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DESCRI PTI ON | MAG NG APPARATUS AND | MAG NG DEVI CE
Techni cal Field The present invention relates to an

i maging 5 apparatus and an inmagi ng devi ce. Background
Art In recent years, the nunmber of pixels of an

i magi ng device used in an imge inputting apparatus
has been remarkably |q¥§ The resol ution of the
10 i'magi ng devi ce has Dbéen nproved to the level of a

Srooth Or S0HLIRE! XpbARATOYTRADCYARCSABNBEYFEEOON Ze.

Under such circunstances, requirenents pircture

il {da haves een changed from hi gher resolution to
hi gher col or reproducibility, higher noise reduction,

15 and w defe GhaaEng &%&%ﬁtlB&er@n%&%@ttbn&ﬁn&maglng
provi des a neans and an apparatus that can increase a

dpparenee dhdam Anfayigey tdemcecan whil e mai nt ai ni ng
picture quality, in particular, color reproducibility

Bauwkowigel ¢hdr acteristic in their allowable | evels. 20

An i mage processing apparatus that can nore -

fai t hf ul | yor eeceaic ¥eesisor ¢hendumbeac efnpilgelshal an

before is disclosed in Patent Docunent 1 (Japanese

IMAPRI APLiEatised dfe faniife@epdBuddiinGn SRP2raAGys- has

28408 25 Next, the apparatus di scl osed in Patent.
ngﬂari‘a\in IFereased-bedn ©ATPEl uELPBr OF i FRer 1

R BN AR, 5. o el BB

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 noise 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 m ni mum unit
conposed of an Rfilter that transmts only red (R) 5
light, a Bfilter that transmts only blue (B) light,
a Gl filter that transmts only green light of a
first wavelength band, and a & filter that transmts
on| Yhe gizent |¢fmn gimagiser gl wevel dsgthnbaed. bfi g. 2A
and Fig. 2B show an exanple of a 10 structure of a
e anncsin s GHLATRR pérsorms tRcHigealoL
ocess for an image signal captured by an inmaging

el Lo ‘E%(’afrﬁaleé‘%{l Wi %h Jrf"asth(ené‘lé’d{"lb‘lm Uiyt er
B f ot m t th
%?f?%%f P b T etﬂ}ao%afsfa rﬁ“ Y 8% HSn i n
H19-+ 24 Ref
5{305%% gleno etglagcgftr on S%’nl vﬂ c%n ed%r)t y|c:)L shtdf a

I , B
siljg% Sé} %?n{ﬁt f"g“om éon i ge sensg%ts'?%ggf ;fé%tgcetnd

Og‘@{ Bari C Ul sdayhde t&ﬁrﬁolﬁfaglsmﬂ%e%mya
gal n 20 controlling process, a digital transform ng

PfeagesBighttt $0 dedidnl@l heivelltegt® ®and.gnal s suppl i ed
fromthe inmage sensor. The correl ated doubl e sanpling
process iFdigperRoramdd Fiig.r @Boshoroake egamphaecnfsawhi ch
are output fromthe color signals. |mage data which
s rgutqfuta faigmatlh@riocessdng becdions ipplti pérforas
signal processing section 11 conposed of an LSI

¥ ke lspaase ssnfegr anedmaidec sigpals cppéugegnly an
processing section 11 is connected  to_a mcroconputer

:l(ll?ﬂﬂl% %mgﬁxgnml@r G‘C&%’u gin.ch has the c¢olor

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 sﬁpplied 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
cutput 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 m croconputer controls the whole
operations of for exanple a digital still canera 5
according to a predeterm ned program In addition, the
m croconputer controls each bl ock that conposes the

si gnal processing section 11 through the m croconputer

interfaceqd2 é@%aﬁ' Nalc g E%S§E%Q1%ﬁcﬁ10ﬁ51£onn§cted

perforns an inte polatlng process fil

Y U §fiDrRAdidier (GRIC WY tHRRRS a dildtiddaipeer

signal generating process, a color "difference signa

ARNEFRiddNd 0 0¢8sSmicabdomputeit BoherollguEntyRasLef
col or signals which are input fromthe frontend 10.

ofwrdtionsend Fdrgenenalles al 9idyifiadl e 13 gradderalhe

picture signal is supplied to a display unit (not
afummdingl e di ppdedde teninti nehids pirangsrant.heInnadddtpont ukke
In addition, picture data which are output fromthe
i resdomprudiess siond rodet ie@ehl blaak therfpcompedesndhe
stored to an internal storage nedium an 20 externa
%ﬁgﬂﬁhu?nﬁﬁﬁﬁﬂﬁngbﬁeﬁﬁéiﬁiQé-tﬂéﬁpgheééﬁ FH&GE0 COMPUf e T
si.gnal proceSS|ng section 11 will be described. An
nsation processing section 21 renoves a

noi se co nent. %oéfset conponent E&the icture
si gnal “Eﬁﬁ e npfﬁgefg%oﬁt%s 4°%0; Tﬁsr%"a“ﬁrsn
fﬂﬂ% lof%%&% egﬁ:%&% t%?f e%ﬁhgé%?%%%%%t' gatrlx

processi ng 'S output whi't'e ance

d&ya%TE%Tﬂgo%rBE%%%ss' NG ;%8 Gl %%gn%lT@%nWEhkﬁng

bal ance corrpensatl on processi ng secCtl on
5 Al & od othighi & Ffadenieee salgniahe gﬁh@ﬁ:\é“t&n@l padlcesk)

other words, the white bal ance conpensation processing
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 conpensates unbal anced colors due to the 5
di fference of color tenperatures of an object and the
difference of the sensitivities of the color filters
(R, Gl, &, and B) of the sensor. An output of the
whi t e bal ance conpensati on processing section 22 is
supplied to a vertical 10 direction synchroni zation
Tiveo odsidien P asl@atden ¢ 2@ enFlad 1 one prioc®ls sdinge secgpon 22
synchroni zati on processing section 23 synchronizes
gmpapsa tes & tditec Padaaicegiodalthy pdicttige sagnpé . In
vertical direction using._a delaying device for .
Bhehwerdssndine e PRlReRSsr Fosweasatdols PReresFind
vertical_ direction_ interpolatin E&@pess and

a

SFETHiOMh 12 i FPIRERSA IS CRPATGRS e E93OFSr APRe T8I EPGr e
AHA- AR WA Of RLELULG21003 3 SYRSALANLZEd Y
he Vértical di rectionpsyncHronizatlon pﬂoce33|ng 0
BT AS I GIRIRSAE 114 (3 BT BECSHN S8 90 1245 O,
an interpolating process, a filtering process, a high
d1r, e @ NRH C HIPAS dhleNG cBLBEESS, and a noi se process.
The processing section 24 perforns an interpol ating
process fah batpapobat tng wRiee BhYAALSE 8bmpPeXsdtion

pi xels, 25 which is the mninmumunit of the col or
pliolceasdi ngRseGtionG22 By, swobhipllatesai metrhécaane

space, a filtering process for properly limting a
ddirgedi ojpa sgwictittion igzat innghrbregeéngy seotpensasi. ngthe
process for conpensating a_ high frequency conponent
vertigalsiddagctigndRivachronizasior precessingr sperdofRng
noi se conpgnents fromthe signals, and_other

Zargggggégplzes 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 process.

'The processing section 24 perfdrms an interpolating

process for interpolating color signals of 2 x 2 pixels,
which is the minimum unit of the color filters (R, GI1,
G2, B), with phases in the same space, a filtering

process for properly limiting a signal bandwidth, a

4.
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5 Picture signals for exanple signals of four colors
of RGLG&2B obt ai ned by the processing section 24 are.
supplied to a linear matrix processing section 25.
The linear matrix processing section 25 perforns
matrix calculations for four inputs and three

i ccoef fi cjent X
g o P e Tl e frane
R W ddd iRy R nedft foUrne0lalaf vBEk28thREE
out puts of the lifear matri x processing section 25
) i8S YRRl detfd o0 va A elddald GombaneheeeF3oRd the
sections 26R, 26G and 26B, respectively. The gama
sCigfans,atam givheae ssiogsyeet.i ons 26R, 26G  and 26B
i nversely conpensate nonlinear characteristics of the
di spl ay umitctamd Bigakly &ocorphimphel shganls of four
characteristics. 20 Qutput signals of the gamma
asdrgren s iIRG1L G2 obdsdingg dacitibenPrPERSSIAG, sandipep24
are supplied to each of a |lum nance (Y) signa

agenaapnldeditocésdingars BtrdF Progsdsangopsrtion 25.

i fference

R

ion .27 i : d i .
R PR 02O AR o S P PO R “BARET at T2

Ag@i@?%%%f?i%%‘nt sTR¢ GOhOL 45 Eugitﬁ:%%rng&%: giitv%ga," RGB

enerati on processing section

AT FFREES #atd bBBbTadRalS ol pilitade! §hFordtion

conbining ratios and generates a color different

oF Fidr B1bre ¢l ’gidbBf.erence signal generated by the
RGB outputs of the linear matrix processing

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 (¥) 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 bandwdth limtation and thin-out
processi ng section 29. The bandwidth Iimtation and
t hi n-out processing section 29 generates a color 10
di fference signal of which color difference signals Cb
and Cr have been tine-division nultiplexed. Thus, it
disfifdrersa Gilgnail idesermuagenppreoeesisiggagpatabus 28si ng
the four-color filter is superior to that using the
admisiges ither wagwlasrcofiplenematied ®GBoisigepieduwdithility.
15 Generally, it is preferred that as spectra
e heined rerbiagingg tddviose angy §eheghtes| gr color
re rodu0|blllt%band good noi se characteristic. "Cood

ility" means that the imagi ng device
can sense hhe same colgrs as human i yes can o

& F

t he_20
differenc Bepﬂégﬁ gd F§ePﬁ§tSFHEa nﬁ@?ﬁﬁaaﬁé B¥ Eéﬁ
I}‘%ere nan & e an iS 0 i e %lgn
unan yes CAN s & IhE n§ PﬁgF 88P0P Fﬁgﬁ Pﬁe ¢
2%935 su %%Qqe OL3e C%%B%%&%Ehsﬁ &1t?§ ﬁ Eﬁﬁtthﬁﬁ-ﬂﬂkse

nmount art I CuU ['um nance

ﬂ%@d@%éﬁi %eb%&%ﬁ'ﬁ9cat@H@rbéﬁéwfétﬁL&Eﬁ%%&%&&@'é@dand
col or noise. The lum nance noil se depends on the

tals0lowte proreisklivigt ¥ectfiohhe ol gageRetdevhacaolbh
contrast, the color noise 6 |largely depends on the

' dﬁ&Eatbmn&hBﬁgheRMBEnwhnehtbb&brsamffbruntee51gﬁamslOb

filters of the inmaging device, nanely the shape of a

agde €y hlaveebseni titg-damieion mpflhodleked. Thus, it

matrix-transform ng output 5 signals of an imaging
cgavibee sapidc fhaite thendmaldy PEPEEEFLNEnarrasatue using

| um nance and %eneratlng primry
the four-color Tilter is superior to that using the

three-primary-color filter in color reproducibility.
Generally, it is preferred that as spectrail
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. 1In contrast, the color noise
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_%Sﬁ Wt 7 ‘-'(qné?eé’rtrlé’&lqlo %?gﬁwéntpé‘i t&tinde

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 imge of an inmage inputting apparatus

ey R e b S Feltrtutidl t?"eatg%éé?é%#% run

SHPULEF (e |l Q:fcIler ﬁ%@fsm?& Qﬂ %.%vtlh:%
PC), the target color 15 space of pr| rrary co

xfdnmq} il ugmgddalr hawgpdieant %tnrglhwt@ulcﬂi&@ I S
designated to an sRGB col or space, which is the color
space of BhaeRGod R MatriRCthAkELRALnGNatput
El ectrotechni cal Conmm ssion) has defined the sRGB
Cigdrne] =s et eara Sine Jith o5 tdendiared wiidlchi meedi 4 ioxelaorlyspace on
the basis that color image signals should be
aramvstiianed. twhdrhe Hamitnaareniassi gensirdd imga pninegva
color image and the reception side receives it on the
I RSB tsianalav@diugs dél el tepassed Hay acéﬁ-gélﬁl&r e the
same color reproduction.. 25 Thus, the tar%g ectra
ORTEEIG; t y

Sedpist Loy Hie e, made ' O S S8e8 30 S Prrea
é&“gg'éﬂé IKD%F&r a%rﬁ&g r%k@é@hlcfnlﬁ B@ecégsgtréi C
Auan eyes. 7 4By

sensitivift 'S 'l i near t ranst or ne

T

mat r I X, current "I TU
" BaSicannRY dFelLIaiValtdas chakerhhe :JdDBB sehraRdanda

for the Studio and for International Programe
cithangn’ a 1Y)t 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 reproductidn.

Thus, the target spectral sensitivity
(referréd to as the relative sensitivity in the

drawings) of the imaging device is an sRGB color
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-I'n 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(% . The graph of the col or

mat chi ng function shown in Fig. 3 is defined as the
ClE (Commi ssion International de 1'Eclairage) 1931.
Fig. 4 is a graph showi ng the sRG color natching

- matedign . fundetHidh of whiGl e cddlordanRaieds ngy FankiAehi on

r(X), a curve 32g denotes a function g(X), and a
(erfier 32b Rdenotlgs, avhfiwic tisorthie( Xpectirade seheisREBty of
color matching function satisfies a router condition,
huwen reaEsng idevilgeardy derges foaireds biyhat 709e typean
eyes can see. For details of the router condition,
madiEx + oF2y RetaidAcef DEbangAP EYprE@?QlEhtﬁefer to
"Engi neering on Chromatics %E ranslated title)", | SBN
RefsyengeReamentoly § "BENkiR Bai-gdi0d lsubl '‘Berifg Ofice

Rt A oy VAR (7O é%giﬁp%yip?” FRmnEo Ehfe %eﬁhm
af%qa%rcaﬂntver'n 9931 §.10 BLAJUES A8 G9hg) « B

ter havi ng SU spec senS| Y

- color RGBy B‘g&gr ghat, §?§VBO§%k'&gnéeggtéagunctlon

sensitivity nd - sati Ies the router condition, the

xf ('7J )t € r '&%%ves @&E’tr B8ho$8asLE EuhbY 16%2'? R LAg F%qu;.sve

ve 33R denotes a ction sR(
3‘§Lla|:r \&%n%%@sd NGBSt 1%nf 2N&Y i ONTsd P ap RSl AL KdIr &1 3B
denotes an sB(X). i's clear fromFi g. 5 the curve
m&&@h&hgtEancxn@utsabwaemslFuglty ak tk€ined asnpbaedlE
filter of the imaging device |argely matches the

- (€9mpd s33@nofintieenagpooadalesdngicilindiragedf 18R&. gr een

conmponent filter.
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{iA), and
a curve 32b denotes a function b(k). Since the sRGB
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 Chta, "Engineering on-
Chromatics (translated title)", ISBN 4-501-61350-5,
Tokyo Denki-Daigaku Publishing Office (1993))!

Howevér, 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 conponent signals are very

simlar. 10 Thus, when three colors of the sRE space
as target output signals of the inmaging device using
the filters having the spectral sensitivities shown
in Fig. 5 are calculated, matrix cal cul ations given

Fa ATl S il S e PR s 1

ety SO G0 B YL sesp b

I C e .0 [ l.S,
FERY I e LHRRNn TR (MG s SPY Ristotes
| f re td Rl | a0 trix
a}:oe ?%ﬁtaés@gﬁ‘% 'G.ég}éilf glir’ii 5%\5541?\1’?%_?%%85 %rlrlegr?g&t)hat
noi se of ke ikedlsagndroand ilghe sgr ear sughal 33@f ofhehe
i magi ng device is nuch increased. Thus, a three-color
R inrdl eversiativdoes abttheperdde atdmposants fid ltteer roduthédre
condition, nanmely that has 25 good noi se

- dgtegiagg elewitdec haintde lgaaatfdhes dthecglugave) 336G of the

reproducibility to some extent, but that has spectra
sparinaly isapsdd igHdun afh they gmeens aegpenent fid.teg . a
curve 34R denotes a function sl R(X), a curve 34G

THeforeans fiddt itHe SoEBeRatid 4 o 3F£B VG0 5T 1435 -
iR e dssen 50 1000 oy ke SRR SPEen AT (G Sne.
T P13 05 B Rinelddfid YRy e st
R g el it T i NG n¥iGhivA% i e BN WowdPROF TR &l Yire
calculated, matrix calculations given by formula (1)

are required.

r(i) 6.5614 ~ 55412  0.1845\ (Sx(A)\
lgay|=]-20040 31163 -01635|-|S.(A)| ... (1)
b( 1) 0.1182 -0.2783  1.0688) |S,(A)

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
méans that noise of the red signal and the green signal
of the imaging device is much increased.

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

good noise characteristic with sacrifice of color

9
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10 transfornmed matrix cal cul ations for the sRGB col or
mat ching function is given by formula (2). 1(A) 2.250
-0.649 -0.089 AR (A) g(A) _ -0.057 1.574 -0.384 s1G
(A . . . (2) b(A -0.009 -0.444 1.567 s1B (A) The
‘absolute values of all the matrix coefficients given
by formula (2) are smaller than 15 those given by
fepradweci{bhi)lithhusy ddmd xHepsy, thed tdzen el e cural
separated, noise is not relatively increased. Because
sfngitel fidne g rehowasion Fiid. i denewed.t hdn Flig-t gpi sal
primary color system R@& i magi ng 20 devi ce has
@post rHR ssittes/ig yuhertdteed SR (& )cury evase SHGWN i n
Fig. 6 and has excellent col or reproducibility and
drtte s Rarfmredriagt i { Howapst 2 ﬂﬁ’é—""%ﬁg‘%&e@é\ﬁe@e a
actually has spectr al senS|t|V|ty denoted by a curve
B g. SinpechhigesBeCcERal] ﬁPPﬁéﬁé‘ééth shagn

Shanghs ¢ [ ey A R B PR dbor
s?eéict ars%%s%lvfleg . b Bl o U4 AR AERRS o

sensitivity of ter, Sdrve 3

scieﬁ Olee L a3RRAL R l%ﬁfé%.'rtﬂy\”ttrﬁn%ffo%m@df Ilntt%r fth%n@.R@:B
curve 5 35B denotes spéctral sensitivity of

ddlldrema e rid AAJtAGR .I eshiis ¢t ApPSokimAted ctl on of
color filters, it is difficult to inprove their

tnmnyﬂuﬁmeﬂemﬁﬂrru1uammulﬁalmnsnfamnthhesRGspeeuba
sensitivities, for exanple the cell size may be 10
matehdage € upc tdore [iec gdiveng biyn foepube 42)1.i ed. However,

F(A) 2.250  -0.649 -0.089\ (s1,(1)
§@)= - 0.057 1.574 ~-0384|-|s1.(A)] ... (2)
b(A)] 1-0009 -0444 1.567) |s1,(A)
The absclute 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 feoregoing 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 characteristic. 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, inprovenent of
resolution is sacrificed. If the gain is applied,

noi se reduction is sacrificed. As a result, although
the primary color 15 system RGB i nmagi ng devi ce has
excellent color reproducibility, it can be nore

i mproved. In addltlon aIthou% the primary col or

%a&ﬁwnlrﬁa@.qu YA ants h(ﬁ/v%’%ﬂc%eé?ﬁértéﬂsor?f
00 RO, S TR S, ot
S&’r%grna\ép ge\s/i}sclg! exce%%e% ti:% %irr C?eg:{uo u0|3§r8| ity,
dend&¥Ss e A(—ﬁlrﬁet]ﬂ&ltie A LU MRAL & a\ﬁdfc%l WYarve

systen1c ter I's FKndwn as & ¢al or ter.
B Qﬁﬁﬂhﬁﬂ?Qﬁﬁgdﬂﬁélz%e%ﬁﬁﬁkﬁyf%¥'dﬂ“% FHUaREE- type
color filter ‘of which four color filters of for

exanpl e YppgellooWariGueCyarkriMt ioHBICRA! drodakdion of
(green) are arrayed as shown in Fig. 8 11 is known. In
ddlg@r Eilcewi,ridt dfs €4 cidotted improdet teekild nes i s
the mnimumunit. Fig. 9 is a graph show ng spectra

. spenditalyisensdftitviid iesnpl Boenaanyaiol dbhedysspac¥OMG 5

i magi ng device. In Fig. 9, a curve 36Y denotes
sepedttdyitd@ssi thoy epagple thie icedd, sdzeumay D&C
.denot es spectral sensitivity of a Cfilter, a curve
13’G’Me@@r%’t &F afpedEeCHriSe JSIN oy De appLied | t BPvWewRsHn-

K rv G .denqtes s ectr sensitivity of a G
i | S L0 I TeRgedy. 18Py SRt Bt vi ty

4 ggcn%c&gg%f AR s htghthehsagm °gpp1 2Ly, col or
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 ptimary color system RGB imaging device
has low color separafion 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 colpr filter is
also known as a color filter. An complementarily
checkered line sequence type color filter of which four
colbr filters of for example Y (yellow), C (cyan), M

(magenta), and G (green) are arrayed as shown in Fig. 8
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devi ce advant ageously i mages an object at a dirk place
and has excellent |um nance noise characteristic.
However, since spectral sensitivities of the color 15
filters largely overlap, if the color reproducibility
of the imaging device is inproved, very |large color

"separation coefficients are required. As a result,

igolkerowseparAt Fo8. N®| S& mACFreRASEes. 2 Thus, déhetr &0l vy
reproduci bility of the conplenentary col or system YCMG
d2Q: temin diimg sdéwi ¢dec adndtnume uniir.oved i n conpari son
wth that of the primary col or system RGB i nagi ng

devi ce. Thds, 9t hera gsaphchhpwdnof spechpabvi ng t he

col or reproducibility of the conplenmentary col or
sepsidmvivEVeti Fhg FETREPIEBLAIN €OAPKasYStemeYCMG

.coml enmentary 25 _col or system YCMG i magi ng devi ce has
1W§g§€9bgﬁaﬁcesep%?aT%%n 0i 3eCUFPHetlY 28NS t he

i tivi f. th I I CMG
PR GEDFQE TS BGR ERdPhande B Eaoa BRAPESS
s?%@%ggats%8g9$%%gﬁ.ogf.gobsgiiEeEveacogglg Eﬁaagnotes

ol or system Vnaglng evi ce tenas YO ecr ease.

sbBcei-Ber skdtivig ofOdR! AMRRLREY COhET o S¥GLED YEHG

|nag!ng geylpe Kas 5 su I Cl ent DO!SE characterlstlc
dandteBsypbiceiraNt seAEQEiviepr edusi i FifYerAs Aesidhed

above, en the conventional primry color system RGB
inngggngodeineei shesednsik i Bgnee B8eEEecHEEHNESILEr e
due to low sensitivity. 10 In contrast, when the
isohight i bhal comppémarhbayycodbor sysyeh enCMEMEnaghgg ng
device is used, color reproducibility and col or
ds¥paeraflvantageeusly 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 coefficients 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 impro#ing the

color reproducibility of the compiementary color system

YCMG imaging device. 1In 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

12
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characteristic are insufficient. Therefore, an object
of the present invention 15 is to provide an imging
apparatus and an inmaging device that can solve the

probl enms of the forgoing inmaging devices. Disclosure
of the Invention To solve the foregoing problem the

rese 20 i nventi on n 1 magi.n a aratus havin
b e Ty Banch e sl .aﬁ&ff : tssefnpaﬁent 3t
osed , of front and n
nod HRORE + mﬁfc% eme%t%r ural%F SS gé 9 <

sectlon YOCESSES a p

AR §dnkik0m, Haelmmae ' fﬁ@ﬂ §8£&

generates three primary or S|gna ereln t he

d eR@ntacy %%1 s?sEQhEQCMEVhﬁﬁb&n@oh%%léﬁshﬁ@
col or separatlon fil a 13 conplementary col or

surFieneadl abisepahalraeheltikiet, annd ingdlrifAedend @evbee
to which color lights separated by the color

reppadacionlfitit.ers are i nput, wherein the signa
processing section 5 perforns a matrix cal cul ating
process fBs tbhecplibedl abyveof wsegnahs obtuwentilobylt he
three primary col or system color separation filter
paAmariecednpl sishear RGBollorgisgstemicsl 45 yepdration
filter and generates three primary color signals in a
1PP#§PHP69P8nS@fbﬁﬁP@ﬁS|nﬁﬁﬂeléupnﬁgeleﬁtﬁeaﬁétﬁﬁlﬁY ‘
| ow m ddl e |l um nance | evel, and _wherein the sig H
IBr GEBEERAG - sEEFPoﬁhepEPﬁgﬁﬁﬁlanﬂétPP%P&ﬁPSBFQFYn§° or

primary col or S|g3ig§ obt ai ned by

FRESEnP ok, phAgRfoChrREcy 18°u8ka

reproducibility and color separation noise
characteristic are insufficient.

Therefore, an object of the present invention
is to provide an imaging apparatus and an imaging
device that can solve the problems of the forgoing
imaging devices. |
Disclosure of the Invention

To solve the foregoing problem, the present
invention is an imaging apparatus having an imaging
section: an image inputting section composed of a

frontend; and a signal processing section which

processes a plurality of image signals supplied from

the image inputting section and generates three primary
color signals,
wherein the imaging section has a three

primary color system color separation filter, a

13
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system col or separation filter and generates three 15
primary color signals in a second region of which the
i nput inmage data are in a high |um nance level. In-
addition, the present invention is an inaging device
conposed of a total of five color filters of three
primary color filters of R (red), G 20 (green), and B

ddniniemexit arypreaiary so@ tem HeEicemsehriatdonC @idfter, and
filters of Y (yellow) and C (cyan) of a conplenentary
a1y sin@aginthetesiiceG tfa mharah apdiany ladhihs sepegated by
characteristic simlar to hunan eyes are arrayed in a
ke rs Rt iy thiditedisacad din@atat i on of green is
obtained four tines |arger than that of each of the
other col 3P€reiR ABEoFdoRGLt BTORESSABLeRECEAPRNL i On,

since color filters of five colors of primary_col or
e et &M@%%ﬁ%f%m byfigality

LIS T L g S 'C%ap%"m%% R S e Y
. I
) gleise?;iﬁaﬂlrbna%lgt'regno rrg)ri% %n% 0085.81'

ers Ive

se;q,rtre%ﬁ F&i’l‘i‘irn%etd%r%tlo‘ﬂmf‘l@ﬁ%% 'a%\aelgen@&attaggttﬂgeéev' ce
havi ng hi gher color reproducibility and higher

p¥afiry \Hdlor RAGRIa sl aweln el segibhasrt hasenofingut
primary col or. systeminaging device or a

imagel edatet are dol ar 1sydimeddlengumd ndavec@evean had
acconplished. As a result, a scene having a wde
dynani ¢ r hgeedanthe s&gnalenroBeseinﬁbsectponon of
Dr awi ngs _

performs a matrix calculating process for three primary
color signals obtained by the three primary color
system color separation filter and dgenerates three
primary color signals in a second region of which the
input image data are in a high luminance level.

In addition, the present invention is an
imaging device composed of a total of five color
filters of three primary color filters of R (red), G
(green), and B (blue) of a primary color system and two
coler filters of Y (yellow) and C (cyan) of a
complementary system,

wherein G filters having a luminance
characteristic similar to human eyes are arrayed in a
checker shape so that space information of green is

obtained four times larger than that of each of the

other colors.

14
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15 Fig. 1 is a schematic diagram showi ng an array of
colors of a color filter of an imging apparatus that
has been proposed. Fig. 2A and Fig. 2B are a bl ock
di agram showi ng a structure of a signal processing
section of 20 the inmagi ng apparatus that has been
proposed. ,Fj i S show.ng _an_exanpl e.qof, _a
col or natéﬁ%%f Sﬁbﬁ%o%%%ggﬁFgéﬂtsggnggﬁﬁnSh%ﬁﬁﬁg an
= r t cAhi j i 5
R e S i o eon G R Sedp Systedh
HdH egrd Y dip fidndriariyn@lo 198! is/d & e arkOWbfibined for
condition. 15 Fig. is a graph showi ng spectra
SAensddMd Weifice ,C O i odddies-1akyTean- eel or
filter. Fig. 7 is a graph show ng spectral 5
isgnsivdd/idnd efolarprdepamna ttiainmeays emnRE8 ideagiedged .
device. Fig. 8 is a schematic diagram showi ng an
Tay redddidficgal engpaft siguladrs fof terloafs £idempl ededtiaey
color system YCMG i magi ng device. 10 Fig. 9 is a graph

- it P REBYGalares gedidbed wostraspenddmel éeedt ary

color system YCMG i maging device. Fig. 10A and Fi

L nances dfeitdt-i @NIAGIOANS dSYowen GaxAngr RAGhST COILOFrs
éﬁbﬁJH%JPQ¥f£%yR§§ Ch&g %&n%enggéﬁzgt%?'namely lower
noise, than those of a primary color system imaging
device or a complementary color system imaging device
can be 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 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 éxample of an
sRGB color matching function.

Fig. 5 is a graph showing spectral

sensitivity of a three-color filter that satisfies the

router condition.
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Fig. 11 is a graph show ng spectral sensitivity of a
hybrid RGYC i magi ng device. Fig. 12 is a schematic
di agram descri bing a signal process using output
signals of the hybrid RGBYC 20 inmaging 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 showiigg & filsow gfraphcehowitipanpbotmahg process
according to the present 25 invention. Fig. 15 is a
SR IsHAw 9 & aengieavtiiongdc dhdierg prdmpmy -grdsent
invention. 16 Fig. 16 is a graph show ng the

ison of CNs of a hybrid RGBY inmaging device, a
primary C?Lor S sten1inaﬁing device, and a
conpl enenf&fy JdoiSr BsJEEBM SPREINHgSHEGFERL 5 Fig. 17
Jé%éié¥€%%k g ra@fﬁygm n%6an exangle %f.% ngna
pr ocess agbording {35y &R08di FERE B RBfle 69& dnt
ddmention. Fig. 18 is a schematic diagram showi ng an
exanpl e of a transition of weighting gain coefficients
10 duri ngragsi gnak Br gERSRatBeSh1AbER LROWERGYANO

out the Invéntion According tot present 1 nventi on,

adftay BEJICBI.088Ybge ahaslarhyhltdrREBYS e6mgNehbht 8ty
conposed of a primary color systemRGB filter and a

cbiozorplseemnttaMy cobgingyakemc¥C filter. Various types
of arrays of colors may be used for the hybrid RGYC
col or Fig. 9 is a graph showing spectral
sensitivity of the complementary color system YCMG
imaging device.

Fig. 10A and Fig. 10B are schematic diagrams-
showihg 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 a graph showing a CN chart

according to the present invention.
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filter. In this exanple, color filters shown in Fig.
10A and Fig. 10B are used. In Fig. 10A and Fig. 10B,
RGB denote filters that transmt red |ight, green

l'ight, 20 and blue right, respectively. On the other
hand, YC denote filters that transmt yellow |ight

and cyan gdightg nespegt pﬁ!%Eo@%%P {?éa%%% gkgsoﬁogf

each show the m nimum un ray 0

o yr fd 'ﬁxﬁfﬁ@@&ﬁﬂ'ﬁ&g&%g e tike PrL$8 na RV el

The arrays of the color filters shown in Fi g~ 10A and
dysherd Obndgaigi@vittd,haind ke dempiidnititahicon o @ystem
close to a |um nance signal of the 17 human eyes that
ﬂtagaaid}der\alcades to the resolution are arrayed in a
checker shape, nanely, the nunber of G filters is
four tinmedilgr dégr isshanbilbekndibgraof shioWtiegs anotxemphe
of other colors. In other words, the nunber of 5 G

dfi |8 erigriasl d@inglvessn apgofridingr $oofan eabeidiimemn ofi the
whereas the nunber of filters of each of the other
ERsH i@"t%lqrh Fig. 10A, low sensitivity rovvs (G

R G and nd h||g;1l nsitivity rows g and
G are al lF na 8l ¢S rﬁ?gﬁmpﬁlgaé agrRE, PPWéRBOQB
tine 10 S varled i.n_each i .Si gnal.s can_be r.ea
AR LE Ay ARSI, S0 ¥ 18 PR S AR FO SR S5 P

[ d each row contain two Gfilters
r% %lhéﬂ% feglgters are a high sensitivity
Held't! @fod%%d ol Ql‘é(ﬂ:l’}l%%n%htt' ¥y I“l'llv]etrl“.!‘:J_vonThuS in this

array, there is [Iittle difference of |um nances both

~in the hopiceertahg dbr eaki pPeaRdtt havEAELbAA! an

direction. Consequently,
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 exaﬁple, 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, ¥C
denote filters that transmit yellow light and cyan
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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when the array shown in Fig. 10B is conpared wi th that
shown in Fig. 10B, although the forner uses a 20
conpl i cated signal reading nethod, since it is
advant ageous for a spatial interpolation
characteristic, it can easily acconplish snooth
gradation. Fig. 11 is a graph show ng spectra
gl teyeist \thaft dhieelybyi ¢eREB¥E tol dhef reselutianFage
25 11, a curve 37Y denotes spectral sensitivity of a Y
grnaved ia euchecBeC gbapdeesngpedlr althsenuinbeyi o§ 6f a
C filter, a curve 37R denotes spectral sensitivit of
ﬁ31?9§5fﬂﬁtéPuraﬁémésc&ﬁ¥53378h§§n5ﬂéanmBeF|Pfe?ll
shown in ectral sensitivity of each of

.°<,folet?r°§1 ' é’ﬁg‘eé SPlPEé‘ -cotl BHRFE Fr e orhe yRhRT LT

h h f B of h
g AR 95 SRS 2%5 e atAnuslel
wﬁu%r%%hf'%i'&' Bu&%g{é’e‘é@ eqy tékgchrf' 8a89359€5ﬁ£'?8% Q a”d

anoun stor magl ng aevi ce or

cgﬁ%'}sc@ sO%Rf. tRE ?&?borlBA' t% SEHSEBQVU]:; r8§s gl8: R

enotes a saturated électric rge 10 anount,

cdengldes)[ Bna ngﬁhgéagaeﬁvitycr@%sa( €, &il teran§8e!)
denotes [P - @ characteristic of a Y filter, 38R

attenatieerhBtelq) aghayaat eni shth 2indd Rf fd:&;icﬁur&&(ime
denotes [P - @ characteristic of a G filter, 38B
igenatréed| Pn- egQkhchanact sigaails oénab® rdddfwitkera As
shown in Fig. 12, a cell of each of a Y filter and a
lerpel dgnamici ngnaegh sensitivity quickly stores
required electrlc charge even if light anmount is
Fig. 10B shows an array of which each line
and each row contain two 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 direction. Consequently,
when the array shown in Fig. 10B is compared with that
shown in Fig. 10B, although the former uses a
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 coler filter. In Fig.
11, a curve 37Y denotes spectral sensitivity of a ¥

filter, a curve 37C denotes spectral sensitivity of a C

filter, a curve 37R denotes spectral sensitivity of G
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small. In contrast, a cell of each of a Rfilter and a
20 B filter having | ow sensitivity is not quickly
saturated with electric charge because the speed at

whi ch el ectric charge is stored is slow even if |ight
amount that enters the cell is large. Using the

A& ense of dhe LhRHSIdal oo Wl iftese cgl! snod
i Mege

aving a very large dynam ¢ range can

GARY 4, Qe ceeﬁﬁplénsslﬂ%tﬁr &2 loalh 2£CdJildrer vi S
first saturated in five color filters, with a boundary

aifd  diheatd GmpEnet iy fmwls@@t@nﬁqtsr hG ghfedl GRans
saturated in the cell of the Cfilter, a | ow m ddl e

1H#E e eadie @it i gh land Bande tmegipmimq color
defined. Thus, when an inmage has |um nance in the 5

dymtlem.ddl e | um nance regi on, signal values of five

colors R G B, Y, and C are used. Wen an i nage has
| um nancefilg.t A& Isihgws| Gkienzrdetiegsbap Sefiweenhan
cells of the Yand Cfilters are saturated with _
edieshriicc chargegamadingnd apdl ged ighty ﬁfﬂ@@n@o|PorS§°F€edaln
and B are 10 used. Since color. filters are_swtg
%ﬂ@%ﬁl& Vi #85de Cofomn fmide 9198 Filter.
rat n al ways ave.,a e de dynam c
it s cBhs e g eyl rashch e halisis: GoqRde
p for. £xa [ s .of Y,
69"%3{ etis‘%%? Art e B, SRR R e o o

f1TRE0 389V iqehoted W ch %ﬁo%h%':ﬁc%eﬂ%‘t&%n%% goRponent

of theé hunman eyes. To calculate signal values of RGB
fq_flt%t@:,! BRGE dedtRsSi[@nal gMalchesaetethetitBgienandavi ce,
a mtrix

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 reguired electric charge even if light amount is
small. In contrast, a cell of each of a R filter and a
B filter having low seﬁsitivity is not guickly
saturated with electric charge because the speed ét
which electric charge is stored is slow 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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20 calculating process is required. For exanple, the
matri x cal cul ati ng process for transform ng signal
values (Rin, Gn, Bin, Yin, Cn) of five colors of
RGBYC i nto signal values (Rout, Gout, Bout) of a
generated RGB i mage can be expressed by formula (3) 25
wth matrix coefficients of 3 x 5. 20 Ro Ruu, nbo m
¢, the FiwhiGandeni Phlﬁdilﬂhﬂﬁhlﬂiaﬂlﬂid'ChﬁIg@Sﬁs Bo,
mo mu nL mi3 M4 Y,, G" Since the matrix

e @dens dre fQﬁlri!mOef (tsﬁ)e Carfd Lfear.i @ daiwdmigdilen
coefficients of |inear nals, they are referred to
HPANGRe e HaT i3nd Por il AU nengEoReGH AEEhOd of

#%%ﬁ%%%?'@ﬁ the |inear natrix refer to Reference
BEak¥RPENVARUATEES RESylumiaeBte KBnFRfi
t haod of FEval uat tral S t t f
WM Bt o RgHRn o SusPed’ YRanesoth save' ©
t " of 0 | or 1
Bois® By GoE O bRy el luaBY. T uhgh (h  Prdel Ko
WinfirmRR! ilUPHRARGES 1WnlihaBeedeaghbhed hﬂc@eEﬂblcehﬂs

the case of | ow m ddle ['um nance inmage 5 When

off ghel wahdet &fi1Reard aBehawitigaltew ws.etﬁs thleh&*tE:)lc
becone | arge, the influence of noise to the signals

dhengree s sdgmlall, vandieshefsichirak valives &f, ¥,anddCs are
not saturated, signal values of all five colors of
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 values 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 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)

with matrix coefficients of 3_x 5.
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the hybrid i magi ng device can be used. Since the 20

nunber of colors of the hybrid i maging device is

| arger than three colors of the primary col or system

the hybrid i magi ng device has higher color separation

characteristic than the primary color system Thus,

the hybrid imagi ng device ganyperforman excellent 21
ing process with respeft™tlo both col or

r%@rod bbiWity“an&%noﬂh r@ddction. In the case of

hjg =Juﬂ1nance,hnag@ da; BVWen si gnal values of Y

%ﬂa C haV|2%@hg? senS| I'tly are saturated, an

' e {%uog 1ed " t B /s E dl val ues of the

remai ning three colors R E: and B. This state is the

sanme as that state in which't primary col or system

three-coléﬁJknagmmgmaamﬁzecm@ﬁﬁmaientﬁhué,fDMmuﬂbeBd

i magi ng device has color 10 reproducibility and noi se

Fred AR iRkl atEns (ceedificientre qff ilmeprcsignals,

systen1three color |nag|n device has. Next

thasiake dnkatRad (Riafy a Hdneadt ST - hyEPFdd%%B%S

m&%‘iﬂ%w s Rbe e s B

efi‘:nt ' oqle' ere%t Dmctu%%ntto d&? e( a'klalmlcﬂrer er? %t Nao%ra

I Ca pIct calrer a.

'I{a?ﬁe%?g'f&"l L i B B oomy sava B oy osaant

FeR 38 iGARRAG ) 'C‘Blblia@'l@r.tw&ls itdeati ngs R ilhe
primary color systemthree-color RG inaging device
(Mdél%mleﬂ.@)t"ar Vo@@n@l S¥SipRiPe¥eMaf 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 ¥ 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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i magi ng device. Next, according to the color filter 25
eval uati ng nethod described in the foregoing Reference

- Docunent 3, a nethod of drawing a CN chart of the

three 1imaging devices, which are the hybrid RGBYC

i magi ng 22 device, the primary color system
three-color RGB imging device, and the conpl enentary
TSN G \RY e KOG tH meginas e dmtwiddldae descri bed
briefly. Preconditions: 5 As inmaging conditions, a
RerrRAr e bhty ashmed s Frefirgtied by CIE is used. As

a target,(ﬁ_bstgacbeth col or. checker is used. A _canera
si gnal pr SIKGRT O Bigh faminapser dpage. ARER: Dat a

41 i_ned I aracteristics of _th
Giortal 10TR FoRRerA LS Atad: NG PRCLBORIER of
1.ral Li Nt f 1, l.or filt f _th
R s Wit By e L enesesteaigp
Py Qfaitiies JRGhR! B0l R 8GKS e éﬂ#%r%h%,sﬁﬁcgﬁﬁﬂ B.
radiation |umnance of. the I'maging |1 ght source. Tn a

™4 &t dalARGR GAMRERSAHIE RIRARSInddnilbhe thaw data
41 are nultiplied by a gain so that the |evel of data

pfineash caforc Gyeterbetem®s equwdl imagihat defrize is used.

achromatic color. Thereafter, in a color transform ng
Tinecedhe 4Fbrdidyiaagiagudeviiicee ualsy cptlogorti onal to a
| um nance 20 signal are approached to target colors
nepredvaibiid igvo éads notlses rgducddon4 3nc sheespordievel
the linear nmatrix process. Hereinafter, this matrix
gss Wempnimesy coferr systemadhwse-cpAorhdmagigg device
transform ng process

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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43, signal val ues becone three colors R (Red), G 25
(Green), and B (Blue). When the nunber of colors of
the color filter is denoted by N, the white bal ance
conpensati ng process 42 beconmes an N x N di agonal 23
matri x cal cul ati ng process. The col or transform ng
RIERES thib RAGHIRY ok ot NyBldn X HACMAL NG ocess.
Finally, a gamm conpensati'ng process 'S

PRAd AldTRIbviAfe 2 a8 WHe doMPlchdRERA4P 1R roRbIRed vame
5 final outputs. However, in this exanple, inverted
igEim o Rarvaciesr iwdillilc DeofdesRER e viSed1§s canera ganma
characteristics. The hardware of the digital stil
canera i sPreeogdntiaast:he structure of the signa
process shown in Fig. 2A and Fig. 2B. 10 It is assuned
that the ésnmimagReB cbndifddnisn assthndamdnidéghdre
reproduced by a standard sRGB nonitor and observed.
WIS SO dwstedd neid bys Clds dedsertat fhea EaRrgeh. REB are

col ors of the sRGB color space. However, _since the
th gedoR sheckecuis: vSed -1 yAnadretal 5tenad BHECRFS

Sy S EB07 Tond S, kB %%ﬁe%ﬁéegﬁ%‘éﬁ%{a%oﬁf gﬁéP:em i on
fcol i i i T
S e I L st T L U,

s1d 1t haRapRvey 8t el a%ﬂh%ukﬁgegrﬁé%c@ del ﬁeEsgég%ﬁgl

value. It is assuned that camer are data
seRGB ta9Hey Skatle €016eSPINFeRdok™ @hR* im¥aiHES deGapRS a

L*a*b*, are calculated according to a flow Chart
téleowipegtirad. ré4lusitagce 6@9at ypeoaphitshMB@9the
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 coclors 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 prbcess
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

23




10

15

20

25

25 or the like. The L*a*b* values are a col or space
defined wth three stinulus values of standard |ight.
CIlE 24 proposed U'V*W as a uniform col or space in
1964 and L Qv* space that is a nodification of the
U V*W space in 1976. In addition, CIE proposed an
L*a*b* space (CIELAB) as a col or space correspondi ng
mat e eolorld did fraress  hdhei sodensitbhesFarmang
color region in 1976. In Fig. 14, after an sRG ganma
BFQREES S haconas faorhet ¥ atHE Carksiud afdpas progess .
transform ng process 53 is perforned. In the

t r ansf or nit| aﬂﬂ@be§e9@@maRGBmP§P§aFF§ﬁsPEPH@&Slﬁﬁols
th t | sf
Ry 2%y2" RpESTrancPBPRRRFHL 35 Era RLALPAG 8
5. . |t * p*
%g’gaare %‘% Bebavena 1nshigottsiataar ?5‘%%‘6@

values at that human eyes can see are cal cul a

dMéﬂhdﬂ%&l%Qﬁ‘Hé al Thef haehanee 8F the adgebsi hseeipr
checker and the spectral radiation |unm nance of the

cainfrGAriG [Hhghts aaRiraee theS s tAscairev alfudhieoB iighdex of
the color 20 reproducibility, an average AE val ue
nrAEs)s sofshanc dinoFsig .02t lamdMVirdlget BBcol or checker is
used. This value becones a function AEa (MAT) of MAT
coef fi ci eAtsigunssymed thghakhpr oemssaoRGBhebtaired &8
given by formula (4) 4 AEaLN%T)— 1 fAEK(NMAT) ... (4)
such a manner are reproduced y a standard sRGB monitor
and observed. In other words, it is assumed that the
camera RGB are colors of the sRGB coler space. However,
since the camera RGB also calculationally have values
out of the sRGB range, it is ¢onsidered not to clip the
colors out of the range of the sRGB colors.

Definition of color reproduction evaluation
index:

The cclor 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*

X% 3 .
values, camera L * b*, are calculated according to a

flow chart showing Fig. 14 using a 709 type matrix Myes

oxr the like.
The L*a*b* values are a color space defined

with three stimulus wvalues of standard light. CIE
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24 K-1 25 where AEk : AEk of k-th color patch; MAT
color transformmatrix coefficients 25 Definition of
noi se evaluation index: As a npdel of noise contained
in output signals of the inmaging device, fornula (5)
Is used as a definition expression. This definition

. . : . ; (G
EOUERE P R A R BB A e 3
WERPUld&hitiht (9WBodiNGIR iAW oE ahC SR+ Rice
Shot Noi'se2 +DarakNoise2 ... (5) 10 In formula (5), as

idesiaridedInnaBaieioncecIBopuspbhel, ahKerhebk Bpabio,
"Chromatics of CCD Canera (translated title)", Color

(FaETAR)aEEN & YD1 .spdR cokkaspha@ng tas thed ded.oar e
val ues dependi ng on device characteristics (saturated
ddl fftremceartuatt isncsegs it o dmt nyofedlve @@Yicn -in 1976.
CV_CCD denot es optical shot noise, nanely a noise

conponent Inh&iadepdndaférraagi gREP vamme. pbecegendleds

fl oor noise, nanely a noise conponent that does not
&6h TR 55 tdfalCaPEItFe RGBePdr o tRENSLOFREngy Process

: t 4). T ' [ , t t
o Re s o pdBeLhBy RS EaNBI RISPEPGRaF P 0cBE
d.L*a*h* _t f Next .. . ti del _of

5 s hetome T T0aoE ety £ s cubkn?
t%%%?soi S-ilngu %gl%gr%% ARG Ryyd B8 8% ansForiled iQRR9at 1 on
L*a*b* using a 709 type matrix M;y,s 55. As a result, '

*gkb*

camera L 56 afe finally obtained.

The 709 type matrix M, 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 wvalue

becomes a function AEa (MAT) of MAT coefficients during

‘a signal process of the camera as given by formula (4).

1 24
AE,(MAT) = = [AE((MAT) ... (4)

K=1

‘where AEy : AEx of k-th color patch; MAT : color

" transform matrix coefficients
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Measurenent and | maging", Col. Res. Appl, Vol. 22, pp.
280 - 289 (1997)). 26 Wien input signals are linearly
transformed into Y = [yl, y2, ... , ynlt with an (mx
n) matrix A, the expression can be witten as -
follows. Y=A X .. 5 Now, it is assuned that a
vari ance-covariance matrix of input signals X is
gi-ven by efmpifiee) of2 nodlseQk¥aluatdlon iRndex21 a 2
... al2 ... (6) x 2 and ant ... an The di agona
conponent $5%f feded 2F( Bpisee condipd@cdainaRbérysl ues
of t ut, signal. If_ input 10 S|gnal values do not
Sdt%é) g

SIS} @(ﬁmntfsorafulﬁat Bilx %ohf@ﬁeﬁ‘tss
A di | 0. At thi
4%‘?‘1&%1%5\015%?’1 S o R geaRE by 285 EePh et bt ol o
'%eefd([})q'p F@ﬂ?ef ”Hél %1 (cDrr[en%y g E>((3 ‘ﬁtolst GE%.‘D]'S
or mJ][

i'STa loglica propaga expreSS|dn
AHQIrSE; \EMBIGE A ‘f@b‘b%%P‘i.fAY%O'z‘?{d HRAGES 3ohi BEARk¥Ring
transforned t herebetween. To transform camera
Majages) of the final output signals into L*a*b*
val ues, as described in the 20 definition of color

Neipr ofuei fil i@y, yhes) the XYZ space

= ShotNoise® + DarakNoise® . . . (5)

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

as - CV_ccp denotes optical shot noise, namely

a noise component that depends on a signal value. bg

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'é signal process and L#*a*b#*
transform. Next, a propagation model of noise will be
outlined (refer to Reference Document 6, (P. D. Burns
énd R. S. Berns, "Error Propagation Ahalysis in Color
Measurement and Imaging", Col. Res. Appl; Vol. 22, pp.

280 - 289 (1997)).
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is transformed into the L*a*b* space, val ues are

partly non-linearly transfornmed. However, since noise
variant values are normally small, the XYZ - L*a*b*
transform can be approxi mately expressed as a |inear
transform 27 using a Jacobian matrix JL*a*b descri bed

I n Referepggy ngg%ﬁl]]-gh Hn%%&ﬁ.%x 'tFE%‘h% FBR el

Motal with ~which oridi S|gnasare linearly
id@nsf o igto  Lra*bg aweeﬁ hﬁ mvs%nn YmbherRYl &,
(8). 5 ngyﬂal 5}2 JL* *b’*‘JY]VC g l?.. (8) where
Mﬁ\ﬂexp&hﬂdﬁ&ﬁkﬁﬁﬁﬂ)dﬁiﬂlﬁted\/lﬁﬁ @Qallqrowtg.ansf orm

matrix Wth the matrix given by fornula (8) and the
nad ge -pxopagation theoretical expression given by 10
formula (7), noise variant values of the final output
si gnal vaMNgws ddn ilse assiumgldattbatby fermange- @)Jva@Zam:e
OL*a* Oa*b. L*a*b*= aa.L* C2a* al*b* ... (9) Qa. b.
g ix @fh<inputy shgstadis X REBgwen Mo farmpten (n’)du se
anounts aL*, Q*, and ab* obtained 15 fromfornula
(9),rtoetal noi se val ues (TN val ues) defined by

for nilta (Cf"Ll ) ‘dre el cul ated. In addition, the aver age

| upr INar,0f .FN @al ues o( Eatches of 24 colors of the
bet:h col or- checker Pferredto as the noise

eval pation index. ,
On Puz o Oy

The diagonal components of formula (6) are
noise variance wvalues of the input signal. If input
signal values 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 -Xx - 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 XY¥Z - L*a*b* transform

can be approximately expressed as a linear transform
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24 20 TN. (MAT) = 24 fTNK(MAT) ... (10) k-1 where TNk
TN val ue of k-th color patch; MAT : color transform
matri x coefficients The TN val ues highly correlate
with noise that the human eyes sense in consideration
of both a 28 | um nance conponent and col or conponents
of the noise. The TN val ues are defined by the
Ugingow Fgdaddmn aatinix Jhiad destsidbetoimtRe feifdnce
(C)2+( a*)2+ b*)2 ... (11) L ab 5 In formula (11),
Dcumepss 6 .andhwss aReaPREPHRNAKY @@Eﬁixcﬂewaswbﬁhn0|se

nts aL* 6a*, and 6b*, respectively Wa*
gﬁ& iginad, sdanads gre &ﬁ&Eé%&éfr ftéﬁc?éfP&F“Gés into
10 Met hod of

i,hed.b V|S|b|I|ty
4%%* i NG Faﬂéﬁé?g'&u % S(Sgignal process:
peci figally, f ts are ecided during a
PP Fhal Yekss: ‘Plr ‘Jme a colé r epr oducti on

w%%%%u@bho? LRdes B5a AR ﬁa@QH%E ﬁgTeva ?Ekogr?ﬂg%érm

Conpr ehensive Error Matric) ues

meeidiged by fornmula (12). CEM MAT) =
(wcLEa( MAT) ) 2+(wnTNa( MAT) )2 ... (12) where we

wei ghti ngweenf thei eatrok goven byepsoEETab(8) t ¥ad Whe
“wei ghting coefficient of noise 20 anount

noise propagation theoretical expression given by
formula (7), noise variant values of the final output

signal values can be calculated by formula (9).
GzL* O’L*ﬂ*

EL*a*b* = O-a‘L" aza‘ UI_tbt LR (9)

2
Ga'b* . O-thws T b

t
= Mtotal * ZreBraw ~ Mtotal
With noise amounts ov*, o,%, and Op* obtained

from formula (9), total noise values (TN values)

defined by formula (10) are calculated. In 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.

24 :
N (MAT)=ifTN (AMT) . (10)

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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When wei ghting coefficients we and wn correspondi ng
to the evaluation coefficients are decided and MAT
coefficients that mnimze the CEM val ues are
obtained, a filter can be evaluated while 25 col or
reproduci bility and nose anmobunt are adjusted. Method

PlmEi kL ntgorﬁl\;l%ﬁé@{ tan@%&@coe G e NG WhOTh di

foregoi ng CEM val ues |C|ents are

Trad Ot af £Tue VA Fe tder i td QW) atipd MY Gpald | €8t i
color reproducibility evaluation index AEa and the
Ived ®le ybdeladm@mtsndex TNa 5 are cal cul ated. As shown
in Fig. 15, the results are plotted so that the
horlqutal a5|s depofes Aka and the vertical axis

g%;- )f&d )’reprodudibility versus noise]
(her fter hIS »ot chart is sonetines referred to

as the CN chart). The CN chart denotes the 10

capabi | i tyIIbff%Héﬁ-laor( KLt 8e*seWat o dod il @aced. A
| ower left region of Fig. 15 denotes a reglon in
Wnt EH-IRA %?CJreé}i?Sodlfcﬁmliﬂq vithipiad, 0.*, and
characteristic _are good. An upper rlght region of Fig.

%5 - $EFPREGTR 1N %h Wbt hagd He* r%ﬁ?oﬁ%ﬁ?%%W???a%nd
a rlstl r. Thus, nore the

a]p’TSd r(L"thjc‘egmc ?Seeq%ag%%s ovii'fci:"(l?l % ¥ ek lbr111]t e hi gher

pesfir mance of the fllter set is. When each

s ter set to be evaluated is plotted and conpared,

it can be Methiod iroralchividet ?,@93 et My Glirqh flcla}n%&—a

sets is 20 excellent. Cenerally, the locus of the

ERArd] igrotesytr ve of which the [ower left region |s

convexed. Thus, when the color reproducibility is

good, theSpeici€ically, 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) = \/(wc - AE,(MAT))* +(wn-IN,(MAT))* ... (12)

where wc : weighting coefficient of color
reproducibility; wn : weighting coefficient of noise
amount

When weighting coefficients wc and wn
corresponding to the evaluation coefficients 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:
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characteristic is bad. Wen the noi se characteristic
is good, the color reproducibility is bad. In other
25 words, the color reproducibility and the noise -
characteristic have the relationship of a tradeoff.
Fig. 16 is a CN chart of the hybrid inmaging 30 device
according to the present invention, the primary color
syst em t hiByeveglydngi wegiamgl dmviofe thendotrbgoing CEM
conpl ement ary col or system four-col or inmagi ng devi ce.
Rt on drThaeetdicd e tde fetee sad qulattedf. [Wbtbr the
reproduci bility versus noise characteristic] of the
iSth wefitdeiordtter dite GNMET AePEPHUGdRdtlddva
pl ot of [color reproducibility versus noise
ian dndep MEa Redyiheampics evadypstien index TNa
ree-.col.or. J maging, device. _Reference nuneral 61c
%ﬂ%ﬂﬁ%ﬁ?%%abeb' 1 So%hf¥8|6P F%Broggcig??if?sg£F§u§r6
i racteri sti .of the conmpl enentary ,col or
SR M AR (B Bhomirontad, BRI SRRELSE)ARR G tne

déﬁﬂid@qg%&&so%eha%egNTﬁ%abgl[%%qwq EgpgbguclgﬁF?t§

region in which both the color 15 reproducl ty and

vieQiste @ledlsaqt §hesbligaiterdeads phus, cAlArkMgi Bemdeyies
that is plotted at the nost [ower |left position on
refferdredusootast hkeChiNc baatrthas TexceM | &ffdrt denotes the
characteristics. As is clear fromFig. 16, since the
calpebidiiyobft hechybri dilfregi sgtdeéwvi be evahtiaRBdt he
nost |lower |eft position, the hybrid imgi ng device

i s superi&rlegerhéepti ragyoropBrFigst b demetay aevi ce
and the conpl enentary col or system inmagi ng device in
TEILRTc dRoiERr BAGRI BPLPTy T§REOABLR1LREY aREr NQiFe.

qharacteristic are good. An upper right region of Fig.
15 is a region in which both color reproducibility and
noise characteristic are bad. Thus, the more the plot
is close to the lower left region, the higher the

performance 6f the filter set is. When each filter set

to be evaluated is plotted and comparéd, 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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Actual Iy, RGBYC i magi ng devices having the 25 arrays
shown in Fig. 10A and Fig. 10B are produced and an IC
(Integrated Circuit) that perfornms the signal process
shown in Fig. 13 is produced. In the ganma 31
conpensati ng process, RGB output signals are

d8} 3 &b rdidd M%ﬁ@%&@ﬂ’@i‘%ﬁ%ﬂﬁt&{ i fsl%ﬂ;eciwri’ﬁ%rgf

l'inear matrix coefficiénts, weighting coe cients

- oMo Hlein WhredMtalok [imhgdenpiRe ine * G dfrHe CN

chart (Fig. 5 16) are used. Coefficients of * are

gimerenian fayynddl of 13)stdm FouRtitolbrd YhagihgB Hev.cé4?2

0.658 - 0.559 Gu Gou, _ - 0.255 0.688 - 0.383 0.706

Refaren®e numer(@ll)élaBagncte@d tloA0dfl.[2mlox0. 351

0.406 Y., Cu, Fornmula (13) reveals that coefficient

regingsiicdipd Isiat Iveravs dulige shgaasttegristdicle afoddenot

| argely increase. 10 Thus, a canera having a

hybrd dc dMag i@ e vilffyi nfefevpeee Bumepalabébnfpheked. a
[ apparatus that uses the

Xt , aq i mage i nputting .
éiaﬁio il F8diofg TERFOGM ARG iR Yt VeZSUSapdS® an i mage
' .wi.de .d ' ill .be d i bed. 15 B
DR a Ry G B SRgPeE, odgEo RSty RBSEEnargT
1&%\9&%3 'a%'%?:‘.%%rlcealefxféﬁcgfm?xhé}?é V) U5 enofls! ”aﬁfot
aving a wi de dynam ¢ rangé can %e sgahned. x¥, an

oRX BN B0 eboBuRARAh g Bkl DRI 80 ChAed e B 32481
y bé various nethods o calculating a
ofuheagefph e¥eh tarya chilve! syakef, £bak-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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exanple, a Gsignal simlar to a |um nance conponent
that the human eyes sense is used as a | um nance

val ue. The signal process shown in Fig. 17 may be
used. LM (H 71, LM (M 72, and LM (L) 73 denote

-linear matrix 32 processes for high | um nance, mddle

| um nance, and |low |um nance, respectively. WB (H)

WPW?Mngrspr%%F% RGH )outpwia chl gt e Whilicailated
ance pr Ref erence nunerals 77, 78, and 79
“&“‘gﬁ%r}é’ f?‘?% A ST t e Sy tAISleﬁnBGFp%}Ftrlx

BB UL ot T ot
ff f
e or yor 4 Zoi‘c."?%‘" o 8263k Ehel %Oﬁ%%éjé
¥ the g%éaco%tewlsmtgf 8e( & Bk fver v Torn Ea
& gai Pﬁ

the | um nance reglon, coeffi Ci'én
amq_(a = 0, b=1, ¢ =0). In the Iow |umnance
region, the gain coefficients are (a =b =0, ¢c =1).
In the vicinity of the boundary of eachgrrggion, a

in 1 figigpt t degr.gases Anotiher gain
cd@ff|0|£%§I t?a @deérggéesﬁfﬁgerse . g, their

Var i| at|i-dhdS%ar e 0.688t db38% ucOi6e. A0.3i |n| Bpef ficiens)
qpnt rql lg.om  segpson f%gat cgnky ol SO%H n| goefficients
f

[‘'um nance | evel or exanpl e, g st gnal ) of
each sanpl e of mhlch 20 for exanple RGBV@H i gnal s have
been A/ nalo al) converted is disposed (not

FSFBNAA 1»(%65 15"l Psﬁgﬁéﬁ&snfto‘fﬁéfl@ﬁeﬁse small

L it i e e W
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 éan be scanned.
Next, an example of this operation will be described.

Although there may be various 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

(H}) 71, LM (M) 72, and LM (L) 73 denote linear matrix
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25 Low | um nance region: In the |ow | um nance region
noi se reduction is nore inportant factor than color
reproducibility 33 froma view point of picture
quality. Thus, as linear matrix coefficients,
coefficients enphasizing noise characteristic are

égg?%%@é§1fﬂﬂﬂ%ﬁgﬂ“ﬂdﬂﬁ?éﬁﬁé]\ﬂidqig QEEiQERBQQandFQrw

mpl'e, coef ents 5 corr'esponding to the point o

MeninaMee resphtitlay . Poght k29 ok awh M k763 LAaFys-
16) may be uséd. The “coefficient values are given by

(the feolda@n menotend hitdMAAnck Mbces8.. S6ReBfetfbce
0.731 -0.419) GM Gout = -0.155 0.531 -0.210 0.544

G Rh1sBi7Y,. 78,. apfd)79 Bemot@ @A tiply344 HeRiGes that
0.405 0.457 Y,.n C, Since the weight for noise in
nfudrtiply Eputs sip@allar fpar galian vieloss an bor amdac( 13),
the absol ute values of coefficients of the fornmer are
reppgcddviedan those of the latter. Thus, it is clear
that color separation noise does not increase. Mddle
| um nanceFi&gi 68: SHOWE| AeAFaRatLtiRncBEf VRETRALRIf 8R1AN
ni%%Le_ | ym nance Eix |, are decided at a poigt of
RGECHCEERSS CPEFPSAREFAEIS - YATLALISR Chafalt®iPaPre
are ,best _.bal anced_usiing sigpal yvalues of five colors
15 SAGKVEr LAPR S Laar osTh CHRP rTEPR T WIHRARTRE HESHOT.
th@8h 1helhe2@1Reahk kog,an (bhe ‘i““ée=°{: LhgyCN
argﬁre0|ge3. l%gtrlx cgéf#|0|enfs t hat sa Rsfy or
m3%ATRl 8 S nan®B region, the gain coefficients are (a =
0, b=1, c =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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1: 3 shown in fornula (13) may be deci ded. Hi gh
| um nance region: Since a Y signal and a C signal are
much 34 saturated, linear matrix coefficients for a
hi gh | um nance pi xel are decided at a point of which
color reproducibility and noise characteristic are
best bal anced using signal values of three colors of
R & vievotiedm twerfd 91 adoefe iqsiadiitty -at Thhe, nest 1ineer
| eft position on the |locus of the CN chart are
%%ﬁoefé&@flﬁn&%n@eﬁfww gphigi 24 a0 SPLES f or
at the position of an 0 mark

‘%?Frg??tﬁrgmt%)arﬁm}m&él é"é‘ﬁhdéd-gn?l;'re"@&é‘f‘}ﬁ Ofekt¥ear e
S0, R A R b B8,
%ﬁ%%v%’“% b H% Bouns ST REORCRE FalE 18 TREeS
P 0 rfet%ggnm @-9; 53 2 WINanGs heyele %s%a' Cuh?{ed

rough three types o ear % processes

deEfiELen&NH@NheEZar%n%lbuh(%& %ﬁeSHQWQOWEn Gorméla.

corresponding to the input signal value. The signa
value is multiplied by predeterm ned garny

effi 1€ ) 18
cdfre pong%??]giﬁo ?heﬁjﬂorﬁfna Igg Ie_\}jelfl% ¢fhe pi xel
Gy gaghr OfiSt e BABAned . PilocefSdé4 (\BOH)| B4 VB. (M)

, Jand (L) sh n_F§i 1 41 pl ying
.ﬁ'ﬂ‘/ C 50\7/@2 780§g£rl1d %ﬂghowqétlg% |7@g45( )(f;”" :

n

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

Middle luminance region:

Linear matrix coefficients for an middle

- luminance pixel are decided at a point of which color

reproducibility and noise characteristic are best
balanced using signal wvalues of five colors of RGBYC.
In other words, ccefficients at the most lower left
position on -the curve of the CN‘chart are decided.
Matrix ceoefficients 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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Thereafter, three types of output signals are 25
added by addi ng devices 80 and 81 shown in Fig. 17. As
35 a result, an output signal value of the pixel is
deci ded. The boundary of the | ow | um nance | evel and
the m ddle |um nance | evel may be for exanple a 5

gg%ﬁﬁgg ofy sl 4 d | a f the
?q”nﬁi§§§§'9§b é? theqﬁﬁxﬁ%lgﬁﬁﬂgh%égﬁével
TEY ndifed A eAsardf duiiclaqong ef m%thﬁf Ralcnaedibhe
C signal is saturated. An enbodlnent of the present

taprsucibilasy Hhd e skpetiahaetlent s4asc Hrkebest
However, the present invention is not limted to the
talzodiede nisingnstieahl Wadniegu s fmutirbiec 2dlons of RGS.
present invention may be nmade on the basis of the
Igpiatineofworids ,proesdifti c liemtenaitotheFooséx doples, ledtt he
structure shown in Fig. 15 17, different matrix
Rofiddloat iofg thveo desiiss ody é‘-hepng chazd boe decdded.
| um nance levels. Instead, different matrix
fEdcdent§ fto ac@@s@@%y thatpeptdskigs £or ewsmple

| ow mi ddl_e | n1nan evel and high | um nanc .
evel 71 dddh (4. %P&éléapar Qfgﬁnveewﬁ} Bé igedis-

he . ce le whereas five calors of
TROe T eBidet oPRE heo R B LR Bl el Tl Y
f%&ﬁhhbp the present |nvent|on may be applied for a
evi ce nagg of three CMOS | ayers that are a bl ue '

nS|t|ve aye green sensitive layer, and a red 25
r i tfi @49ayép 6§$k€0a0(§ nfilm 36
=|-0.080 139 -0316(-[G, | ... (15)

0.008 -0.457 1.449) | B,

Gour
Bout in

The process is performed as follows.

When a signal of a pixel is input, a signal
value corresponding to a luminance level is calculated
through three types of linear matrix processes (LM (H)
71, LM (M) 72, and IM (L) 73 shown in Fig. 17)
corresponding 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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CLAIM5S 1. An imaging apparatus having an i magi ng
section; an inmage inputting section conposed of a
frontend; and a signal processing section which 5
processes a plurality of image signals supplied from
the i mage inputting section and generates three
primary color signals, wherein the imging section
haesulithr e qripmr \sigoladr vaisteemic dlher peieqedr dtsi on
filter, a 10 conpl enmentary col or system col or

1on filter, and an imaging device to which
color lights separated b the col or separation
filters ardq Mowndagersi thendoyi duaringneeedsvag and

ectlo rforns a rix calculating process for the
‘ﬁlfp Jd?a%‘ieg%‘@loﬁlaé( w&d B teFFémlPI%eeé‘ pri mary

b@%%lep RS A S%&%@#@&T-Ll*@éﬁ?ﬁfl 6ﬁYf?F]EEl?e
“?is“&l%ﬁ PR el Al chel Rt MM Fren ey

Pl HhRARGE d @MElyhiaRd 2@ Wieh iy nYt RE Sy anahaprtﬂ%eés' ng

section perforrrs a matrix cal cul ati ng DFOCGSS

dilynee AL FRthraa@ar signals obtained by the three
primary color systemcolor separation filter and

gener at esAhhemdodpmentr y£cehar psegeat SihPeat 566 ONEs
region of which the 25 input image data are in a high
beem sarcdflicwd|ly ZAesTiébedngiMowepea athis pseseit forth
inclaiml, wherein the three primary color system
1@6166¢10971§emtat1|1mntﬁdl ter the ewhpdimenst amst¢add)

filter, a G
various modifications of the present invention may be

made on the ba51s 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
fer two (1ow/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 theé 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 film.
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(green) filter, and a B (blue) filter and the

conpl enentary col or system col or separation filter is
conposed of a Y (yellow) filter and a C (cyan) filter.
5 3. The imgi ng apparatus as set forth in claiml,
wherein the signal processing section has a first

matri x cal cul ati ng sectlgﬁ ?ﬂ Lch generates three
primary color signals wt rst matri x coefficients

enphasi zi ng, &%a%@.r@%rﬁﬂr%rﬁu%t iHavihd B@ fildaglingegi on,
a 10 second matrix calcul ati ng section which generates

dd€ton Pranreima g | Qipud ey Sk oS b 8 1d£X a
coefficients of which color reproducibility and noise

e taaidy iatd a ssirghatelprdisd ssiney saciim sedend
region, and a m xing section which nmultiplies output
o apes seofa tthisafarigty kX aimeh o coirghaliest rduppdaleculfatamg
sections by gain coefficients and adds the products.
e Teagerdgimy: Himshrs@aisias sl Jepenates dhaies primary
wherein the boundary of the first and second regions
GBlYe| BeF¥ S n a | um nance | evel of which the 20

i magi ng deyi c yrated through the co enent ary
col or systéﬁ?@ﬂpoFi§e&EP§FPgnSFF%gQP 85 ﬂn f&§i ng

ev co sed of at of five r filters of
Fiqiwrdggr%prcfogory 3’0% fcol sse@farﬂtﬁpéld? il r( graeen)
ﬁﬁ& ﬂg%, I

co or#éq €%$pf el %%é§¥§? §%§§ﬁ§%§f%§lE@% and

| AN 1245 LMy hWE! @il o? f1iilghtlss s@%‘é&ﬁ%eﬂ by
| um nance 38 characteristic simlar to hunman eyes are

thld BAGT Beparataokerilhape s@el haputpace information
of green is

wherein the signal processing section
performs a matrix calculating process for the plurality
of signals obtained by the three primary color system
color separation filter and the complementary color
system color separation filter and generates three
primary color signals in.a first 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 luminance lével.

2. The imaging apparatus as set forth in claim 1,

wherein the three primary color system color
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obtained four tines larger than that of each of the
other colors. 5 6. The inmaging device as set forth in
claim5, wherein the minimumunit of the array is 4 x
4, each row and each |line containing two Gfilters,
and wherein the other two filters of each row and

each line are a filter having high sensitivity and a
SEpaLation Halter liewosawsiseidyiotfy agoRt Kaeddhéilltrirnance

difference is smal|l in the horizontal direction and
(green e flildgr .diande @ &n (biuephEilkagi Agddékece as set
forth in claimb, wherein the size of the mni num

ORLegeNtREY £olor Sysitemy colpr, sgparekirButifiesath

| i i ni G.fil, , ' .

domhpsealsE A (rtdeE it AfdnecEnd FRRD Sikhar -
[two T : . | Fty™:

L0 ol CorRe gl Y bbRkEataRoLder BUCRANTR! YLLK 1,

cont ai ni Ngnky@ihi ther 318AK NBroBLOR; SENSLELYOLYRADG
gtw fTilters aving Tow sensitivity
farg talmheriat ebY cankayY8d sd8tion which generates three
primary color signals with first matrix coefficients
emphasizing noise characteristic in the first :egion, a
second matrix calculating section which generates three
primary color signals with second matrix ccoefficients
of which color reproducibility and noise characteristic
are well balanced in the second regiom, and a mixing
section which multiplies output signals of the first
and second matrix calculating sections by gain
coefficients and adds the productsf

4. - The imaging apparatus as set forth in claim 1,

wherein the boundary of the fifst and second

regions is selected in a luminance level of which the

imaging device is saturated through the complementary

color system color separaticon filter.

5. An imaging'deﬁice composed of a total of five
color filters of three primary color filters of R (red),
G (green), and B (blue) of a primary color system and
two color filters of Y (yellow) and C (cyan) of a
complementary system, | |

wherein G filters having a luminance
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characteristic similar to human eyes are arrayed in a

‘checker shape so that space information of green is

obtained four times larger than that of each of the

other colors.

6. The imaging device as set forth in claim 5,

wherein the minimum unit of the array is 4 x
4, each row and each line containing two G filters, and

wherein the other two filters of each row and
each line are a filter having high sensitivity and a
filter having low sensitivity so that the luminance
difference is small in the horizontal direction and the
vertical difection.
7. The imaging device as set forth in claim 5,

wherein the size of the minimum unit of the
array is 4 x 4 and each row and each line containing
two G filters, | |

wherein rows containing two filters having
high sensitivity and rows containing two filters having
low sensitivity are alternately arrayed, and

wherein lines containing two filters having
high sensitivity and lines containing two filters

having low sensitivity are alternately arrayed.
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