level of data of each
of colors becomes equal to that of an achromatic color.
Thereafter, in a color transforming process
43, signal values linearly proportional to a luminance
signal are approached to target colors by a matrix
process. This process 43 corresponds to the linear
matrix process. Hereinafter, this matrix is sometimes
referred to as MAT. In the color transforming process
43, signal values become three colors R (Red), G
(Green), and B (Blue). When the number of colors of

the color filter is denoted by N, the white balance

compensating process 42 becomes an N x N diagonal
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values, camera L*a*b*, are calculated according to a flow chart showing
Fig. 14 using a 709 type matrix M709 25 or the like. The L*a*b* values
are a color space defined with three stimulus values of standard light. CIE
24 proposed U*V*W* as a uniform color space in 1964 and L*u*v* space
that is a modification of the U*V*W* space in 1976. In addition, CIE

rgnosed *arp* c AB) as.a cql ace corresponding to
I{Rhe color %#(%%Egggaﬁégéﬁéglé i?lﬁ:}r?y %§%§%egigr? rllns%sé)f i Fig.
fdoatiesan SRR gagyNa proGess Saisrperferaed:ios the gaper RGB
51, a transforming process 53 is performed. In the transforming process
53, RGB ard'it@idfdimed irgTHee SHARAGS 9dllas Xr2drasl0l4 is

tranggorrmir&g process 54, X\_(l% are transformed into L*a*b* using a 709

g
Hype Matrix M709'55. AS B%eSult, 8iivera F¥Bb® 26308 AR SBRTh&F
Fheaf0Dtypsuratrix MR Ja deseribed,ins Reference Dagument 14 15 The

L*a*b* values that that human eyes can see are calculated with the
gpovialoricetaner i0f tHe MadbetR @D lonoheckerdandsthesspectrabamma
radiation luminance of the standard light source D55. As an evaluation
FhESHe 6B OIS0 reprRILRIRY HrtaddafB AR ialeFAEa] 61 24

saotiheddacheloolr dheckaliased, Iispalie, becames 2

function AEa (MAT) of MAT coefficients during a signal procass of the

eiR8saSsgiyen byrfomgla (4p and Fig. 2B.

It is assumed that the camera RGB obtained in
such a manner are reproduced by a standard sRGB monitor
and observed. In other words, it is assumed that the
camera RGB are colors of the sRGB color space. However,
since the camera RGB also calculationally have values
out of the sRGB range, it is considered not to clip the
colors out of the range of the sRGB colors.

Definition of color reproduction evaluation
index:

The color difference between the output
signals of the camera and the human eyes is calculated
as a delta E (AE) wvalue. It is assumed that camera RGB
are data of the sRGB color space, corresponding L*a¥*b*
values, camera L**'b*, are calculated according to a
flow chart showing Fig. 14 using a 709 type matrix M.
or the like.

The L*a*b* values are a color space defined

with three stimulus values of standard light. CIE
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24 4EQ (MAT) f AEK (MAT) ... (4) 24K 1 25 where AEK : AEk of k-th color
patch; MAT : color transform matrix coefficients 25 Definition of noise
evaluation index: As a model of noise contained in output signals of the
imaging device, formula (5) is used as a definition expression. This
definition expression is 5 described in Reference Document 4, (G. C.
Holew seE 0V ARRA YSSCAMERAS HAJDISRL AAr3i2adiEd. 1 9€D and

yblishin 99 Yoive raw - yvas CT CCD ' h ShotNojse2 +
ICadINGRR S o AR SR GOR BEa T RIS Lrls space
focugrent 5.rekenichi Nighio, ¢ g@&g@@é&% Ganegs (t
title)", Color Forum Japan '99, pp. 143 - 147 (1999) ), as and bd are
(Glisadeperslirg on dewvicepeharacteristisp {satirage d eledronamaount

and so 15 forth) of the CCD. as CV_CCD denotes optical shot noise,
FihaY eR FBisE I pSn SRR IeHehas Thva SRAAFVAIRELER demoldy/ 6 -

floor noise, a nagise c ent th es not de end on a signal
value (refer toriﬁlfyL en((:ieizo %%]g%r%ent 4§k 2 e roise N geoac?sss 39ng

puepagaied teyarieds colpksRacre®yshe camarasssigna HeCessRIKE s
L*a*b* transform. Next, a propagation model of noise will be

53 is performed. In the transforming process 53, RGB
are transformed into three stimulus values XYZ. In a
transforming process 54, XYZ are transformed into
L*¥a*b* using a 709 tfype matrix M;,s 55. As a result,
camera L***™ 56 are finally obtained.

The 709 type matrix M;ys is described in
Reference Document 1.

The L*a*b* values that that human eyes can
see are calculated with the spectral reflectance of the
Macbeth color checker and the spectral radiation
luminance of the standard light source D55.

As an evaluation index of the color
reproducibility, an average AE value (AEa) of 24 colors
of the Macbeth color checker is used. This value
becomes a function AEa (MAT) of MAT coefficients during
a signal process of the camera as given by formula (4}.

AE (AMT)——I—:"AE (MAT) ... (4)

where ABEx : AE, of k-th color patch; MAT : color

transform matrix coefficients
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outlined (refer to Reference Document 6, (P. D. Burns 25 and R. S. Berns,
"Error Propagation Analysis in Color Measurement and Imaging”, Col.
Res. Appl, Vol. 22, pp. 280 - 289 (1997)). 26 When input signals are
linearly transformed into Y =[Y1, Y2, .., Ym]t with an (m x n) matrix A,
the expression can be written as follows. Y = A X .. 5 Now, it is assumed
that a variangrsggvarianse gmatry o putsighals s giyaa:py formula
(6). 2ai U1, ... aln a21 U2 T mi"e (6) 2 n1 n2 " an The diagonal
components d6fanudal8) € noiSewanantevakés of therinput signal. If
input 10 signal values do not correlate, covariance components of matrix

Scjo%‘r_?o]r%n?sf (ng?ﬁeI§7f“ﬁ§r’r—‘2_)$ad%‘?1‘é?‘ESmQSHEH‘t‘éfaoeﬂ:%_?neiﬁ. Bffs B6int
R YARNEESPRHBNEE LIAX ObAYDULBNATE:Y B ISIBLRY IR (1)
Ey = A Ex At...(7) 15 Formula (7) 1s a logical propagation expression of
desiservaréancenv ale€s obacler spacesefinearly transformed therebetween.
To transform camera RGB values of the final output signals into L*a*b*

ARRASSS SAHEERABedMURISPLAYS 2nd EA. ", JCD Publishing
(1998)).

; - e
Nozsem . V/as C,/’7CCD+bd

raw

— v ShotNoise® + DarakNoise® . . . (5)

In formula (5), as described in Reference
Document 5, (Kenichi Nishio, "Chromatics of CCD Camera
(translated title)", Color Forum Japan '99, pp. 143 -
147 (1999)). as and by are values depending on device
characteristics (saturated electron amount and so
forth) of the CCD.

ay; © CV_cep denotes optical shot noise, namely
a noise component that depends on a signal value. by
denotes floor noise, namely a noise component that does
not depend on a signal value (refer to Reference
Document 4).

The noise Noise_.,, is propagated to various
color spaces by the camera's signal process and L¥*a%*b*
transform. Next, a propagation model of noise will be
outlined (refer to Reference Document 6, (P. D. Burns
and R. S. Berns, "Error Propagation Analysis in Color
Measurement and Imaging”, Col. Res. Appl, Vol. 22, pp.

280 -~ 289 (1997)}.
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20 definition of color reproducibility, when the XYZ space is transformed
into the L*a*b* space, values are partly non-linearly transformed.
However, since noise variant values are normally small, the XYZ - L*a*b*
transform can be approximately expressed as a linear transform 27 using
a Jacobian matrix JL*a*b described in Reference Document 6. Thus, an
approximate WtAx MBEH witoRihich BHGinaRsIgAaI3 aré iRB&dprmed
fransfoymed.into L*a*b* values is giventtﬁ/ folrnm la (§).n Mt%tgl T JLﬁa*b*
09" MAH’YWBK/f'... (8)'Whe?’é“%lv K1 SWhite balante Maffix. MAT “éolor

HranségrpT daatiix Wik ihemnalky given Risfopmutad®@s and the noise
propagation theoretical expression given by 10 formula (7), noise variant
Watugs of ¥he final output signal values can be calculated by formula (9).
Or 2L' QL*a* Qa*b. Lab=aa.L. a'a- aL*h. ... (9) Ora-b- ab*L. C v = Mtotal
IRGBraw MtOtaFr with ridis€ &iiififts BER6af, AT ¢ipeshtameyrignee

J&O&E&r%@%ﬁ}a&@a&@8&?31\@'l:kesig%x@gﬁs)ogeﬁe%%{?xiow'@ (10)
are calculated. In addition, the averagé value TNa of TN values of
patches of 24 colors of t?e Macbeth color checker is referred to as the

noise|Evalu&tion indeX12f ... (10) 20 TN. (MAT) = 2f

Ty Tz e O

zgx= : : . —F e (8)

The diagonal components of formula (6} are
noise variance values of the input signal. If input
signal wvalues do not correlate, covariance components
of matrix components (namely, non-diagonal components)
become 0. At this point, a variance-covariance matrix
of output signals Y is defined by formula (7).

Sy = A Zx - At ... (7)

Formula (7) is a logical propagation

expression of noise variance values of color spaces

linearly transformed therebetween.

To transform camera RGB values of the final
output signals into L*a*b* values, as described in the
definition of color reproducibility, when the XYZ space
is transformed into the L¥a*b#* space, values are partly
non-linearly transformed. However, since noise variant
values are normally small, the XYZ - L#*a*b* transform

can be approximately expressed as a linear transform
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k=1 where TNk TN value of k-th color patch; MAT : color transform matrix
coefficients The TN values highly correlate with noise that the human
eyes sense in consideration of both a 28 luminance component and color
components of the noise. The TN values are defined by the following
formula with L*a*b noise amounts. TN= (W,)-+(C )z+(W,)- ... (11) b51In

Jeunulad13h b % M amaand Why are \ﬁ%igl-!%%%efﬁ?iji%s L9138
amounts GL*, Ga*, and 6b*, respectively. WL*, Wa*, and Wb* are
Dexpenienantdl. arthaxperiencavaiesiakiaimesd oyrvisibiity . expesiments.
10 Method of deciding parameters during camera signal process:

wEIShHi G IR cSrRRAES arecdddded living Basighaiymnededa Frst,
with. a.calor. reproduction evalyatiqn index A nd a noise 15 evaluation
Llnéeffr I%Lgl JCL]‘:GI[\% (g%n%lrgﬁgns% eqé]?r%rrl Stri ) ?/alues are defined by
Mormula (32), CEM@IAT) _vaMe - AlsMMAT))- 5 éWn TNa (MAT))2 ... (12)
where we weighting coefficient of color reproducibility; wn : weighting

whsafficidRtof:noide. 120 mbantw hentwaightiMd Toefficiehtsrwemmntsworm
m%%rﬁiponding to the evaluation coefficients are

With the matrix given by formula {8) and the
noise propagation theoretical expression given by
formula (7), noise variant values of the final output
signal values can be calculated by formula (9).

G Opuge O

¥ gk Pk 2
EL a*b*=10,y. Oa Upgl| +--. (9)
2
Oyupe Tpope O pe

a

= Meotar * Sreraw  Meotal'

With noise amounts op*, o,%, and oOy* obtained
from formula (9}, total noise values (TN values)
defined by formula (10) are calculated. 1In addition,
the average value TNa of TN values of patches of 24
colors of the Macbeth color checker is referred to as

the noise evaluation index.

_ 1%
TNQ(MAT)=§ZfTNk(Mr) ... (10)

k=l

where TNy : TN value of k-th color patch; MAT : color
transform matrix coefficients
The TN values highly correlate with noise

that the human eyes sense in consideration of both a
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decided and MAT coefficients that minimize the CEM values are
obtained, a filter can be evaluated while 25 color reproducibility and nose
amount are adjusted. Method of creating CN chart: 29 By varying we and
wn of the foregoing CEM values, MAT coefficients are calculated. With
the calculated MAT coefficients, the color reproducibility evaluation index
1apd BABRe PRRREERIIFatRIingex TN LS aPO B tiataf AhshovaliFe -
the results are ploited sp that the harizontal axis denotes AEa
qgln% tJf]e verticar axis de%o n‘ﬁé) E)a“é [Egl%r Fe %8&’&8.% sslﬁofgéfh
egginafitardbissplgtehart is some-Limes referred to as the CN chart). The
CN chart denotes the 10 capability of a color filter set to be evaluated. A

lower feft reglon(pf Flg 15,denotes a region in which both color
T¥pr |tyé:g/d*ﬁ| racteristid dfe good. An upper right region of
Fig. i5'a regloﬁ in which both color reproducibility and 15 noise

(:haracterlstlcl‘rT1 Julus, fli% moye,the plpt is ¢l s%tg the lower left
ert

region, the hi e performante of the filtef setis. Wheri €ach filter set

weimevalyatedds piiliachand sempaiad: iGRARE dntyjtonaly.detgrgined

which of filter sets is 20 excellent. Generally, the locus of the CN chart is a
Ogdirversfspieicts thve lopver Bitregiar is eonlvaket. Ihesexwenitihe rcotor

roducibilit ood, the noise characteristic is bad. When the noise
R SRR T o THE Bl T oo At b bior

experiments.

Method of deciding parameters during camera
signal process:
Specifically, MAT coefficients are decided

during a signal process. First, with a color

reproduction evaluation index AEa and a noise

evaluation index TNa, CEM (Comprehensive Error Metric)

values are defined by formula (12).

CEM (MAT) = \[(we - AE, (MAT))* +(wn-IN,(MAT))* ... (12)
where wc : weighting coefficient of color
reproducibility; wn : weighting coefficient of noise
amount

When weighting coefficients wec and wn
corresponding to the evaluation coefficienis are
decided and MAT coefficients that minimize the CEM
values are obtained, a filter can be evaluated while
color reproducibility and nose amount are adjusted.

Method of creating CN chart:

29
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25 words, the color reproducibility and the noise characteristic have the
relationship of a tradeoff. Fig. 16 is a CN chart of the hybrid imaging 30
device according to the present invention, the primary color system
three-color imaging device, and the complementary color system
four-color imaging device. Reference numeral 6la denotes a plot of [color

> reproducibity versus paisg characteristict ofthe pybrid imaging device.
Reference numeral 61b denotes a plot of [color repro uggﬂ'lﬁ/g"versus
mises shardcrersiie} of thoeprimamnreolerasystan taee-calpr Hmaging
device. Reference numeral 61c denotes a plot 10 of [color reproducibility
GRISIEIRGiEE AR tardit] G et somplememtaprcalepsystamifot i éofor
imagilpagtggxicef\%ince the lower left region of the CN chart shown in Fig.

HAvREn Heth HediBe BAERfodtiERdig tieincigdiex TNa

6% region in
Lharagiedsiicaeagood.sThis, @R iImaging;devige thatds plotted at the.
most lower left position on the locus of the CN chart has excellent
rehatdetdristicst Wstis clear frant Eign 6] sindestheplotela akthedndrighe
imagi,n device is at 20 the most lower left position, the hybrid imaging

I T s Tord6 RS BRMEN: cBdr 5§ eATintapRg davitkiddd the

Komplementary coler.system imaging. device, in, both calor, reproducihility

and noise characteristic. Actually, RGBYC fmaging devices having the 25
rafaysceiibvwie innkigt AOA@NAhgrtQB arenproducethand denotes the
capability of a color filter set to be evaluated.

A lower left region of Fig. 15 denotes a
region in which both color reproducibility and noise
characteristic are good. An upper right region of Fig.
15 is a region in which both color reproducibility and
nolise characteristic are bad. Thus, the more the plot
is close to the lower left region, the higher the
performance of the filter set is. When each filter set
to be evaluated is plotted and compared, it can be
intuitionally determined which of filter sets is
excellent. Generally, the locus of the CN chart is a
curve of which the lower left region is convexed. Thus,
when the color reproducibility is good, the noise
characteristic is bad. When the noise characteristic
is good, the color reproducibility is bad. In other
words, the color reproducibility and the noise

characteristic have the relationship of a tradeoff.

Fig. 16 is a CN chart of the hybrid imaging
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an IC (Integrated Circuit) that performs the signal process shown in Fig.
13 is produced. In the gamma 31 compensating process, RGB output
signals are calculated with the SRGB gamma characteristics. As linear
matrix coefficients, weighting coefficients of for example we : wn=1:3
denoted by r62 of the CN chart (Fig. 5 16) are used. Coefficients of * are
ey fSTARNd i13).Ri tRe,, PTE AL 0188620 24210.6538:€). 559vE1B.
.094 -0.403 11.254 -0.351 0.406 ~ (13) Cirz Formula (13) reveals that

J
VRIS T A eSS i CE9SIshr S Tise WdBs ot largely
dBE 2efe H0aH S eAMSrANaNING: 8 five LI RGRY G IMpGiag deuice

can be accomplished. Next, an image inputting apparatus that uses the
Refeidamagingidevied abtldhacanteaptarepdvimage hawingra wide

dynamic range will be described. 15 By selecting signal levels of five
TERG1RAEGHEIIo NG BF HiesluRfidi et osa of epdsbdinds o hintikfge

ving.a wide dynamic range can pe scanned. Next, .an_example of this
e A I R &

praeulating aduminanssdevel of sipixelyalus: fofs example, a G signal

similar to a luminance component that the human eyes sense is used as
chmindacd value] THe sigpapdvesysitodein EBigs tZmanbewsed.lov

imaging device. Reference numeral 6lc denotes a plot
of [color reproducibility versus noise characteristic]
of the complementary color system four-color imaging
device.

Since the lower left region of the CN chart
shown in Fig. 16 is a region in which both the color
reproducibility and noise characteristic are good,
Thus, an imaging device that is plotted at the most
lower left position on the locus of the CN chart has
excellent characteristics. As is clear from Fig. 16,
since the plot 6la of the hybrid imaging device is at
the most lower left position, the hybrid imaging device
is superior to the primary color system imaging device
and the complementary color system imaging device in
both color reproducibility and noise characteristic.

Actually, RGBYC imaging devices having the
arrays shown in Fig. 10A and Fig. 10B are produced and
an IC (Integrated Circuit} that performs the signal

process shown in ¥Fig. 13 is produced. In the gamma
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(H) 71, LM (M) 72, and LM (L) 73 denote linear matrix 32 processes for
high luminance, middle luminance, and low luminance, respectively. WB
(H) 74, WB (M) 75, and WB (L) 76 each denote a white balance process.
Reference numerals 77, 78, and 79 denote multiplying devices that 5
multiply output signals by gain values a, b, and c, respectively. Fig. 18
shapsrasHansiion sbwelghtinggaig WGniicients corespeRding 0y 1 atea
variation of a luminance level (horizontal axis). In the high luminance
wagionthe tsRgainccowdficiehtsrare{ar-ibs i c<.= Msintthee axiddiet rix
luminance region, the gain coefficients are (a= 0, b =1, c = 0). In the low

Faeiahcd $BERdN, e Yuid 8effierhisabe@tsp efo foL HRpILe
vicinity of the boungary of each regi al coefficient that, _ .
wcféc?eéqs%sﬁanld énntghé\éagﬁec%oe[fﬁgci%?ﬁ %r?% de%(?fgaggs ﬁ?tlgrxéiéct(.%'s,
1heir yadatignsaare il obstuetivg A-gaity caelficient-eantsglling saction
that controls gain coefficients in a luminance level (for example, a G
{skgnlal) of each sample of which 20 for example RGBYC signals have
been A/D (analog - digital) converted is disposed (notxsl{uown in Fig. 17).
With reference to Reference Document 3, linear matrix eogfficients in

(dach) luhinbhed levdidfe déstdRated)-088L ondldifianee fegion: In the
low luminamge yegionsgwiseedyction, iggnore)ipap Famt factqr, thanxplor

[i]7ig

[BOrQAuCig®os  _0.403 1254 -0351 0.406) | Y,
C.

n

Formula (13) reveals that coefficient values are small
and color separation noise does not largely increase.
Thus, a camera having a five-color RGBYC imaging device
can be accomplished.

Next, an image inputting apparatus that uses
the hybrid imaging device and that can capture an image
having a wide dynamic range will be described.

By selecting signal levels of five colors
corresponding to the luminance levels of pixel values,
an image having a wide dynamic range can be scanned.
Next, an example of this operation will be described.

Although there may be wvarious methods of
calculating a luminance level of a pixel value, for
example, a G signal similar to a luminance component
that the human eyes sense is used as a luminance value.
The signal process shown in Fig. 17 may be used. LM

(HY 71, LM (M) 72, and LM (L} 73 denote linear matrix
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33 from a view point of picture quality. Thus, as linear matrix coefficients,
coefficients emphasizing noise characteristic are used with signal values
of five colors of RGBYC. For example, coefficients 5 corresponding to the
point of we : wn = 1 : 10 (the position of a A mark 63 in Fig. 16) may be
used. The coefficient values are given by the following formula. /D \ .1
Roteg4?s 0562 bigH (.781na4ED GitiGAd,<0. 158 D0581c). 2 80 0. 5w
0.289 Bin ... (14) Bou, 0.082 - 0.344 1.210 -0.405 0.457 Y, Cin Since the

WEGRERF RoisEIRRSRAIRT Iy is "0 14Fkr Tan iost™ 1dfmuidtisf™he
@bpohge Yaluesagheasffigiets efdhs Jarmrrarg spalles thap dhase.of-the
latter. Thus, it is clear that color separation noise does not increase.
nnettes Lninancer eegiamdl ¥ kingan oadrimedaffiggptsifgr aaniiddle that
luminance pixel are decided at a point of which color reproducibility and
TdiSe BRETaBiEFRYE afé HRdt HalihcedikirtpdigRa valuds offfife Eolors of
rR(ngg(cQC.i@ ther words, coefficients at the most lower left 20 position on
fhercurve of the 'CN chart are decided. Matrix coefficients that satisfy for

example we #yW§ = 11g: 31560WNdn ferma £13may besdepided Highin
luminance region:
coefficients corresponding to variation of a luminance
level (horizontal axis). In the high luminance region,
the gain coefficients are (a = 1, b = ¢ = 0). In the
middle luminance region, the gain coefficients are (a =
0, b=1, ¢ = 0). In the low luminance region, the
gain coefficients are (a = b = 0, ¢ = 1). In the
vicinity of the boundary of each region, a gain
coefficient that decreases and another gain coefficient
that decreases intersect. Thus, their variations are
not obstructive. A gain coefficient controlling
section that controls gain coefficients in a luminance
level (for example, a G signal) of each sample of which
for example RGBYC signals have been A/D {(analog -
digital) converted is disposed {(not shown in Fig. 17).

With reference to Reference Document 3,
linear matrix.coefficients in each luminance level are
designated.

Low luminance region:

In the low luminance region, noise reduction

is more important factor than color reproducibility
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Since a Y signal and a C signal are much 34 saturated, linear matrix
coefficients for a high luminance pixel are decided at a point of which
color reproducibility and noise characteristic are best balanced using
signal values of three colors of RGB. 5 In other words, coefficients at the
most lower left position on the locus of the CN chart are decided.
Cenfligiepis.af the nointdhal satisfies farexarmple wepwn =1 3 (ardhe
position of an 0 mark 64 in Fig. 16) may be deCided. The coefficients are
ngiveri by dfefommulne@d by RainckE 659 1 &5 «thPRa R,z {meu,noi680
1.396 - 0.316 G;,, ... (15) BO", 0.008 -0.457 1.449 B1 The process is
PG IRFAS follBWAT WREILE st of & Pl isimpue & si§ndlivalue
carrespondi luminance level js calculated. 15 through three types of
T it S oo {Oh G Lt CON T AR D) 73 shown i
Joifird EheREasRonding: inuthsdnpyt signajvaluey, The signal valyeris
multiplied by predetermined gain coefficients (a, b, and ¢) shown in 20
pbigi i@ @orrespandingde the RimMinance leveb of theypixel thsedgh vihite
balance processes (WB (H) 74, WB (M) 75, and WB (L) 76 shown in Fig.
PR SItEYihg Y BéViEEs 772 78 14AE 75%n50A i Fld. oA P Phérafter2 -
three types of output signals are 25 added by adding,devices 80 and 81

i

oW INFIGAT A2 0104 0731 —0419y |G

G, |=1-0155 0531 -0210 0544 0289|-{B, | ... (14)
B,, 0.082 -0344 1210 -0.405 0457) Y,
C

Since the weight for noise in formula (14} is
larger than those in formula (13), the absoclute values
of coefficients of the former are smaller than those of
the latter. Thus, it is clear that color separation
noise dees not increase.

Middle luminance region:

Linear matrix ccoefficients for an middle
luminance pixel are decided at a point of which color
reproducibility and noise characteristic are best
balanced using signal values of five colors of RGBYC.
In other words, coefficients at the most lower left
position on the curve of the CN chart are decided.
Matrix coefficients that satisfy for example wc : wn =
1 : 3 shown in formula (13} may be decided.

High luminance region:

Since a Y signal and a C signal are much
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35 a result, an output signal value of the pixel is decided. The boundary
of the low luminance level and the middle luminance level may be for
example a 5 boundary of ISO 400 and ISO 200. The boundary of the
middle luminance level and the high luminance level may be the case of
which one of the Y signal and the C signal is saturated. An embodiment
56t the presbnt dveraioniteisr 18 heeafdpecificaltys désoribedh However, the
present invention js not limited to the embodiment. Instead, various

THEAHRRISN LM RE FrESertTTustifbrithal Heoifalietn HR1SASIS B

SRR IOy BUANAN: Foranampledn i skuciiee ghaun i Fig.
15 17, different matrix calculating processes are performed for three

Haftmmarce levelsginsieach 1difatend snatfix calcedating seeeIsesROBY be
performed for two (low/middle luminance level and high luminance level).

I &cian, RiedScol RTRACE Fhay be tuselde0wes thellvielinifiitce
level, whereas five cqlors of R C may be usged for the middl
plﬁ%r%r?éle f?er\llelg.: i gdpd?t%%, ?rg%ggs&@in%é%ﬁgn ar1nra‘:'§/ t%géagﬁﬁ?gid for a

cdruiga maderaf threecGMQ lavers that argeiklug csensifivedavears 8o

green sensitive layer, and a red 25 sensitive layer like a color film. 36
WCLAIMS £. An imagitgtappeeatosscoignsing an 0 mark 64 in Fig.

16} may be decided. The coefficients are given by

formula (15}.

R, 1.659 -0.654 -0.005\ (R,
G, |=1-0080 1396 -0316]-{G, | ... (15)
B 0.008 -0457 1.449) |B,

our {3

The process is performed as follows.

When a signal of a pixel 1is input, a signal
value corresponding to a luminance level is calculated
through three types of linear matrix processes (LM {H)
7i, LM (M) 72, and IM (L) 73 shown in Fig. 17)
corregponding to the input signal value.

The signal value is multiplied by
predetermined gain coefficients {(a, b, and ¢} shown in
Fig. 18 corresponding to the luminance level of the
pixel through white balance processes (WB {(H) 74, WB
(M) 75, and WB (L) 76 shown in Fig. 17) (multiplying
devices 77, 78, and 79 shown in Fig. 17).

Thereafter, three types of output signals are

added by adding devices 80 and 81 shown in Fig. 17. As
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an imaging section having a three primary color system color separation
filter and a complementary color system color separation filter; and a
signal processing section configured to generate three primary color
signals by performing matrix calculation process for output signals of the
imaging section obtained by using both, the three primary color system

LY eparaan BRAN DEGAPIOTANAY CRRLYAGT o

separation filter, when a luminance level of an image© tame&%y the
deaddrgisection is a first luminance region, and to generate three primary
color signals by performing matrix calculation process for the output

signals of théifiagingeéetion obtaifed byvusivgongnhe theesdrirad
olor system color. separation filter when the luminance level of the image
tgb?af% (%(:lyet%ulrr[ﬁla%?r?@cgec ion1s amsae%otr)l% I r%ﬁa%’é@mpe]g‘?or? which is
diaheizthandee fisg) luminancs region2 do Thepmading appargtyssas: set
forth in claim 1, wherein the three primary color system color 37
rsighdlatidnifiterancedésaeR (@l fitbs aGdhrebm ifiltercand. aBe (bloa)y
filter, and the complementary color s%/stem color separation filter includes

be VEFeIRARTiIRF afl5aE (Gfh) e RS TheShRAry apParkhfs &s set
ngg.it;a@ clay"ng%,twpﬂ%a.the signal processing section includes a first

matrix calculation section configured to generate the three primary color
signals by uainganwdtahntiist metrix Beefficionts:ef weeesh 8958 has
been specifically described. However, the present
invention is not limited to the embodiment. Instead,
various modifications of the present invention may be
made on the basis of the spirit of the present
invention. For example, in the structure shown in Fig.
17, different matrix calculating processes are
performed for three luminance levels. Instead,
different matrix calculating processes may be performed
for two (low/middle luminance level and high luminance
level}. In addition, three colors of YCG may be used
for the low luminance level, whereas five colors of
RGBYC may be used for the middle luminance level. 1In
addition, the present invention may be applied for a
device made of three CMOS layers that are a blue

sensitive layer, a green sensitive layer, and a red

sensitive layer like a color f£ilm.
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characteristic when the luminance level of the image is lower than a
predetermined boundary within the first luminance region, and a second
matrix calculation section configured to generate the three primary color
signals by using a second matrix coefficients of which color reproducibility
crangipoise characteristic are well balanced in the second luminance
region 4. The imaging apparatus as set forth in claim 1, wherein the
boundary of the first and second luminance regions is selected in a
1 .luminance favel gk yvhich the-imaging deviegis-saiuraied through the
complementary color, system color separation filter, 38 5. The imaging
apparatus 48 sef'forthid cfaim™t; “iWhefein tive §|gﬁgr&%c8§§ﬂ§ E@cﬁ&f%f
syeonfigured to- geperatetthe three priumarycolor signats by.vsingrs/fikst Lor
matrlx coqfflments of WhICh F?ogd fmse characterlstlc when the luminance
*Yiavslofthe i |mage &' fowerthan a pred’etermlned boundary within the first
luminance segidnnahdie geaerate thesthree primary: Calon sighatsoby
usmg a se%ond mDatrlx coefficients of which fol rgﬁrod{ymbllltx anga .
Hoise charactéristic are well balanced i the sec dminance r |on”é
caAnwrhageqauomﬁgsapﬁaratumopptocesgm@leutp)ﬂt sngﬂatsr@a‘ga;mg
}%ﬁg ggwce havmigla thre p@m@r}/ color system color §ecparat|onfllter

ge

pee)

Tl =L I Llle é%
a comp ementa color system CO|OI’ separatlon fllter Ssald’mage

Sygﬁﬁ@sgﬂ@@mpaﬁﬂag@bmqﬂsﬁggter and the complementary

coler system color separation filter, when a luminance
level of an image obtained by the imaging secticn is a
first luminance region, and to generate three primary
color signals by performing matrix calculation process
for the ocutput signals of the imaging section cobtained by
using only the three primary color system color
separation filter when the luminance level of the image
cbtained by the imaging section is a second luminance
regicn, which i1s higher than the first luminance region
2. The imaging apparatus as set forth in claim 1,

wherelin the three primary color system color
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a signal processing section configured to generate three primary color
signals by performing matrix calculation process for output signals of the
imaging device obtained by using both, the three primary color system
color separation filter and the complementary color system color
separation filter, when luminance level of an image obtained by the
imaging device is a first luminance region, and to generate three primary
S SBGI6F SignalsTby-péfortifg Fidtfix Taftuldioh )prgégs’"se for the Dutptitee™)
f isigaals of the imaging devicerabtained by asingonlysthel thiee pHmAry
color system color. separation filter when luminance 1Ievel of the image
COobtairetby theittaging GBIt s Second fiminaficd F&dion? which is
( vhighewthenithedirstduminance regimn; 39:Alastract Color reproducibility
5 and noise %aracteristic are im roy%d. An ima%ing gevi,ce h,avincql a, Q?/blrid
"RGBYC co or%ilt;érrnﬂ%iﬁré% Sﬁ %Fydcéjl%r éysstesmtR rfltlfrérjzaf(ﬁd at !
complementagyredlor systemiYE zfilteris campodsed.d=auriGfiltersthatie s
directly relgteftfwrggoj%igg f}gd CIQQ_.'[C is.zcé sefoa IéJéq_iQagc% sg%l]al tb%t 4
human eyes sense are arrayed in a checker shape 50 that the Rumber of
tothee@Gdilterseisifoar times danger thranthe mumber iof filters afieachiofdhe
- . other _colars, An array.shown in Fig. 10A is. compased of low resolution
1:lr%ogvl\/”s ('?tFI{:J“é éiﬁé %%ﬁﬁeﬁllﬁﬁ re‘")sgolfftgl)ﬁlhﬁrlo S ?C% @uﬁ(b and G) that are
chalternately atrayed irereathdiné iWhenrsignadls ate redd if exposuredinies

168 than a predetermined boundary within the first
luminance region, and
a second matrix calculaticn section configured
to generate the three primary coler signals by using a
seccend matrix ceoefficients of which cclor reproducibility
and ncise characteristic are well balanced in the second
luminance region
4., The imaging apparatus as set forth in claim 1,
wherein the boundary of the first and second
luminance regions i1s selected in a luminance level of
which the imaging device is saturated through the

complementary color system color separation filter.
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varied for individual lines, the signals that are read can easily have a wide
dynamic range. An array shown in Fig. 10B has two Gs, a low sensitivity
color, and a high sensitivity color in each line and each row. Thus, the
luminance difference is small in the horizontal direction and the vertical

5 . direction. Thus, thea teading methed insthesarsyrshown in Fig. 20Bis 1,
slightly complicated than that in the array shown in Fig. 10A. However,
hginge the- SpedidihterpSatics “chiardcts &F&&I}hé%ﬁ%@f%ﬁ%b?

ge1@B isadvardageous; acsmeathgradation eanyhe eastly; reptesentediirst
matrix coefficients of which good nolse characteristic
when the luminance level of the image is lower than a
predetermined boundary within the first luminance region,
and to generate the Three primary color signals by using
a second matrix coefficients of which color
reproducibility and noise characteristic are well

4o 1 -

balanced In the secor

d luminance regilon.

©. An image processing apparatus for processing
output signals of an imaging device having a three
primary color system color separation filter and a
complementary color system color separation filter, said
image processing apparatus comprising:

a signal processing secticon configured to
generate three primary color signals by performing matrix
calculation process for output signals of the imaging
device obtained by using beth, the three primary coclor
system color separation filter and the complementary
color system color separation filter, when luminance

level of an image obtained by the imaging device is a

Hh
r

irs

luminance regilon, and to generate three primary
color signals by performing matrix calculation process
for the output signals c¢f the imaging device obtained by
using only the three primary color system color
separation filter when luminance level of the image
obtained by the imaging device 1s & second luminance

region, which is higher then the first luminance region.



