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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
iFiggingdidpused lused in an image inputting apparatus 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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on the front of an imaging device. As denoted by 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 G1 filter that transmits only green light
of a first wavelength band, and a G2 filter that transmits only green light
oha sgeord yavelanglh bandFig, 2A.and Eig. 28 shaw ap.example of a
10 structure of a signal processing section that performs a signal process
fertareiindge signat baptorecbby anliveaging Wevica ferexapplesa €D
which has the color filter 1. Because of the limited drawing space, the
SRuEnre bPtheBiihal frackssifigvetabn iSsHeven Mins wue penridas of

Iq. 2 d Fig..2B ference numeral_10 denotes a frontend tg which
é%té%ggo égﬁﬁ‘55%5§%§§n&é§%éﬁﬁﬁéﬁgﬂ §sﬁﬁé§;§$ B |dnaD
BigHPUtAram animagesensok Ehestontend 10y PeHiaums gicoralated
double sampling process, a gain 20 controlling process, a digital
GranBfcrivmg Pradessrameigd: fortmfby thereelor 3igphls supplied frost the
image sensor. The correlated double sampling process is performed to
YaYovEHbiLe BERPonaAf BhifR afé dwbu thE BRI Sigh & dhage
glata which;are 25 oytnut fram the, frantend 10 qre supplied to a signal
processing section 11 composed of an LSl Large Scale Integrated
Circuit). 2 Fig. 2A and Fig. 2B show an example of a

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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The signal processing section 11 is connected to a microcomputer (not
shown) through a microcomputer 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 MigfocohpRer BfeFaes 129 The sighah pidcebsingeetion dd

erforms an 10 interpolating process, a filtering process, a matrix
B e oo R R e Sl g RSty toTies S tes
differerae signgl gepgEAtNg-RI9EERDuRRS S8 JNih-for Jowhypgs of golor

signals which are input from the frontend 10. The frontend 10 generates
dpea pictuessigrial £ dine gictnelsignalds suppliedstoid dispalaye nait (not
shown). The display unit displays the imaged picture. In addition, picture

HAEL ar@ ot RR G BTE iR Broeesdy setiogddidréon . the
internal. sforage medium, an 20 external
A A S R S

storing medium, or e. Next, eac 0
spgtian 13:will bedesgribedrABoffset eorpparsation. PHACESsHGEactaR
21 removes a noise component (offset component) from the picture
gideed Sapplidd from the 25 frontend 10. The picture signal supplied from

the offset compensation processi_r%section 21 is output to a white

balance compafsStSH BrodeEsfgTethin 984 1on 11 performs an

interpolating process, 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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The white balance compensation processing section 22 compensates a
white balance of the picture signal. In other words, the white balance
compensation processing 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

Beasah AowRULAbIEWRILR RaIANEE LOPINSAS AR, Pragessing, sestion

22 is supplied to a vertical 10 direction synchronization processing section
a3n¢mes gdeticabdivdction $ymthrarezatontprecessingsectoing@3l.. In
cgi}r/nchronizes picture data that chronologically differ in the vertical

FeRliol QBT a HBRYIY: tRVRRIBRERa GRS B Al EaP aBEP ARFFdH S0
asdpstmperon auatlical dreglion inigrpolating process and. 2 yergical

: < . . I 11 &
direction filtering process for the picture data. p?urallty of plc?ure signals
Eyfebionized &y the Merticeddisectarswichsaniaalidbpwsessing 29.e
section 23 are supplied to a processing section 24 for an interpolating

FrbEesenrRtctihgiirocesn sy ifdgeeny conspershting Piddesss anl,
Bl Pt U eSS eclon 24 perorms n e polino
minimum uni of the. goler fillereyR, Gl + &2 B) WithPhases-n 4e same
space, a filtering process for properly limiting a signal bandwidth, a 4
processing section 22 is 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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high frequency compensating process for compensating a high frequency
component of the signal bandwidth, a noise process for removing noise
components from the signals, and other processes. 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
hhehr AERBIpREESSIPYRREHaN PeDarirrraratfiRrcalcmpaoss forfour

inputs and three outputs. When 10 matrix coefficients of a 3 x 4 matrix are
BN, ERSEUER G0 o CINIRE AT bebhtaEd fof At paTaEH o b
feUROI¥SRIRGIEZB. RGBLiyta of the INGas MatHX PreGesRinthe

section 25 are supplied to gamma compensation 15 processing sections

Lbi b6, aaud26B hrespectiveds s€lse gamma compensation processing
sections 26R, 26G, and 26B inversely compensate nonlinear

characteristids: OF HePdiS pREA KTt ARFfisARMEREBNplSRAhEaLE four
chf{gcgeggi%gegutgg%i pals fthgggmn%%cg@ ENSAUON. 4 5 on 24
[ 69 ?PE fe pﬁlle o Ba

processing sections 26R, , and 26B aresu chofa

du@inanse (Y3 §ional generadion RFasessiNGh1S6eUa: 2A ANdR-€aloh 25,
difference (C) signal generation processing section 28. The luminance (Y)
Hignadl Pegenaratiion pravessigsiactios @7tcormbidés gamfvams matrix

c(:oInCp nsaI%d R(_BB signgls Wi,tg{ﬁredetermined combining ratios and
et ARE O RFhin fcd Sighal TR THIGNS three outputs. 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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difference signal generation processing section 28 combines the
gamma-compensated RGB signals with predetermined combining ratios
and generates a color different signal. 5 The color difference signal
generated by the color difference signal generation processing section
28 is supplied to a bandwidth limitation and thin-out processing section

A |dth limitatj thin- [ sin tian 29
%lgfr%%g%qs?é}::\ggl gg’]i)g%i%ﬂr%%gg %ﬁg%%d vc\% igc%%c%o?ogrg dglﬁ((eCJ r%Jﬁ?:S s%gsnals Cb
b EhBave heegdimierdivisipe Ny dtilaxed B heisgitatan Besaid that the

image processing apparatus using the four-color filter is superior to that
NIsRe e HredpranaBiodipefikartin eslcirpi@eueibiity. sl Genérly, it
d§ P eferregl that as fpectral sensitivity the imaging device have high color
reproeﬁj%l |Iit§lac1]’11(11‘3gdod noise characteristic. "Good color reproducibility"

means that thg imaging.-deMes LanRanse {he sama.colprs.aghuman,

eyes can or the 20 difference between colors that the imaging device can
cseinse ahidttherisumean eygs £ahngerds smalin Whai dke diurpas eyed can
see means that colors that the#an see. "Good noise characteristic"

2fhediis HHtRAd BistParobAR Y A Paitickidr it midafc e ede 8 Spram t
T e R
teavicendn Geplask e §OEROISE0 29 generates a color
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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largely depends on the relationship between spectrum sensitivities of
color filters of the imaging device, namely the shape of a spectral
sensitivity curve. A method of matrix-transforming output 5 signals of an
imaging device which are linearly proportional to the luminance and
generating primary color RGB signal values is often used in a signal

RS 880 e BEREh RNl ffadekplitfisaigarkeiswerows e Flgt A
A9, 68, Tis Rrecess isreferied 10 to as e incar matrix process. In
many cases, since an input image of an Image mpuﬁ]ﬁlﬂ ap%aratus‘iﬁ)'r
exaeple th scaml O digitabearoer) isehsarved apg editedon a
monitor of a personal computer (hereinafter sometimes referred to as the
PC), the targht Belbhd8 sphcwaf pivdry zotof RBBsigral values that
have heen matrix-calculated is designated to an SRGB color space,

SRR TS tREcABr PR BEEPE Foriitot SBEB FnidhRfdRAY
ical issjon). fi h 0 20
et hlor S e P A Mopehaef
cshionid Remransantad \Ahesdhe strarsmissiop side ffaasmitgacolor
image and the reception side receives it on the basis of the standard

PEsIGESFacet tifeyCOaY sharkaha Sahfa 86lof PapéddetibrapBapmisithe

arget s eci{al sengjtivity . (referre as the relative sensitjvity in the
L R e e

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 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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matching function of which a color matching function (refer to Fig. 3),
which is the spectral sensitivity of human eyes, is linearly transformed by
a 709 type matrix. For details of the 709 type matrix, refer to 5 Reference
Document 1 ("ITU-R BT. 709-3, "Basic Parameter Values for the HDTV
standard for the Studio and for International Programme Exchange"

1998)."). In Fig. 3, a curve 31x denotes a function x(k), a curve 31y
“{dae%n%%é% | fl%gl%lﬁ%,oa%nd"lg%ﬁ%vea 1%%&%&?0?3& nfgngtﬂfhcf ‘?)‘?The
@rapbof the ealgr majching function shawnsinddig,3 is defined.as the,Clfe
(Commission International de 1'Eclairage) 1931. Fig. 4 is a graph showing

hhesREBoolorimalchieg functibnaimsEigried chiwea32kdenotesa 15
function r()%, a curve 32g denotes a function g(X), and a curve 32b
n

THfotds a fNEiGT bl Sinde IResREB ToRF HRAERRY fuRGisTsdtisfies
R FUIER cangifiony igdmaging devicean sgnse colar gcli%at the human

eyes can see. For details of the router condition, refer to 0 Reference

rRperaest2 (Nobers @bia, thagmeeving ©an Ghrematics (Eranskated fige)",
ISBN 4-501-61350-5, Tokyo Denki-Daigaku Publishing Office (1993)).

anBwELEr, Sirfceriha Shebaal SarruRarshowreimAige 4 coh?dfs a) -
negative coggonie_nt, itis 25 practicgllg impassible to produce a

three-color RGB' filter hja'vir?g SGé Vspec Fal %%Hglﬁﬁﬁ/. T & M85 8Bior
xﬁ%ﬁ%ﬁg?@@fbga%E9QH%%§98§U%“¥3§3@%8§ y(A}), and a curve

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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and satisfies the router condition, the filter has spectral sensitivity as
shown in Fig. 5. In Fig. 5, a curve 33R denotes a function sR(X), a curve
33G denotes a function sG(X), and a curve 33B denotes an sB(X). 5 As is
clear from Fig. 5, the curve 33R of the spectral sensitivity of the red
component filter of the imaging device largely matches the curve 33G of
e ﬁ%@%@fé@@siﬁﬁ’@/ afahd grearpudrmpbaant fitlee Thistacahsshat two

omponent signals are very similar. 10 Thus, when three colors of the
s?fépé 5 gcg %&r)ﬁe}”oﬁ}fpﬁ‘tssﬁﬁgl‘grbﬁﬁe ﬁﬁé?g‘lng? devide s"rﬁg the @

dets, "eealiesPecta SSRGS how i H9-RR8 PRI o5

matrix calculations given by formu ) are requwed r(A

&. 1845 SRIA) 46 O(y) =28 P049:h1463 388635 nSEHA) an(BshH).
0.1182 -0.2783 1.0688 SB(A) As is clear from the matrix coefficients of

formula (1), ®%aldiI&beRe réd eBnipbhent of thBCoGIRLY SigRER, ﬂ"fe F@H‘-
Q tand the green_co nent the input signal multl
%}r/n Isa‘r?‘gnes%a xeg de églqen S ofrbeész?a %ﬁlg i means

thayneige @éthe-redsigealBndihegregn @ﬁ{l%ﬁ&l&e HRagipg deyice is

much increased. Thus, a three-color RGB filter that does not perfectly
spicfictnk oates cbhditiby, pdmehethatbas 25goodiaoisefthatrasteristic
with sacrifice of color 9

This means that two component signals are very similar.
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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reproducibility to some extent, but that has spectral sensitivity as shown
in Fig. 6 is used. In Fig. 6, a curve 34R denotes a function sIR(~,), a curve
34G denotes a function sl(G), and a curve 34B denotes a 5 function
s1B(X). Since the spectral sensitivity shown in Fig. 6 does not satisfy the
router condition, the spectral sensitivity of the three-color filter shown in

9. not.be. linearly transformed into the SR olor matchin
e o R b Incihe Lol O SRE O
SR eolor tipatehirgbinction is giyendyiformylaq2). PA)4.¢5050.649
-0.089 AR(A) g(A) _ -0.057 1.574 -0.3184 sly (A) ... (2) b(A) -0.009 -0.444
AuEEEAY MY Thenatisodute VEduestdfcall therfatyix eoefficreatsigigen by
éormula (2) are smaller than those given by formula (1). Thus, it is

1
TSRSt RhEH Gl Aré %égiraté’d‘,%o‘_i’sézi‘é%‘f)‘? reldfvely iRt RAstd.
HECUSE.PT Mg [9re goi&;}e@go%g issé'%%\’}c’%aﬂﬂatstgggxgizcﬁafl‘F%%mgf}/ Galor

system RGB imaging 20 device has spectral sensitivity denoted by &
iourdegs shalwein Rigt 6sandikasextallent caler-repsaducibility, ape oise
characteristic. However, the imaging device actually has spectral

RESKRAY FRABEBY 4 6trRf ad PehoWir rEFig o2 DECcAdde Biithghown in
rafencesolie Bsensitiviy of the imaging device sglf. the 18:q
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)|=1-0.057 1574 -0384{-|s1.(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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characteristics of a lens, and the characteristics of an infrared cut filter. In
Fig. 7, a curve 35R denotes spectral sensitivity of an R filter, a curve 35G
denotes spectral sensitivity of a G filter, and a curve 5 35B denotes
spectral sensitivity of a B filter. Due to various restrictions in production of
color filters, it is difficult to improve their spectral sensitivities, To maintain
theirspacital ssdnsitivifes faeexampledhe gell sizermay beddtnereased
or an electric gain may be applied. However, if the cell size is increased,
%p?db%ﬁ?é?ﬂcgfcf‘é%oﬁft?oﬁei”s” sachificéd 9 thé gain Bapslicdic halsaotes

reduction.is sacrificed. As a result, aJjthqugh the primary color. system
e L T T L R e e 38 more
g

dBpved. Ypaddiion, Altheugh tha primansceloksysiem ReBIMAGNG e
device has low color separation noise, luminance noise as a dominant

Tohpbrent 66 nepedtnds te trsddsevdusytooZD mvBsdrdsithvty. In other
words, altho%Jgh the primary color system RGB imaging device has

excellent colGF TeprddiRhRy St t’éﬁayf&ﬂﬁ}@{h‘?gé%oﬁ’s‘éﬁ’ﬁu“i?n of
Somplementary colqrsysterg celoy filieris, glso vaxpeai:lﬁego'or filter. An

: : 1 .
complementarily 25 checkered line sequence type color filter of which four

sapbartiittels obforexample &s(yellow) m@ {ayamnMt @ageatsdAnchG
(green) are arrayed as shown in Fig. 8 11

sensitivities, 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



10

15

20

25

is known. In Fig. 8, a matrix of 2 x 4 denoted by dotted lines is the
minimum unit. Fig. 9 is a graph showing spectral sensitivity of the
complementary color system YCMG 5 imaging device. In Fig. 9, a curve
36Y denotes spectral sensitivity of a Y filter, a curve 36C denotes spectral
sensitivity of a C filter, a curve 36M denotes spectral sensitivity of an M

il cupye 26 denoles nseirel sgnsiivly ol fler g shown

10 in Fig. 9, since thé sensitivity of each color fiter” |

aomplemMenialy colorsystemiGMe imaoing device advantageously

images an object at a dirk place and has excellent luminance noise

characteristi€ 1 BlowkveE, sings spéctriisemsitvitips of ttslcolor 15 filters
if the_color reproducibility of the imaging device is

largely qverlap,
s’l‘renrgsr'%\yeld{ JV/Q}))/ g & 8815 BRI ARG @%é’ffi&%ﬁ%rar%y etted XS a
iiRadingolRLseparation,neisg ingreases. s, he,colar, seproducibility of
the complementary color system YCMG 20 imaging device cannot be
siprproved inseormpadsdrt withf that of thelprimaryacalarsystemdR@Bnotes
imaging device. Thus, there is much room for improving the color

SRPFSHIDIfGTUT Hd CdliplShedtdry ESIbE_Ysteth YEVE iktabidgdetrs.
sPeRAALAEt 08 COMRIGMEniary 23 olar system YEMC,imagind deyice

as large color Separation noise. However, Sincethe seng) ity of e

aepipplemaiiareRlor systeny GMG insagingdlevicetisrl2 aAs shown
in Fig. 9, since the sensitivity 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



high, luminance noise which is a dominant component of noise of the
complementary color system YCMG imaging device tends to decrease. In
other words, the complementary color system YCMG imaging device has
sufficient noise characteristic and insufficient color reproducibility. As

n: Jescripedabave, W%%é‘l%hee conventional p%maf%&’fl%rnscys%g}aﬁ%%nt of
gfmaglng evice is used, luminance noise becomes large due to low k
noisensitivity.lh conrasEdiam thie conventional eompléfientanpéoler device

reRYStem YEMGimaging device.is.used galor reproducibility.and color .o 1 oy
separation noise characteristic are insufficient. Therefore, example ,
sY SrBodimEnE mayigtavidetan iMagigtappdratus anthan ifagig device- s
cndbhatean-salve the problems of the fargeing.imaging deviees . Diselosure
of the Invention Zn a first aspect of the inven there is provided an ima inq:
apparatus tomssing- &7 imaginG ' seBtioh hevingE thréa priary c%]fo%“a s
co Bystemyealen separatiomnfiliercand«cemplementagyicoldrsystemaoloticise
e SERaraton fiter; and a signal progessing section configured to generate,
“three primary cofor signals by performing matrix calculation process for
theutpatsignalscofa the dmagingrsectionyobtadned byusinghoth Cilie threeging
ae-Primary color system galor separation filter and, the, omplementary;color. ..,
system color separation filter, when a luminarice level of an image
no ghtaified by theimaging 3é6tiom 38 afirsteRfinance region, and to

generate three prmaly colgrsignals hy.performingdmatiixcaleulatione  zn

process for , . . )
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



the output signals of the imaging section obtained by using 13 only the

three primary color system color separation filter when the luminance

level of the image obtained by the imaging section is a second luminance

region, which is higher than the first luminance region. in a second aspect
on 0 the Invention, there.is. provided an,maging progessing appaatis fa, ..,

p\?ocessmg ou?pLﬁ signal of ar |mag}’]ng evice having d fhree primary
whenlortéysteinicolor separatioreflitercdnd Bhcomplementary teoloesystem the
imacgiq{%se%aééﬂ%iﬂte{’s_sa'g image, processing, apparatus Gomprising: &, s

signal processing section configured to generate three primary color
higigials by péfisrniingThatrixdaléaiation PFocass for output signals of the

imaging deyice,obtained by usingbothy the three primary.color system:  is

color separation filter and the complementary color system color ,
Prygparatiordfilter T funfiiaiice evePof &RiMAging obtalifed BY i 5579
sutmagingi device is:a fiest luminance regioncanchto-generaterthree psimatyry

golor signais by performing matrix; %anlcu%afif{]e process for the QUIDUL. ¢ .y
O Signald ot the infaging devics obtained by Using only the threa primary -~

co botor system colot cseparation fiterwlien tuminaneé develaf thepimages s 1 g
obtained by the ima ing evice is a sechgL Iyminar}%ec &rggippmwhiqhnis+ P
ap%?é_fﬁetr%ﬁen the fifst ubml%%ahce rggion.b ,&fasloacﬁscloged Is an imgg_ing ] -
compparated having arniffaging sEEH6s; aPittage inputting sectiornals by
pefomPEsed of & frontend; and.a signal, processingsection Whichyi gnais of
rocesses a
thg imaging device obtained by using bkoth, 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



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 I3a complementary
color system color separation filter, and an imaging device to which color
cofdbis separated by the color. separation filers are,input, whereln the, -,
gna proceéélng sec“tloan)en%rms a matfix %alcuﬁitlng process for fhe
imgoluralitycefsigrals cobtained by-therthieerprimarecelor systeivycoloe color
e segggaltiorp Ljillt%ggg; tg%goimrpl%@entary color system. color separation
Yifter and generates three prlm%ry color signals in a first region of which
input image gata are ima low/middle clumminance:leveleandwhepeinthems &

ma SI9NAl processing segtion performs 2 matply caleulating process-forthige ;
primary color signals” obtained by the three primary color system color
obsepacatidny fitdrearidgereratesithree printary eplor Signals. inca sseconelt1on
£ Tegipn of whigh.the inputimage.data arg in-a high, lyminange leyé?#)ﬂéc& ion
~ disclosed is an imaging device composed of a "total of five color filters of
£1 e prirdagcestepfilters torR {reeh) LG (gred);  and Blbhie)cof dlpAmanr st
r=GOIN system andstwo:cglar filters.of Y (vellow) and.C (eyan) of 1@y /midale
complementary system, wherein G filters having a luminance
luminance level, and
wherein the signal processing sectlon performs a

=
T

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



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 In example embodiments, since color filters
of five colors of primary color system RGB and complementary color
system Y@ are combined for animaging device, color, reproductty can
be |mprove8 and cofor Separation noise tanbe décreased” In addi ion,
£ ioutput Signalscdf cploisisfilers of five colprs ohRGBY Caarg selegtédmentary
<o £RUesRaNding fa aluminance Jevel, an magina.device fiaving higher
color %progum ility and ﬁlgrple"f“éensiﬁwty, namel?ﬂowe? noise, than
rephose:of & printary celor systenyimaging devicecof arcomplenentary coldrse
cafYSIEM dDaging.device can bSdaﬁ%%'Hg','ShS tBR e T%%%'%aa%ceg% h%‘éggrs
a wide dynamic range can be captured. Brie @escnptlon of Drawings Fig.
f1leiss seherhatie diagtamshoWwing Gy array of esloesvkd color fiterefan ng
v, IMaging.apparatus that has, been. proposed. Fig. 24 and Figy 2Bare a.. .5
block diagram showing a structure of a signal processing section of the
repmaging-apparatus thhathegtseenssioposed 1ikig: 31gaYraph Showine ars e
rn £Xamplesof a.coloy é@@&%&@;fueg%@ Fig. 4 Isp graphishowing,ade o a
example of an SRGB color matching function.
complementary color system imaging device can be

color

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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Fig. 5 is a graph showing spectral sensitivity of a three-color filter that
satisfies the router condition. 15 Fig. 6 is a graph showing spectral
sensitivity of a conventional three-primary-color filter. Fig. 7 is a graph
showing spectral 5 sensitivity of a primary color system RGB imaging
device. Fig. 8 is a schematic diagram showing an array of colors of a

color filter of @epmplementary MM MGimaging device. 10
Fig. 9 is a graph showing spectral sensitivity of the complementary color

systein MOMG dafiagingatexdoe: Fagrall0A and &ig il are-sohbmatic
diagrams showing an array of colors of the hybrid RGBYC imaging 15
- Fig. 11 is a graph showing spectral sensitivity of a hybrid RGBYC

imaging deercggEig7 1% Sis Ss%?%?n}?tig dci)ﬁigrg descr'b}i_ﬂrégla signal

process using output signa e hybri YEH Imaging device.

g 13 issa floweghart showing:a oy oF asgignakpiogess agepraing to the
present invention. Fig. 14 is a flow chart showing a flow of a color
dearis?érming process according to the present 25 invention.

Fig. 8 is a schematic diagram 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.

16



10

i5

20

25

Fig. 15 is a graph showing a CN chart according to the present invention.
16 Fig. 16 is a graph showing the comparison of CNs of a hybrid RGBY
imaging device, a primary color system imaging device, and a
complementary color system imaging device. 5 Fig. 17 is a block diagram
showing an example of a signal process according to an embodiment of

the present i8ntidh. Fi§. 8 EraBRhEMANE Afhgram FHIWRAG sRCT of
f " R il ! ol
SEmpe 9 fgf&[lzi '%%W?WQB%&?%E%@&EQ S%%g(r)%#?g c?b%% pa

process. Be odes for Carrying o e Invention gtot
Presem inver{ion; ade IMa@ing Aexice Rasm byhdd RGRY canlar fillgsten
composed of a primary color system RGB filter and a 15 complementary
oo igygteaWiG fikter. 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 08 art Uk, fr B0 TOACAPER 15RO REE dEhorAErLe

dhattransmi 1ed ight. green-lighta20 and blug, righh sesnectively s Opdhe
other hand, YC  denote filters that transmit yellow light and cyan light,
pespecitvelynFeg tlidh and Fig. 10B each show the minimum unit (4 x 4)
of an array of color filters according to 25 the present invention. The
awaysofﬂmgaﬂbrmﬁﬁés a schematic diagram showing an
example of a transition of weighting gain coefficients
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 compesed
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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shown in Fig. 10A and Fig. 10B feature in that the G filters which are
close to a luminance signal of the 17 human eyes that directly relates to
the resolution are arrayed in a checker shape, namely, the number of G
filters is four times larger than the number of filters of each of other
colors. in other words, the number of 5 G filters is eight in 16 filters of the
minimum unit, whereas the number of filters of each of the other colors is
two. In Fig. 10A, low sensitivity rows (G, R, G, and B) and high sensitivity
nunfBS{8:Culy and Glae alterpalely armgyed in cagh Iige, If gxpasure time
10 i§Vared 1 sath fine, sﬁné S’can be read with “aelarge ynamic range.
arr EFigd 0Biskows aniarrasbtwhichreachiine and eachrew cdnt&in two G
£1 1 Blters and the twa qther filters are ahigh seasifivity fiter and-a lay 15
sensitivity filter. Thus, in this array, there is little difference of luminances
of patinthe HidkzonER ldiksctionandPtHeavertiedlireclibh. CeRBEGUEHTlY,
¢ £Wwhep.the arrayishown in Fig. 40Bds compared with: thak, shown in, Fig.
10A, although the former uses a 20 complicated signal reading method,
whegpRa itiReadviiragebds forid §patid ntefidlatin Sharattetfstic, it can
coleasilyiaccopmplishismeeth, grackation okigs 44 43 agrapk shewing spetral

sensitivity of the,fgbrid RGBYC color filter. In C'::ig'GZSYll’ ancclijr@ 37Y
G/ BBfiotes SPeCrAr Sendifvif ora yoY Tows (6 E 0 E
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
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filter, a curve 37C denotes spectral sensitivity of a C filter, a curve 37R
denotes spectral sensitivity of G 18 filter, and a curve 37B denotes a B
filter. As shown in Fig. 11, spectral sensitivity of each of colors Y and C
of the complementary color system is higher than that of each of colors It,
G, and B of the primary color 5 system. Fig. 12 shows the relationship

Hetlveen aRmEleRtriigargé A ARG afd & IRjhE hhidtint P 3fré8 AV he
imaging device for each_colar of the color filter. In_Fig. 12, Qs denotes a
) B et Lo Ty O oRaEctabe of
€ flters 38K denatps Hhe Rl sharactaristic of arénfiltes, 38R wlenoiasdF -
Q] characteristic of an R filter, 38G denotes [P - Q] characteristic of a G
tfiat, 388 dendtesfiPcdpetsarBetesticanfiaB 45 fillee. A shewy icFiRT
12, a cell of each of a Y filter and a C filter having high sensitivity quickly
Sﬁgﬂé@'}equired electric charge even if light amount is small. In contrast, a
cell of each of ;R fifter and.p,2Q Bfilter haying law:sensitivify is.ngt,
quickly saturatéd with electric charge because the speed at which
edleecttie Lhatgaisgaiokeabisstow exad ifdight aaimouwmidhatemestiheae!lis
large. Using the difference of the characteristics of these cells, an 25

YhtagERdAmg adRyy iR g& e naffdrafRtCantie Eastufedor filter.

In Fig. 12, Qs denotes a saturated electric charge
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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For example, since a cell of a C filter is first saturated in five color filters,
with a boundary 19 of the light amount Ph for which electric charge is
saturated in the cell of the C filter, a low/middle luminance region and a
high luminance region are defined. Thus, when an image has luminance
in the 5 low/middle luminance region, signal values of five colors R, G, B,

o% aneeC argusedniliien amingage Bas dHminance;in the highJumigance

region, since the cells of the Y and C filters are saturated with electric
shbvge Sighal valtes afehieecdolbiseR CGf aid Brareal A.usethiSiate color
filters are switched correscﬁondin_g to luminance of an image to be

YERERABG I FEH LRRa P hfyeld 9 ML ARSI REFRA LEFSnance of
@&impfg@_ca@pgsd'etgﬂggqegncggﬁg%oqg%@ 5911‘(195.?5%@8 I%gigg(?gvalues

of G, Y, and 15 so forth, which are Signal values of an imaging device and

Mehigh ot aduninanse eempenent of fitshumanueyes  orgaleulate
signal values of RGB of an image with signal values of the imaging

VRIS afmaffix 20 c¥lcuRiifgpraeessisedquirlieForcsxaimgiae theas
matrix calculatingtgro ess for. transforming signal values Rin‘aC};in Bin

NARIBEHIGT fiv8 colbts bt ReBYE S Shraf v4it8s (R30ESd ?B’Sﬁlljjo?
& generated RGB imagesan be-expiessed Pudormyla (3 23 withumatrix

coefficients of 3 x 5.

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.
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20 Rin Rou, mo m1 in, m3 rna G10 Gou, =m5 mam7 m8 m9. B,,, ... (3)
Bou, mio mll m12 m13 m14 Yin c. Since the matrix coefficients of formula
(3) are matrix calculation coefficients of linear signals, they are referred
to as a linear matrix. For details 5 about the method of determining the
linear matrix, refer to Reference Document 3 (Takami Mizunaga, Naoya
Katou, Kenichi Nishio, "Method of luating Spectral Sensitivity of CCD
Filter,Considerng Mejse n(TkahSlated Title)", Journal of papers of
lon Egrym 10, JARAN 2003, pp.|20p 3P (2003))3Next, image data
gvin ifferent luminances will'b Sdribed in detail. In the case of
owfmid ﬂé@u%&né’é’%m%é dhra: hen signal values of R and B
having low sensitivity become.large (he influence of noise to the signals
becomes small|, and the Si%r%;itl values of Y and C are not saturated, sicgélal

values of all fid'E8ord st R Ryid RRAdinG 4EHEE cah HePuded: il
4be 2Rnumerof colors of the bylri¢ imading deyiee s jarger than thyge

colors of the primary color system, the hybrid imaging device has higher
wodyr separatiofe chamcterisiic than ihe armantedlgr. sysem.dBiisi 1s

about the method of determining the linear matrix,
refer to Reference Document 3 (Takami Mizunaga, Naova
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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the hybrid imaging device can perform an excellent 21 imaging process
with respect to both color reproducibility and noise reduction. In the case
of high luminance image data: When signal values of Y and C having
high 5 sensitivity are saturated, an image is generated with signal values
of the remaining three colors R, G, and B. This state is the same as that

skalg iR Whish thes privnary celog systen dhres Rl dngging agi.g device
is used. Thus, the hybrid imaging device has color 10 reproducibility and

Peivecorbgeittion kttheasaimedevet athecprimary color system three-color
imaging device has. Next, an imaging apparatus using the foregoing
hybrid RGBYCint&§inG 4&0icet chPé%%n%F@%@%?gifa%ﬂrF caaea, will
be describedHONaYRL-{08 RESRLINYRNIPRIR ROL Inlted {6 a s,
camera, but is applicable to a moving picture camera. When'the
deregoiny hylrihREBEE inaging, deniceda gised in goare el hasth
higher color 20 reproducibility and noise characteristic than a camera that
U<tRdhe PRikES cofor Bysters e issiotREBe imagding YekiceGandithie B.
omplementary co or system YCM imagglg device. Next, according to
Tfﬁé%o or%itft@er B e%/aﬁja?ﬁraemgﬁ'uot Gescribad T tHe %%gca}ngkﬁ?eference
geapent-3. 1a meiled efdraviag a N chart.of the thrgev s oo 15 used.
Thus, the hybrid imaging device 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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imaging devices, which are the hybrid RGBYC imaging 22 device, the
primary color system three-color RGB imaging device, and the
complementary color system YCMG imaging device, will be described
briefly. Preconditions: 5 As imaging conditions, a standard light source
D55 defined by CIE is used. As a target, a Macbeth color checker is
REHCA cAREr PRI PFoELILIN WS TiERigt BB ee peddipieREaw Data

Alre b 'Q(?L%gsg ral,characteristics of the digital 10 still came
]inte%’%éltglgng%e produc%tg'o% thg%pggﬁtg %@ﬁ?%\ﬁf?]of‘?ﬁg 2blorHifieror tf%gé

imegingydawsecéhe spadrabsefipctancaela s9loepaigh of the Macbeth
color checker, and the spectral radiation luminance of the imaging light

source. In a Whte d5Adldwcs compensating process 42, the raw data 41
are multiplied by a#aln so that the level of data of each _of colors

becomes eqliSl BRI SRFRAP AR oIS, FhERIRER it 3o
Seansfemping niegess. 43pidaakvalues lingarly propprtonaliga

luminance 20 signal are approached to target colors by a matrix process.

MBhib pracessi4d cettespandsite the daear anatindqiracessyiitereipafiesss
this matrix is sometimes referred to as MAT. In the color transforming

sho¥Rsd M T ignal YalesRiebaiagiee ddtrs RaRed) 1 GEZS (Green),
o%@%?n@éyee)%m{;:e%ne@aelnuc g.?:ra%ft%orlg.rss togcg]eocto Iogggteéfgq%%%}ed by
, the white balance
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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compensating process 42 becomes an N x N diagonal 23 matrix
calculating process. The color transforming process 43 becomes a 3 X N
matrix calculating process. Finally, a gamma compensating process 44 is
performed. As a result, camera RGB 45 are obtained as 5 final outputs.
However, in this example, inverted gamma characteristics of SRGB are

Haed 82 A aANg. phaaclaristion, Ihe hargware ol dhe digia, st
camera is the same as'the structure of the signal process shown In“Fig.

RAcands Figt 2Bhd@dinissassumed thahthe-eamern BeEebiaingskinssueh a
manner are reproduced by a standard SRGB monitor and observed. In
other words, fti8asdiimed tHamMhe CANBEIRSBLA® (ulocesfthd 4RGB

cologosgacg. However, since the camera RGB also calculationally have

Rafued 5 6ut o ﬁweasﬁéﬁuraiﬁge,c TRCESh R Fted Mot TS PR B6/reBut
ofiha rangeefibe sRGRcalers. Defipition of color rgprogdyetion o 4

evaluation index: The color difference between the output 20 signals of
Jlasuwameha aadtthe hsimiarseyes iskeicateduas a deladza Sk yhvajaamt
is assumed that camera RGB are data of the SRGB color space,
CPERBORTMY IS VElGed12EREE T *2 i thfe Gliadiatel adcbiding to
ealovchart shavig 0,14 100 £02.1Rematrix 702, 33,0 the fike.

(38} ST
The L*a*b* values are a color space define waITe

process shown in Fig. 2A 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

24



10

15

20

25

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 proposed an L*a*b* space
(CIELAB) as a color space corresponding to the color 5 difference that is
sensible in any color region in 1976. In Fig. 14, after an SRGB gamma
ProcexsRD 5 PENbrmeddorheanitraRGB SIpaararisfomtifg prockss
534S performed. n the,transfomfy’r_l% frocess 53, RGB are transformed

Into threPSiiRutdaidss RY2Ofta 16%rFor 'n& lb?oc%?g*éﬁf XREASfe
{ranstorged info Ali@ by Yainger 09 i @Eﬁixa!WQQéﬁbAs%@éalt

camera L*a*b* 56 are finally obtained. The 709 type matrix M709 is
(0EBENBE] ira RefersricerDsgumentich riieEpe h g valuesithatibhadbr
human eyes can see are calculated with the spectral reflectance of the

Fradsstrecfor dhtkéSafE eidpettril raidtiorP hARinefgd o tHer 1976
standard light source D55. A evaluatiQp index of the color 20 .
hfn i?ll ?é %@@ 1¥ &r%a%ﬂgrég g(%?ron% %]f%(:eelﬁs 52 1s

reproducibility, an a%érage’A value 4 acbeth

plFhesleristusatk Thisawalde Regeomes a fundioasdza{M4 Ty o6 Mk
coefficients during a signal process of the camera as given by formula
33). 124 dEF Ovag f AER (MAT)trigsParming process 33, 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,

*akh*

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}.

1 24
AE (MAT)y=— [AE . (MAT) ... (4
a( ) 2441 K( ) ( )

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

transform matrix coefficients
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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. Holst, "CCD ARRAYS CAMERAS and
DISPLAY'S 2pd f5th 1 tJ(Ja Ryblighing « (1998 ¥ oIy raWrevas CT CCD'’
h ShotNoise2 + DarakNoise 2 ... (5) 10 In formula (5), as described in
Reference Detumemds IKedflichioNishios SGhromaticsiof @GBplamera

(translated t|tlg Color Forum Japan '99, 143 - 147 (1999) ), as and
Nl es Bﬁeﬁ&fﬁ@b?]%é%ﬁé’é%ﬁara&g L8 ($Rirdidetedge 2

M%S%%ﬁf%@@l%f the 6Dy a&&i’&&%ger‘%%? °s°é h Sh
noise, namely a noise component that depends on a signal v ue b

dlenctadiabrinpise fwarealysa poisamemponent hat doegoneidependmon
a signal value (refer to Reference 20 Document 4). The noise Noisea, is

ABAEGatet iERAR0a8 T AEESPEEES RthelAneradEigRalprosassiand

( *gé * transform. Next, a propagation model of noise will be outlined
er 80 Reference Document 6, (P. D. Burns 25 and R. S. Berns, "Error

Arsgpagation/Analysis In Galor

— 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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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 variance-covariance matrix
of input signals X is given by formula (6). 2 ai U1, ... aln a21 U2 T mi"e (6)
2 n1 n2 " an ThERiadguotaf coApomeht ST oftIadE ) dret TRt amite
values of the input signal. If input , 10 signal values do nat correlate,
e Cmpolbints of miatiR Lot bokertE (il hokaiaadnd:
100ENRAASES s Reeome D). vy thisipaial avariapae-equariance matrix of
output signals Y is defined by formula (7). Ey = A Ex At... (7) 15 Formula
Y7%isha {ogical. propagation expression of noise variance values of color
spaces linearly transformed therebetween. To transform camera RGB

values of the'lftft dutpdtSsifigidintd (HRR v feE LRNGsserBEa T e
ik gefinition of.goler epradycibility, whentog % X7 $83%61a (s) .

g, Op Tin
2
— [# 9 iJ. cee o,
o i1 z iz
Qix‘ : T : - (8]
2
O-n] anZ Crrz

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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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 matrix Mtotal with which original

Signals arg linearhotansf d into, L*a S4is. Qv formula (8).
5 Mrﬂ'%;tal JL*a*b*qlM?OQQgI\E/I%TjnWB'T\/I el%(g) er?%r% V%I\%&?%me alance

DnatineMAT : coltitranstornappatsixiiih éhenaratrbsgiven hy darsmila (8)
and the noise propagation theoretical expression given by 10 formula (7),

ngvaﬁéﬂwéﬂﬂesgéﬂﬁélrma%etpk&ng@ﬁf&mamé%wﬁaw@@élcarat@d by
fggpgl@ @gj[%ZL QL& %%* La%) aa& L*b . (9) Ora-b- ab*L.
It

= Mtot Braw Mtotal t noise am ts 6L* 6a*, and cyb*

otaallngd J15, from fermula {R)rtotggeise yqlu% TN values) defined by
formula (10) are calculated. In addition, the average value TNa of TN

wWelies UBMatches bf 24 bedlarssef thetiachetMaDlor chedker is refeseorta
as the noise evaluation index. 24 ... (10) 20 TN. (MAT) = 2f
matrix
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).

N
g L UL*Q* o *phr

a
% ok Bk 2
EL a*b* =10, O Opy| -.. (9)

2
ag £y Uthn T b

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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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
ForHhORNES ) ARMBAVRR %@Wb?%érm@@mﬁg@béﬁicﬁeﬁtsfbﬁn@igése .
mo%}s G Ga*aandd6 * Jfes Ctlvega WL*, Wa*, and Wb* a th
SRdExpefls Sind by SISty SR

experimen gfi and experlence va § ob
L Method obdegidingarameters during camera signal process:
Specifically, MAT coefficients are decided during a signal process. First,
wﬂh)qu;lor repgpductlorayevaluatlon index AEa and a noise 15 evaluation

Tidex/tNa) CE midrehensive Erfok Metric) values are defined by
formdla (12). CEM(MAT) *(wc . AE. (MAT))- + (Wn TNa (MAT))2 ... (12)

where we w |gh¥1&g:§lgelfgmgﬁ fc%}o; r I‘QdUCIbI ty WN ; Welghtlng
coefficient of noise 20 amount When' weighiting Coe flc%nts we and wn

welghting coefficients of noise amounts op*, G.%, and
Op*, respectively. W.*, W.*, and Wp* are experimental
and experience values obtained by wvisibility

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



10

15

20

25

corresponding to the evaluation coefficients are 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, ibilj luation.index AEa and t ise

evaluation in?gxq%%%fg%%cﬁgéfgsgﬁﬁein%ﬁzé?fg,ltﬂg :?Eu ts are

pidttetsso AT the 8oferitabaxis devotesidna anddhe wartigakayds

denotes TNa as [color reproducibility versus noise] (hereinafter this plot

Thaftid bRk MTe CRIEFIG iad the EReCiRDOThe GNeHat Hehdticsy

dofg %olor filter set to be evaluated. A lower left region of
gi

he .10 biljt
e Al AH, Gfbr BB e ARG B i7de T2

Lharacleds i adood AR HBRE! Hghtregionof Figy d5.is a regiondn.
which both color reproducibility and 15 noise characteristic are bad. Thus,
nhe tieré the plotais dbse tmthedowen leftrepionidie bigheAthe and the
Vperfo,rmance of the filter set is. When each filter set to be evaluated is

§i5tted Bhd Tohiha6G o E5n PR AinRFtd Il HetsrmAed sihéH ot fer
B815i8:2Q gz;(g%nenxﬁgggg@y%ggg lagus of the CN.chart is a curve of

which the lower left region is convexed. Thts, when thé color” o -+mes
nepeothwibility iagooHetheNQi$gart ). The CN chart 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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characteristic is bad. When the noise 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 imaging 30 device according to the present invention,
the primary color system three-color imaging device, and the
GoiglemeptRyEbid sisterhdommssenimabiviietdVicos. . Refierencd mary
numeral 6la denotes a plot qof [color 5 reproducibility versus noise
PR EHST B HRE S B 1 Bo MR OTE SR o FRimdFo1b
dangienenhiatyf [coisrepraducibilibg yersus ngise; ghgrmaelerialich atthe
primary color system three-color imaging device. Referenceé numeral 61c
Richates:aglotib:ab[Cokbl degredutibiitaversus nofse[eharaeteristic] of

the complementary color system four-color imaging device. Since the
NEREP BIGER o S theeE] EhaRC 4F6wF AR ERC 16 %4 8 é6ibnaf wiHiéh both

olor . 15 reproducibility and nhaise characteristic ate d..Thus, an
B AR R e o R SRS AR A1° I8 il

pafdhe &N chantdasrexsallenteharagieisties: Asisidgardrom Fig. 16,

since the plot 61a of the hybrid imaging device is at 20 the most lower left
cbasiioH; e fiyBrid imEginelaviceniEsupEIbe o BEspEmathesier system
I oS A R B e e e naey gewse
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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both color reproducibility and noise characteristic. Actually, RGBYC
imaging devices having the 25 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 31 compensating process,
RGB output signals are calculated with the SRGB gamma characteristics.
Asinaes smaty eacflicisnts, waiohyingepeflicients of fanexample e + v
=1 : 3 denoted by r62 of the CN chart (Fig. 5 16) are used. Coefficients of
widrs given ISR nudan@d 3¢hRir R ok { $404s0.836 012470 .65820:550\
G1B. J 0,094 -0.403 11.254 -0.351 0.406 ~ (13) Cirz Formula (13) reveals
&It Valties SR dmai Card E51Gr 88t afién FoTsecdcEy
vlrargelxqixrllcrzeafe; 339 gh%s,ta 8a@ermin(9fa g}/le-cgk?r R;IGB%(C 'g;na%ging
device can be eiccompﬁls%e%l. Ne&t, an image inp%ttmg gpp?a{:ratu that
uspsathe duig.imagiagdayiehand that-Lan captyss,an ihadeckaying a
wide dynamic range will be described. 15 By selecting signal levels of five
{dotdrs corresponding to the luminance levels of pixel values, animage
having a wide dynamic range can be scanned. Next, &gﬁxample of this

operation will be described. Although there may be vé 5 methods of
(R,..\ [ 1494 -0836 0242  0.658 -0.559\ |G,

G [-—0.255 0.688 -0383  0.706 0.244J- Bl ... (13)
B

out |

» 0.094 -0.403 1254 -0351 0406) | Y

wm

Cm
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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20 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 32 processes for
high luminance, middle luminance, and low luminance, respectively. WB
) Tas WS (M1p 75hagd WBmflatgceachdalble alwimtia:bakance processw
Reference numerals 77, 78, and 79 denagte multi%%inggdevices that 5
S

THIHPRAS RpuESIGRIE B gAY vaillds 47, ahtic, Liively. FigS1¥B
§pWweea UaBsitian 0f weightng gaineoeliicients CoUesRONdNGE - e nce
variation of a luminance level (horizontal axis). In the high luminance
megena 16 thag gamscoedffidents @enatelpnicip Oyindgheéemidtdte that
luminance region, the gain coefficients are (a= 0, b =1, ¢c = 0). In the low
MUfAdhER regioPl the it £6efitic?ildreV@lBS 0,-.c R1)3Rcthe -
rviging%ggwglboundary of each region, a gain 15 coefficient that
decreases and another gain coefficient that decreases intersect. Thus,

their variatiopg gre 19t oRstryctiver Aagain cogHiciont sentialing ;Seation

that controls gain coefficients in a luminance level (for example, a G
ceighidl) ofieadtssampleesbwhizhr2d for exampletRGB G signalgiiaveice

been A/D (analog - digital) converted is disposed (not shown in Fig. 17).

L e dieRCe R BferBHdE boculflerit® Pigh luminance région,

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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linear matrix coefficients in each luminance level are designated. 25 Low
luminance region: In the low luminance region, noise reduction is more
important factor than color reproducibility 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
2RI SoRfligeaisd cerpsearing o e RNt obEs Wi 4 Qe
position of a A mark 63 in Fig. 16) may be used. The coefficient values
marergivercby fi1el tollewing farowta 143 bt ReEndphds i 0562 .d0480.731 -
0.419 Gi" Gou, 0.155 0.531 -0.210 0.544 0.289 Bin ... (14) Bou, 0.082 -
H3E2QLEEY V-405 DS P eCiV it etheRielgitFornsisetn fofitula (14)

is. 10 larger ose in formulaé 3), the a% lute values of coefficients
cgfjtﬂﬁorgn?eg(?rgj}s(hr’ﬁalIgrotﬁa%}iﬁg (g[ or the fa t%eojr’“.cllheurgflst Is clear that

HRLERRAALRRYy Nalse daep Hehincirasg: Middlg luminancegegione 15
Linear matrix coefficients for an middle luminance pixel are decided at a
ppeintdiowhich celor nepradadbility aigynoise chamctensticsare begthe

coefficient values are given by the following formula.

/

>

Y
R, 1.147 -0562 0104 0.731 -0.419\ |G
G, |=1-0155 0531 -0210 0544 0289|B
Bour

0.082 ~0344 1.210 -0.405 0457) Y,

i

=

(14)

n

0

in

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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balanced using signal values of five colors of RGBYC. In other words,
coefficients at the most lower left 20 position on the curve of the CN chart
are decided. Matrix coefficients that satisfy for example we : wn= 1:3
shown in formula (13) may be decided. High luminance region: Since a Y
signal and a C signal are much 34 saturated, linear matrix coefficients for
s highe igdinahia pikel mptddeided et fipoimtdf svhichr celonigh
and_noise characteristic are best balanced using signal

reproducibilit ( :
TRIGSBP e EobrebPRAEE SRbEr foRRBbe M RELARMETHES
WLl Positipp. P Ingusarl e CN chaptsare decided. (aefficients
at the point that satisfies for example we : wn =1 : 3 (at the position of an
tamarked indigg 16) mey beydacided oEhe hoefficientsaare giverriop 10
formula (15). Rain 1.659 - 0.654 - 0.005 R,,, Gou, _ -0.080 1.396 - 0.316
18; othem) WBEd 9008457 1 eosB & ThElfosssstis bevermet s
follows. When a signal of a pixel is input, a signal value correspanding to
Pg ?ulr\ﬁ‘llﬁ%lrllcg e\%e?ful% ?ﬁgﬁ]lgteo 1§rlﬁrc§2qghc griergc ty%lé? 0 ﬁﬁée%re%]atrix
crecessas M (Hx 7dntMOMh 2 a0 IMAL): 63shewr #-Fige ddd 10
corresponding to the input signal value. The signal value is multiplied by
wec : wn = 1 : 3 (at the position of 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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predetermined gain coefficients (a, b, and c) shown in 20 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). Thereatfter, three
types of output signals are 25 added by adding devices 80 and 81 shown

in Fig.. .L7Z. As, .35 , ut.si valpe.of the pixel is. decided.
érhfeé%ggﬁda%%f?%e owgluﬁggr%e I‘g{%}%ngl f:hg% n%d%l%ﬁﬁé'nir}asnce level
daay dedor 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 whichibhePSTHRE ¥=3igREl ditPthko@ digndinssatiraresde Anand
mbodi [ een specifically described.

oRdEN: of 16 present ipvention has L0
owever e present mnvention I1s noﬁlfmﬁed (53Fne6 ﬁ% ﬁ'ﬂght Instead,

peAiusFpodificationsefdhe piesess inantionrmnayhs, ape,on the hasis
of the spirit of the present invention. For example, in the structure shown

maddg el 3 47l diffecent heateik catodilating progessesdneapedorese fomay
three luminance levels. Instead, different matrix calculating processes

bhalite FaT6nEd o @S nibdieREminaticenadelditd g C

Slygﬂgﬁn&es I%\éeghyég%gigion, three colors of YCG may be used 20 for the
low luminance level, whereas five colors of

An embodiment of the present invention 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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RGBYC may be used for the middle luminance level. In 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
25 sensitive layer like a color film. 36 CLAIMS 1. An imaging apparatus
Ccreamprising: 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
1 .color signats-by pedorming tnatti ealculation prosess for output signals
of the imaging sectign obtained by using both, the three primary color
system col6F separatid filt& and the' Complementaty SColSF sy&tém ¢ofor
s yseparation filters whenza lumingnce devel;of an image bbtained by the 1 or
syiénae%n% g(fctironsigoa J}‘i{ﬁt Jﬂ%rljginf{'a.lnlcgeregion.I,1 gnd to generate three primary
color signals by per‘?ormlng Matrix calculation process for the output
signals of the imhaginy section oblained by -using ontyithegiheee primary
galor system. color, separation fiter whep the luminance level of the image,
obtained by the imaging Section is a Second Iiminance region, which is
cahighérthamthe firstdamifanceaegiont 2sThe dmaging apparatus @asrset
s efg{@giﬂ cij%grglal,_whenein the_.threeDBrtimgrngl%locﬁystem,,co.l r.37

Imed Dy Lging red primary color

=

g

system color separaticn filter 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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separation filter includes a R (red) filter, a G (green) filter, and a B (blue)
filter, and the complementary color system color separation filter includes
aY (yellow) filter and a C (cyan) filter. 3. The imaging apparatus as set
forth in claim 1, wherein the signal processing section includes a first
matrix calculation section configured to generate the three primary color
signals by using a which first matrix coefficients of wgood noise
S CPRATALtETIetC %&E%ﬁhé%rhﬁ%%%e%%l of fife infalge iR lower thay aeen )
f i pregetermined bpundarywithin the-first Juminaneesegion:and a-segond
matrix calculation section configured tg generate th% three primary color
COdighald by iSing 3  SEcotit atrix-Ceffidients of Which ¢6lor réproducibility
(vand neisefcharactedstic arecweltbalanced in-the.second luminance

region 4. The imaging apparatus as set forth in claip'u 1, wherein.the
. %ﬁa fL Eilcglréjzg agﬁaratus as et forth l]t“i CF.la:Lm 1,
boundary of the first andsec l[imiance regionsis selected’ina

luminance {evel-efi whitte theligraging deviee isi saturated throughthedes
cparatis & SACIoN i Gt T AMIAT he signal prabedag sester i
toconfigured to \genetratedhe threegrimary cotor signals. by ugingsa firsta
s Malriggosffigients, qfhich good npisg charagigristc, yhen the luminance
evel of the image is lower than a 7
characteristic when the luminance level of the image is
iower 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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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
balanced in the second luminance region. 6. An image processing

5 . apparatus for progessings outpul signads akan imaging device having.ai ,
three primary color system color separation filter and a com Iementary

WAEGIG Systen colGr Separafiit filter” daidimags rocessity apparatus-©

gee@MPHSINgha Signak processingsection configired 40 generatethre& i rst
rlmarycolqrs nalsb performin matrl calculation process for output

" G tats BTG MGG “d6vicd Sbiame By uSing Both 1R Three prinary

wheolor wstemcnl@nsepamn@m filtér ahd thesegraplemeéntary: colossystem

c%o aratl%n fllter <\j/lvhen luminance %eve%of an ma%e obtained bé]the
Within L1 ce raglon,
|mag|ng Havice is'3 "fifst fumiharice region, and to' ‘generatethree primary

ancbl@o&gaalsziwt@ert@rmmgmﬂp:ciat(r@lhajtionqakocre%l forahe dutputsing

N %I% I§C?fr%heCLm§g|ng dg%/_gtcgﬁ l{[alne py H,Slnlg on ghg three primary
color system color Separation |Iter en luminance Tevel of the | image
repbtaiediby thetimnaging deviee isaseeonid lunsinance region) which is

Lahigher, t@en the. flrstJummance Jegion. 39 Abslract Color reproducibility

lothe ST
and noise characteristic are |mproved An |mag|ng 'device having
©. 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
irst luminance region, and Lo generate three primary
color signals by performing matrix calculation process
for the output signals ¢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.
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a hybrid RGBYC color filter using a primary color system RGB filter and a
complementary color system YC filter is composed. Four G filters that
directly relate to resolution and that is close to a luminance signal that
human eyes sense are arrayed in a checker shape so that the number of
the G filters is four times larger than the number of filters of each of the
other colors. An array shown insfig+1QA.is composed of low resolution
rows (G, R, G, and B) and high resolution rows (C, G, Y, and G) that are
alternately ar€aykdrinreactotine: \When signatsiareoread if exposure times
are varied for individual lines, the signals that are read can easily have a
WS AGhERSTahgedAd ABFSTGH infMgiTomiag oGS e kaving

enskivitysc d a ,high sensitivity calor in each, line and each row.
grh%%’#%#glgrﬁ%ﬁcg ol egrer]%"(-;11 fi'ses?mél? ﬁwnl%e%o?ﬁ%ﬁ%ﬁ%ir%&%ﬁ and the
yesicahditegtion: Thets, tied readisgpethed inthe asay, showa infigyc
10B is slightly complicated than that in the array shown in Fig. 10A.
Havteverisincemre spdcial FrempofatiDnl tkaractaristic @f tecatgy shown
in flgg 10B is advantageous, a smooth gradation can be easily

|

reld resolution and that is close to a luminance
rSpre Bnfd.

signal that human eyes sense are arrayed in a checker

shape so that the number of the G filters is four times
larger than the number of filters of each of the other
colors. An array shown in Fig. 10A is composed of low
resolution rows (G, R, G, and B) and high resolution
rows (C, G, Y, and G) that are alternately arrayed in
each line. When signals are read if exposure times are
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 direction. Thus, the
reading method in the array shown in Fig. 10B is
slightly complicated than that in the array shown in
Fig. 10A. However, since the special interpolation
characteristic of the array shown in Fig. 10B is
advantageous, a smooth gradation can be easily

represented.
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