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(54) Title: MULTI-MAGNIFICATION COLOR IMAGE SENSOR

(57) Abstract: A color image
sensor (10) has imaging elements
each structured to form, at an
image plane (35), an image of a
subject (25) having a respective
121 magnification. Ones of the
imaging elements (101) forming
respective ones of the images
with the same magnification in
light of mutnally different colors
constitate a set (110) characterized
by the magnification of the
images. The sets (110} having
l-12a mutually-different magnifications.
The color image sensor (10)
additionally has a light sensor

150
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123
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sl (120) located in the image plane
(35) and comprising a region
126 (121) of sensor elements disposed

opposite each of the imaging
elements (101). The regions
(121) of sensor clements opposite
152 each of the sets {110) of imaging
elements are operable to generate,
in response to light (30) incident
thereon, a respective color image
signal represeniing the image of
the respective magnification.
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120 each structured to fora, at an 101 110 i nage plane (35), an inmage of a
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Miniature cameras having electronic image sensors are incorporated not only in
digital cameras but also, more recently, into such consumer electronic products as mobile
20 telephones and personal digital assistants (PDAs). Such products are subject to market
pressure to make them ever smaller, or to pack more features into a product of a given
size. United States patent application serial no. 10/741,774 of Schroeder et al. entitled
Color Image Sensor with Imaging Elements on Respective Regions of Sensor Elements
and United States patent application serial no. 10/740,935 of Gruhlke et al. entitled Color
25  Image Sensor having Imaging Element Array Forming Images on Respective Regions of
Sensor Elements describe a small color image sensor suitable for use in a single
magnification digital camera. These applications are assigned to the assignee of this
application and are incorporated herein by reference. These applications disclose a
single-magnification color image sensor that has multiple sensor and lens combinations,

30  each of which forms an image of the subject



and United States patent application serial no. 10/ 740,935 of G uhl ke et
al. entitled Color 25 Inmage Sensor having | magi ng El enent Array Form ng
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i mge sensor suitable for use in a single magnification digital canera.
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first aspegp ac&g}ﬁrcbi[rﬁggeggbr@or havi ng i maging elenents each structured
to form at an imge plane, an’inage of a subject having a 15 respective

magni fication. Ones of the imging elenents form ng respective ones of the
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of the subject at t spec magni
magnifications. The color image sensor additlonally has a light sensor located in the

image plane. The light sensor has a region of sensor elements disposed opposite each of

20  the imaging elements. The regions of sensor elements opposite each of the sets of
imaging elements are operable to generate in, response to light incident thereon, a
respective color image signal representing the image of the subject at the respective
magnification.

The invention provides in a second aspect a color imaging method including

25  forming images of a subject including forming the images in sets. The images in each of
the sets are formed in light of mutually different colors and have the same magnification.
The images differ in magnification among the sets. The method additionally includes
generating a respective color image signal in response to each of the sets of the images,
the color image signal representing the subject at the respective magnification.
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The invention provides in a second aspect a color imaging nmethod including
25 formng images of a subject including formng the inmages in sets. The

i mges in each of the sets are formed in light of nutually different
colors and have the sane magnification. The inmages differ in magnification
anong the swb swe/fsesnet hod additionally includes genenatriusgoodolsaspect i ve
color inmage signal in response to each of the sets of the imges, the

col or image signal representing the subject at the respective

magni fication. 30 WO 2006/ 026096 PCT/ US2005/ 028405 The invention provides
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signal in response. t.q lglp.%g E"osfi t}r}g Sets tof hg i .the col 0{? i mage
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and ot her f eatimagssignabirepreseatirtgalipessbjedt attherespevtbm triagnificatibd. becone furt her
apparent from the hal Ll 1 o ld &6l 8ihlahls' e Rliedid whl REGHL fatnp of ef red
enbodi nents, 10 read I n conjunction wt e acconpanying draw ngs. The
det ai | ed descrapprersdropyibe aHewingdptailag deseription of thy presentlypréferesd embedimentnavent i on,
rat her thagg ! idihR_6ehi ¥ ind A% ' i : | y the
appended cl ai ns and éﬂngﬁngﬁgﬁ?%&h%@gg?é &%‘QR?%F%DEEQ%PE%%%MI{IB%%@HE DRAW NGS
15 FIG 1A is Uaiasaweinsrely flugiptinepidhe igvention. rathonthan Emising the seopoeidhe i mage
Sensor in  acciavaanckindetinet B the AyRAd QRimIInEequilehs tiaresg hemat i ¢ di agram

i ndi cating the angl es subtended by the inages forned by a

mul ti-magnification color imge sensor in accordance with the invention;
FIG 2 is an | BRIBFDHSCRWBOMNOF THE DRAMINGSENsor of a nul ti-magnification

color 20 ipage se r.i.n_accordance wi.th a fir enbodi nent of the
Covention: e 3 PRodA FaBREHE RERmi s lmeeignin seRt BRREOt Mo | magi ng
el ement s of a aoirdance withijeingentiemr i n accordance with the first enbodi nent

of the invention; %k&‘iBA}siéhé}nﬁL gﬁgr‘ﬂt%’(&iéﬁfiﬂélﬂgarlgicgmbteﬁc?e'a%grthe"%rqggcg he i maging

el ements of a color i ma?_e o
formed by a rulti-magnification color image sensor in accordance with the invention;

FIG. 2 is an isometric view of the light sensor of a multi-magnification color
20  image sensor in accordance with a first embodiment of the invention;
FIG. 3 is an isometric view of the light sensor and the imaging elements of a color
image sensor in accordance with the first embodiment of the invention;
FIG. 4 is a side view of the light sensor and the imaging elements of a color image
sensor in accordance with the first embodiment of the invention;
25 FIG. 5 is a block diagram of a multi-magnification color image sensor in
accordance with a second embodiment of the invention;
FIG. 6 is a schematic diagram of the display in operation showing a picture with

three different magnifications;



sensor in accordance with the first enbodi ment of the invention; 25 FIG 5
is a block diagramof a multi-magnification color inmage sensor in
accordance with a second enbodi ment of the invention; FIG 6 is a schematic
di agram of the display in operation showing a picture with three different
magni f i cat voE06ABIBO06/ 026096 PCT/ US2005/ 028405 127- We9/usedobers«sn area to
equal i ze the spectral sensitivity of the regions 127-129. In another
alternative, the sensor elenents in groups 150, 151 and 152 differ in area
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sem conduct or qfﬁ@cse@sﬁhgim@i;gtelemnssmociatedveﬁmhacgmwk errents may be Iocat ed
In substrate 119, ?'rgﬁ] Whiok 1?@ %&%@'aﬁﬁﬁoﬂ%hﬂlﬂm 9 %Ji:%h%éﬁ%&lex Mefisf OF the

pur pose of the 10 OWI ng tion n-one i ment por Ions of the
substrate out sﬁ“ﬂéﬁfr“eijP@hgle@%Blﬂ@ arp faforicagad lllreelos&elﬂéd29 edspeetivtly ugigd - 139 ar e

| ocated are 0CGHRInAGhaP¥midohdidiol Srosddsitl. %moﬁ@‘&?lﬁ%&%oﬁ@éﬁ{eﬁﬁ 'mas? bt fodils and
signal processing circuits that process the image si onponent s and/ or

the col or i magB S&siral % Rtmibee rFW%‘é’"ig el gheugTiate ?fd’t‘ﬁi&‘l&%@ efthegach of

the regi ons0 12fbHdvwiflg @dscriptight In S8 Enibodimet, ﬁ@ﬁo@ﬂfﬁ&@ﬂa@&ﬂuﬁ%@@l circuit
15 (not shown) ctrical val ues

ad-out, circujt ives the el
generated by tH& “&‘5&%&3 SSBPOS Hlstents & ‘?‘?Cﬁtes g ﬁ‘EFHE‘E‘ﬁ?yo‘“W"F‘&ﬁ‘P"ITaISom t he
subj ect and conpeutesobtind cieducindisigad! pmaéssiegclrmiﬁtaat@fbcamﬂulemgagersngﬁlalgl tal imge
si gnal conpone i raster tern t| vel | i ght
sensor 120 ma é%h?v%e%g ag‘?(#\” ewE’r edd: g%ﬁ%“aigef%’&{“’“&%‘&% ¢ '5“ ﬁ%nprogé]tso
121- 129 of sensor @h@lﬁémesegk&ilz_lag’.ﬁ‘ of hight sepsmt-12ubas en assasiated ra!deautgqoulcal ly
fabricat edion Glsnodl. BARSLIALE OBl FRYIUALP LIS ol R0 RR cEbeent .

After the sensor associ at ed read-out cCl
fabricated on eé%tsrlél é3911§9€SPQ§‘& f@rllglﬁtlfltotnéhgsumg_tamgmbﬁfrts t@lelep@mdwalu@ol ors are

applied to thenid@hQhalcybr fi%ﬁﬁ lrrléjgg %ﬁal E&]ﬁpoﬁéms&ﬁl@a‘ilﬁn]r;s?cr-séaﬂ o?d@r al ternative

enbodi ment, each of, the regions of |ight sensor
120 is fabri catlismatiely fiek ﬁ%ﬂsv '&&anay &%%m&l?@a(iﬁwlrs%mmmE&bﬁresluﬁ%t rate

my 121-129 of sensor elements 131-139. The read-out circuits are typically fabricated on the
20  substrate 119 and may underlie the sensor elements. After the sensor elements and
associated read-out circuits have been fabricated on substrate 119, color filters 141-149 of
different colors are applied to the major surface 140 of the substrate 119.
In an alternative embodiment, each of the groups 150, 151 and 152 of regions of
light sensor 120 is fabricated on an individual substrate (not shown). Each substrate may
25 additionally have fabricated thereon one or more circuits associated with the sensor
elements, as described above. The individual substrates are then mounted on a board,

such as a printed circuit board, that defines positional refationships among the substrates.



25 additionally have fabricated thereon one or nore circuits associ ated
with the sensor elenments, as described above. The individual substrates are
t hen mounted on a board, such as a printed circuit board, that defines
positional relationships anong the substrates. W 2006/ 026096
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used. 15 FIG Bheir Soradis instedtif bi theinsidevasahowria FIG.QhThs @G thelskdes anfle t he
i magi ng el enents. 10 10.in _accordance with the

e sensor
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regi ons 121- 126r lefgtit diehd regjtrts 131080 BafROsimliar totibse illdstrated mlteadouen FIG 3 to

sinplify the dfn@]‘Moﬂ% I&F@%SB&HE& %Fz:ﬁca?r)n ée ntoelg)lﬁ"f;lrl"zm1 %%%?t?vrf | ndi cat ed

wi th dashed |ines VIew 0 ®"and the
i magi ng 20 el epdditiosallyd@ uesd. a col or i mage sensor 10 in accordance with the

first emboginent ofpgheisad Qé{r{%é?&d V8w of i ngééﬁso}fmvxn%gﬂ%g%leﬁgﬁtggi magi ng

el ements 103, 106 and 109 and respectiVve regions of the
sensor el ement Y096 applgtimagessiasor 10ip GCCO'IQP@H with éhe first embadireens efpesioventiorot  shown)

is focused by THERGhBLeIGhRENTI39H%e r%g%s@@mzb%%th@%ﬁsex{sawzﬁ%n&ﬁ 126 and
129 as |ight SS[gS Regi.ons. 123, 126 an di sposed opposite the 25

i magi ng el emren In Higis3 tgwimpidothe grRwing; EH‘ﬁbOP'i‘qaf‘@r‘%“’fA‘?.g“’“im 128968 149 are
shown | ocat edingiatéeitiseukeatins. OfG. 4egd sideSviellot thellight samdr d%nd he KRRRI Vel Y,

bet ween | n&@' ngements 100 of a color image sensor 10 in accordance with the first embodiment of the

invention. The side view of FIG. 4 shows imaging elements 103, 106 and 109 and
respective regions 123, 126 and 129 of the sensor elements of light sensor 120. Light 20
from the subject (not shown) is focused by imaging elements 103, 106 and 109 onto
regions 123, 126 and 129 as light 30. Regions 123, 126 and 129 are disposed opposite the

25  imaging elements 103, 106 and 109. The light filters 143, 146, and 149 are shown
located on the surfaces of regions 123, 126 and 129, respectively, betweeﬁ imaging
elements 103, 106 and 109 and regions 123, 126 and 129, respectively.



el ements 103, 106 and 109 and regions 123, 126 and 129, respectively. WO
20061026096 PCTI US2005/ 028405 The imagi ng el enents 101-109 each have a
refractive surface and a diffractive surface. For exanple, imging el enent
103 has a spherical refractive front surface 154 and a diffractive back
surface 153Y0Twe/0tep®nt surface of the lens is the surfamaamcosioesats 5 |ight
20 is incident. The diffractive surface corrects for optical aberrations,
such as spherical aberration, introduced by the refractive front surface.
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el errIen_t S I101- flﬂ.Qfa&a@br ixa:uﬂe Amagiesiénteat Imaﬁﬁa@h&m refﬁ'dcﬁfﬂfrﬂfﬁﬂduf‘i_ﬁ&efsamd ago
aspherical refractive ba uratio roi ng

el enents 101-1 fé'acﬁ'(’f% Bf'gfac%gﬁ%ogg F e o 1 ‘B%S"th?%‘f‘g’g‘g%n t he

maj or surfake ﬁgh()zﬁ)lfs 1rtcl’dentl leffameurfateﬁbrre&efomgmal divevgntings, @kleaent s 101- 109
and respective n an alternative

't angenent e BEdiod inipluchd o7 8P Bl B8R Tckier, MR Pt 1 ween
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by i maging elenents 101- res tiv n anot rrangenent, col or
filters 141- 14@0%Flﬁfapwéta@aspb%rtc%é@frﬁcvwévackssmffcecQtlampnﬁmgio opimagingt s

101- 109, regpeqémend 191-163 8 possibleangenment s are possible. Regardl ess of the
actual arrangenent el epent, the region and the col or

he | magin
filter, |ight that Cﬁ&’ééﬁ%“ fﬂr‘gﬂﬁ‘%i‘i’%ﬂ]%@e BrisheRce (98 of the lishe seapas el and i s
i nlci dePt | on 20bdt\&gh Qig‘:agilr%&ielﬁfentlb ﬂ(gh$09&ﬁd1ﬁ§1{ectﬁ:29egﬁﬂ§1llill-m%ﬂe)isopa&ﬁﬁﬁs t hrough
color filter nd .simlar or..t inin in nment s
regi ons and con P ?W?‘%?%"a“ﬁ%x?ﬁoéﬁlfﬂtﬁmgﬁgﬁ@a ‘"ie%i“dg% H&\?E“gbea’r‘ﬁ?“to one
rel ationshi p winaping elgmens101209 adiizSspediivé tegibhs 126413D6f stakor eldhi@tsi IFBGother
el ements 1 d ectiv n t onmon
i mage pl ang}BS‘-9 %EF{&% fr%g%ﬁ'. o oo?ﬁ{{gg gﬁelnlgggref%‘)gedqy 'ma%"égtfle e“@ﬁQFZS common
i mage pl ane. |19t hspsctiyolyf iwpmnamngemattscow filtdrs & - i4fragilorgted batwenttie 101- 103,

104- 106 and - i I o .l hree
regi ons 121- 1%%3" éltg’gqﬂg ggﬁﬂaﬁ%ﬁl?gg’q%&g‘éﬂggﬁﬁw% entnitatke 8{5‘3‘%/ 026096

PCT/ US2005/ 02 Mdiess of the actual arrangement of the imaging element, the reglon and the color

filter, light that passes through imaging element 103, for example, and is incident on

20  region 123 of light sensor 120 additionally passes through color filter 143, and similarly
for the remaining imaging elements, regions and color filters.

The imaging elements 101-109 have a one-to-one relationship with regions 121-

129 of light sensor 120. The imaging elements 101-109 are arranged to form respective
images in the common image plane 35 (FIG. 1A), and light sensor 120 is located at the

25  common image plane. In this configuration, sets of three imaging elements 101-103, 104-
106 and 107-109 are disposed opposite respective groups of three regions 121-123, 124-
126 and 127-129 of sensor elements.



Referring again to FIGS. | A and 2, the imaging el ements 101-103
constituting set 110 of inmaging elenents formrespective i nages at the

i mge plane of the subject at a first magnification in light of nutually
different colors. The imaging elements 101-103 5 constituting the set 110
of i magi ng V&P 2REPS8I6ecach have a first focal |ength and POTAISRESH28ENed
opposite the regions 121-123, respectively, of light sensor 120 that
constitute a first group 150 of regions. Inaging elenments 101-103 are

spaced from|light sepsor 120 di ce approxi mately equal .to the
first focal |engt hieggﬁ'@gfa??gfo 1‘?%%3#‘ ﬁnghég%‘ E‘Bg fgrments mﬁTl?S%Fg’ﬁ‘éfb‘mgsttcati on
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“mage si gnal  comones tpnsje iOlglins BL.12% AREKAR, Sehily GARETH Balobeiils 1O
first nagnifi clisyesenpiso phyegiensp stelsmenta 191 L9@ aregpaced froh lighftsenser 180 i nci dent
thereon. The iyyBdiifighcShrpraithatdbPequbifio fe FHE fobdl Rbleth O ThOGMSodal B &dfinds S€cond
color fromthe suart?gjg%ct.to forman i mge of thé subject at the first

magni i cati on T M3BIECMOAt of the second color. The |ight 30 passes

t hrough col@r filt ahe idbging@leinkAtU0i B3R tirddo fRMIREAt FaQinde BAIS: floddthe | N t he
region 122 of tpe Ii&ht sensor. 120,. Regjop 122 | bl e ttﬁtgg nerate a
second 20 col oP2EH GEsHf t he

1S _oper
& B o oA RSB it Yo et i figatioh i fht p
subj ect at t hecofdrr The lighedfatsecthtongincolan fitt@dpDiesBuriifats e sdnbd}Blemeits the second

col or incident. i i in nt 3 is,structured.to focus
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passes thrWghn?égb%e{?iﬂllet@htMﬁ%&c&lgil{meﬁ %&n_he sensor elenments 133 25 in
[ t sén 120.

the region 123 of |1 ght sensor . Region I's operable to generate a
third col or i mage T8¢ wreging elewprAhis strushredite feesdightt of ageeonchendps fiof thehe subj ect
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20  color image signal component that represents the image of the subject at the first
magnification in response to the light of the second color incident thereon.

The imaging element 103 is structured to focus light of a third color from the
subject to form an image of the subject at the first magnification in the light of the third
color. The light 30 passes through color filter 143 to illuminate the sensor elements 133

25 inthe region 123 of light sensor 120. Region 123 is operable to generate a third color
image signal component that represents an image of the subject at the first magnification

in response to the light of the third color incident thereon.



are electronically conmbined to forma color image signal that represents
the inmage of the 5 subject at the first nmagnification. Wite is regarded
as a color. The imging el enents 104-106 constituting set 111 of imaging
el ements form respective inmages at the inmage plane of the subject at a
second magnwo pwed6e% in |ight of nutually different cdG@VEs2005l0284852Ccond
magni fication is different fromthe first magnification. The inmaging

el enents 104-106 constituting set 1 1 1 of imaging elenents 10 each have a
second focal Iengt and are osi.tione posite th ons_124-126,
respectively, of &F\ IrSEGRIRL C%ﬁﬁl?rﬁﬁgﬂ‘ggﬁglﬂafwg“@y%% Bredg 151 of
regi ons. The &e@ﬂmdd ﬂlﬁdadlodnaﬁgtsignal&oﬂpcfnfeﬂﬁ Qd?t&raﬁ‘eﬂeynhbbaof"iegnsﬁs 2ogad | ength.
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sensor st ance
approx: mat ol y Eytariepsa B Bined R s lo? Mgk Pl St atEs sk ol ongt
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is operable to generate a first color inmage sig rrglmnent t hat

represents thempgrififations Theimnaging plsmenty 04466 ’E‘H’é“tgfétgdﬁdl aging slemets i n
response t ot heach hgok s@:ﬁnctf@@:l f&ﬁtﬁhn@e@é ]SHSItlblﬁbﬁloQﬁJ@ﬁe theRpRANI24-136€ | magi ng

el emrent 105 is strucf}ﬁj1 to fo %)gf of a second c%dor fromthe

subj ect to for BEERYe %fglgbtfse'fsﬂre Uty a gaqond group I 3T GregiPNsi A% on in the
| i ght of the &emrfﬁbameﬁ@nsdiffe&nﬂ ﬁ@h&eﬁ&tﬁ&ﬁ&@@thtMaglmglaleﬁﬁht@nozlf-i%ta&r 145 to
illum nate the sen

3 the r.e ht sensor
190 ot on 158 T it IR 10 A iclaRcl Pl Sl Back B fe gl oral
conmponent t hat lengpr'ﬁsesm:oad ol lqnglhgﬁeﬁrmﬁasdqmdsmgplﬁmtmn at the second
magni ficatihon in r i nt
Thareon. w2006/ 0358 SRRBERrRATAL [ 3Bienfis b REDBACAR R AbLRERHED]
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20 the second magnification in response to the light of the first color incident thereon.

The imaging element 105 is structured to focus light of a second color from the
subject to form an image of the subject at the second magnification in the light of the
second color. The light 30 passes through color filter 145 to illuminate the sensor
elements 135 in the region 125 of the light sensor 120. Region 125 is operable to

25  generate a second color image signal component that represents the image of the subject

at the second magnification in response to the light of the second color incident thereon.



and 127, respectively. Light filters 142, 145 and 148 transmt |light of a
second color to regions 122, 125 and 128, respectively. Light filters 143,
146 and 149 transmt light of a third color to regions 123, 126 and 129
respectively. Thus, in each of the groups 150, 151 10 and 152 of regions,
each of thévoaye/ies8% s covered by a color filter that trcamsrdeddrgght of a
color nutually different fromthose transmtted by the color filters
covering the other two regions. The exanple of |ight sensor 120 shown in
FIG 2 is highl lifjed in that each of its regions 121-129 has only
24 sensor el en?ﬁ?% elefneqty Bach sensorelemsntanaypltgrpgively benegreecoepledidsvisas hundr eds

of thousands omcn)lsknsmnﬁht&ms@daﬁ@@gé&fs&?s&rele%%nttnat%@ﬁé?m&fanregl ons 121-
129. In Ilght enso are equal in |'inear dinensions

|ons 1
and area. ﬁc"éﬁa Sé‘?“ﬁg‘f’lr Wﬁé'tﬁ“é@ﬁ L regions 121 and 123 have fewer
sensor el enﬁnts ancF.aanegnomlml-llzebfsensolrelélﬁaitsndémiwﬁmreapvdnw&@rﬁiﬁ@n sensor
region 122, re av. fe n nent s re
smal ler in |.n§§ﬁq |%éﬁrﬁ%%g%§ﬁéygpg4gP §Wm§.%§g g?éﬁsﬁﬁ wT@§]g£32?egions
127 and 129 haand 1Réwespectively olvigh figere h425 14Hrraid d48ctrapsrait light of axsebdnd @alor to
di mensi ons and, %E@I P8 e AUesrhd L odi ment,
regions 122, 1 5 ang 12§ recelsi;’E ng t&@ﬁg§§p4igg? el%iﬁ?ﬂ&hﬂ%h e visible
spect rum t han ®Hécolprdpsngionnip3y §ianth k20 respecsivrby. HEws, 48 eash pthé groupstlb® 16k gi ons

121 and 123 hay@ 152 BEEgGRNGEK of 3R BEie B YoFertd WMk croﬁ,ghﬁéﬁhama%.sm&@%h%ﬁ 134 and
136 have fewer sensor el epents than regi ons 35 and regions 1 139

have fewer sen®¥ “?—H"@H%éﬂ’f@ref‘tﬁ%?ﬁ’ thesg |“6'Pf§"@§9y thAg@P‘hﬁ'tefSrC@@rtﬂﬁéhePﬂ’zf twp25 and
128 receive |iggions:l 0Ser to the center of the visible spectrun1than t he

remai ni ng regions. n anot h Iter |ve nis in regions
121-123 differ in ?QQHP& ghﬂ@ﬁ??ﬁ %wgbgegﬁéf B@ﬁ@ fiedinghat ¢80 1 egi ons
121-123; the seffisoegiank é2itelP9had only3Td seesq edonsent 2 A-thRdal ddafnbﬁl’of hght eernecﬁ 12®
equalize t S [ 126 ensor

el enents i Egr elga?%‘{s%ggtg%%@g@dég%}f’éﬁ@ﬁ%gf é%%éw ppagh o EFEF 2Lchematic
di agram of theldi splay in operation showing a picture with one selected

magni fication; Fl Gy, ﬁ%ﬂt §en§or§§dﬁ'?ergrﬁ)§1§ PZIWZ@We%&QaWn B oS Bb R hnd e LRFT AL T ON

showing a picture w
an alternative embodiment, regions 121 and 123 have fewer sensor elements and are

smaller in linear dimensions and area than sensor region 122, regions 124 and 126 have

20  fewer sensor elements and are smaller in linear dimensions and area than sensor region
125 and regions 127 and 129 have fewer sensor elements and are smaller in linear
dimensions and area than sensor region 128. In such alternative embodiment, regions
122, 125 and 128 receive light closer to the center of the visible spectrum than the
remaining regions. In another alternative, the regions 121 and 123 have fewer sensor

25  elements than regions 122, regions 134 and 136 have fewer sensor elements than regions
135 and regions 137 and 139 have fewer sensor elements than regions 138, Again,
regions 122, 125 and 128 receive light closer to the center of the visible spectrum than the
remaining regions. In another alternative, the sensor elements in regions 121-123 differ
in area to equalize the spectral sensitivity of the regions 121-123; the sensor elements in

30 regions 124-126 differ in area to equalize the spectral sensitivity of the regions 124-126

and the sensor elements in regions



5 one selected magnification; and FIG 9 is a flow chart of a nmethod for
col or imagi ng and displaying pictures. DETAILED DESCRIPTION FIG 1A is a
schemati c di agram of an enbodi nent of a multi-magnification color 10 inage
sensor 10 in accordance with the invention. Color image sensor 10 is
conposed ofWO RMagdony el enents 101- 109 and a |ight sensacthi®odseesaéed in the
common i mage plane 35 of the inmaging el enents. The imging el enents

101- 109 each image light 20 froma subject 15 on |light sensor 120 as |ight
30. The |ight sensq__\&g%]?zo g{ﬁlnerat es color image signals 40 in response to
the incident Iight ‘38 7 Easemtticdigramplfie display innprationshavingapipyre gt
structured to émerseeacdmapFicitione | nage of the subject 15 at the image pl ane
35. An exenplary i e i s,indicated the reference nunmeral 25. The inmage
has a magnificati g&@‘fﬁ%&%‘“‘&%‘“t‘*ﬁé’mﬁgéﬁeH&P'él’ B RBFTRLOnYSAONYING BPIFIeites wi t h

t he sane nagnerkiscledtédomegnificitiogjindof nutual ly different colors constitute a

set of imaging ele t cterize a magni.ficatign.. The sets of

i magi ng el enent s h&ﬁ@e' gr%nﬁﬂg{’ fft(?f?fngtgcéﬂﬁ%érmiﬂ "ﬂ%'}ﬁaf‘?gﬁ@f‘yd?%p}mfﬁ% |'i ght
sensor 120 is located in the image plane 35 and has a region of |ight
sensor el enent spPABROSRLGAPABN € each of the inmging el enents 101-109.
Each region of [light sensor elenents generates an inmage signal conponent
that represents anfGrddds pfchematis d!?ﬁf@[f@gﬂﬂ ¢mbogimencaflagrultomagnififationsmetbr at  one

magni fi cat i@n. imbiesch@ i ORScddkdahdehith 1RABRMon ToRk BB IRsRRPRTbhPosERGH Set of
i magi ng el enments collecti velléag‘}ener ate a color image signal that

represents the™Magagelements {Hd- dadightsenspr 20 lesatsd iy the commieg imaee plens 3h. WO
2006/ 026096 PGHIthdSRAEIRE ASHD Thé\nagmg eletnéhtd 10191091 bk krfaze light 26 F6m a _
'ha angl o subtSHEaq 8y eneTrdatederth, the be B S armriot bvdRco. ..
300 nm from i signgls 4 increspofES tathelintident Hgly B Bachbheliadgiay eeentsibiegts at i mage
Pimgos 25u> 25k b PyaBAE el RS Akl AR o e? BRI Aag ng ol emrent
set 110, nor medxeiplagyiimageds iodieated bydhe referedceamuienelSe fhoinmge lagi ng el enent set
112, respectiy, ; a i = I f i mage pl ane
xﬁig%lhﬁcgﬁon. Thds8 Bxdlﬁée ﬂ‘gﬁ@% Bl%%ﬁ#etgﬁggﬂtlﬁ\%&g &gh the sQdM

35. FIG 1B al so shows the an [ | ect
magnification in light of mutually different colors constitute a set of imaging elements

characterized by a magnification, The sets of imaging elements have mutually-different
20  magnifications.

The light sensor 120 is located in the image plane 35 and has a region of light
sensor elements disposed opposite each of the imaging elements 101-109. Each region of
light sensor elements generates an image signal component that represents an image of
the subject in one color of light and at one magnification. The regions of light sensor

25  elements opposite each set of imaging elements collectively generate a color image signal

that represents the image of the subject at the respective magnification.



15 at imge plane 35. The magnifications of the imges produced by set 110
of wide 10 angle imaging elenents, set 111 of normal imaging el enents and
set 112 of telephoto imaging elenents are 4 w0, $n/0 and 4t 10,
respectively. FIG 2 is an isonetric view of the |ight sensor 120 of a

mul ti - magniwWo dWeNxsppecol or i mage sensor 10 i n accor danRETUS2eD528H St

enbodi nent of the invention. Light sensor 120 has group 150 conposed of
regions 121-123 of sensor elenents, group 151 15 conposed of regions
124-126 of sensor el enments. .d 152 conposed of regions _127-129 of
sensor el enents ar A %ﬁﬁﬂF? F@?mﬁﬂfﬁﬁ%%°éﬁ6““?ﬁf?Fﬁﬁ*‘%@ﬁ%ﬁ*ﬁﬂzo t he
regi ons 121- 1219nmﬁnmemmrofmb@:wsteafeebﬁmé angest alstindardigtvaingid ditanag, r ay and

Chemonts. Br okgh 10t Mool SRR il P Wl polesler: "

el ement 13151 M35 fG.AB shavs thaﬁhg&x@ﬂfpcbrfuhy¢Qﬁbts:&ﬁa$@rthehﬁﬂ§wﬁ5w13ﬂl dnﬂlzjtf-‘gl on
122, an exenpl ar Y Séj)? %lb (2 in r iﬁ@ exerrpl sensor
el enent 134 in Hegion 124" A xaé' I"El‘?g;/'l Btrset rﬁ?ﬂ?al Rgne e medisth 125,
an _exenpl ary sblrlsmd te&b@mmagmselemmtlsagibmsﬂezmelyaatasmedqndnmdyvmmgsor el ement
137 in region lét%le %m%g%g;@ws Sﬁ&%@alsﬁﬁ%@%g ﬁ@@es ten %ﬁ%gnd an

exenpl ary sensor f e In region I ona such
as the broken 151%6“33%1&{10(% Jé@@a%ﬁqah@mb@hmatmsmsodb@td\heeﬁ lé@lj)fanéﬁt ones of

the sensor gl %Etlﬁa%ﬂkmtsoget fher E(ﬁﬂhlq}ﬁ%ﬂggemeillggnd AeElltZQ?teﬁgﬁc%' ptions of
t his enbodi nent "and nbodi nents descri bel ow, ref erence nuner al
of the exenpl aif\peiagplementeare i/l ¢nfGand 4t8; rospagiiely- wi | | addi ti onal |y be used

to refer to all th@r@%mm&h&mthﬁhﬁghff‘seﬁs%mz%faliaﬁm%g %lﬁfmnt Is a
conpl enentary et al - oxi de- senm conduct or ( CMOS /02

PCT/ US2005/ 028%08° s°Pser 1 hi8 agsesitptea™ dyidiafs eqpodiment ofthe inygntien. dgt eenparmgi ng

el gment s 101, dﬂi’.g%a@é}fdlpllga c&xﬁwsecfdrrr@dnmemmgeﬁsoi a?nmo?@m}b fi ?at ion in
red, green,an ue Lvely se of imaging
el enent s; hgr 01: (S Pﬁ?ﬂ@f‘%@‘m@ﬁ 13%3%%}3?@2’ ?ﬁ%{?p"s@ ‘%b‘?gfﬂ“f’ mages with
the same nagni f2761a9 bfxensonelerndhts agaegen ommin.’qbnserfdcb G40, In GigtR p@Gdri nzeglthe
constitute a S%%lgr:lls]l%l ?5% oflﬂggl% &emen%ne{]a%rgqg%‘&] Ffli atrgctangﬁgjr_ﬁ%]ai/ ﬁ%&%&f ement s

107, 108 and 0PI T MRgES W sane red,
green and bl ueregipaphi2}-129 is composed of a rectangular array of sensor elements. Broken lines

indicate the boundary of an exemplary sensor element 131 in region 121, an exemplary

20  sensor element 132 in region 122, an exemplary sensor element 133 in region 123, an
exemplary sensor element 134 in region 124, an exemplary sensor element 135 in region
125, an exemplary sensor element 136 in region 126, an exemplary sensor element 137 in
region 127, an exemplary sensor element 138 in region 128, and an exemplary sensor
element 139 in region 129. Additional broken lines, such as the broken line 153 indicate

25  the boundaries between adjacent ones of the sensor elements in each of the regions 121-
129. In the descriptions of this embodiment and the embodiments described below, the
reference numeral of the exemplary sensor element in each region will additionally be
used to refer to all the sensor elements in the region. Each sensor element is a
complementary metal-oxide-semiconductor (CMOS)

30



respectively, constitute a set 112 of imaging elenents. In |ight sensor

120, regions 121, 122 and 123 of |ight sensor elenents are disposed 10
opposite w de-angle imging el ements 101, 102 and 103, respectively, and
constitute a group 150 of regions. Regions 124, 125 and 126 of |ight
sensor el evéde®e/da6896di sposed opposite normal i nmagi ng alcansadsoisdds, 105 and
106, respectively, and constitute a group 151 of regions. Regions 127, 128
and 129 of light sensor elenents are disposed opposite telephoto inaging
el ements 107, 108 angd 109 spec and .consfitute a group 152 of 15
regi ons. The regi oﬁ%ﬁ!‘i f?g ‘%h'a%!égmo‘f“df’ e '"?ﬁﬁgﬁltemé'?t%}@nltog pdi%r oup 150
opposite the mmforﬁmmagésmmmsanghmﬂm@nngrew @eeahdbieolight edspeciilely, gener at e
a col or imge e n ct. The
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sensor el enent gl 59&&)1 %1@9@%%{5& Lmelgﬁnroto]l&);g(ﬁg el 0 E8b7 403 L{R9! N9

el enents col |l ective gener at representing a nor mal
i mage of the %Q?B?aé&nnlmﬂ@swﬁlgﬁpsﬁn@aﬁgwﬁc@pntnmd mmdhlm!aghi of the subject

i's that producgghefiwelyt b@,sﬁtmglsaglp&fqmgsdén{bnget 111. The regions 127, 128
and 129 of light sensor elenents in group 152 opposite the set 112 of

tel ephot o i magi ng & Wghbspneor A2 regions Véi Vzg"%b?ﬁélféglﬁSe"é‘lﬂel?i‘“el“ﬁrﬁ‘@é‘seqs%al

relor eﬁentl 0y ao;ipe:inemtamglbrm@mgefemmelﬁumz@ﬁa IOBTMpdaﬁ@'Blh fuldfc@ﬁsltiﬁiﬂalé)f 25 the
t el ephoto i mage o U the i el enents in
set 112. WO 20987Y é@gﬁg'ﬂérﬁ‘fi‘ éqg%%‘%o‘gg gﬁ‘é“f‘aﬁ%ﬂﬁ’ge‘&%”gﬁ@gﬂﬂ o6 i s
struct u][ edht 0 dppotits nbinghitnaging alerhdmtsmM,clOB enid mﬁpﬂspwbelstﬁaﬂ egstitine a]tgﬂfuﬁ] an .
i mage of the sphj td.on j.n the t.of the thir
color. The Iigﬁq g tgwgéssﬁegl%fjir o’ugg *"q(i’l? o g %’mﬂt%aref['lsﬁ)ﬁ?%oé’i’%s ¥ he _
sensor el errenttslePPB)t‘JllB@glrlmltm@tsrl@@ l@&ﬁtﬂ@@ﬂ%l}bmgﬂy, 29¢ pestitute 2@rouReifiadn 126 i s
operabl e t g5 GERELA Tnérckidhd fh1°fb G li&%ﬂ%ﬂ%% emgﬁm%%%gtlﬁ«ﬂ: beifp G 5Nt S

an i mage of the subject at e secon Ication 1 0 the
light of the t¥%tHd 0§mdsranslﬁﬂaa@aplem@$@Bwtlvqfheem;ate@tcolosm@amdgrahd third

color inage sighalenGRRABSIHR BBRVE Bk Gthidy ﬁ@tnag.tlfcaﬁs.%ﬁﬁbsw,&%giéﬁ are

el ectronically conmbjined to forma color I mge srgnal th represents 10
the i mge of tiMEEsRificsubicdis thaiarodued iuthaimsaing elementai. Se“l*t'l% Theaegiong el enent s
107- 109 const i t24] 123@nd €36 of light 8dnsdr eRBENYin@rRPRHE Sppbfile Me set 111 of normal

20  imaging elements collectively generate a color image signal representing a normal image
of the subject. The magnification of the normal image of the subject is that produced by
the imaging elements in set 111. The regions 127, 128 and 129 of light sensor elements
in group 152 opposite the set 112 of telephoto imaging elements collectively generate a
color image signal representing a telephoto image of the subject. The magnification of

25  the telephoto image of the subject is that produced by the imaging elements in set 112.



respective imges at the inmage plane of the subject at a third

magni fication in light of nutually different colors. The inmagi ng el enents
107- 109 constituting the set 112 of imaging el enments each have a third
focal length and are positioned opposite the regions 15 127-129,

respecti veWQ 2006/036p9ght sensor 120 that constitute a thipcdAgpe@sp281653 of
regions. The third focal length is different fromthe first focal |length
and the second focal length. [Imaging elenments 107-109 are spaced fromthe
i ght sensor 120 by, a, di stance approximately equal to the third foca
length. The third f %afraglﬂsﬁlj{nﬁﬂtdgg fs euctused: tp faces lightef tithirdeglor Hem theo The

i magi ng el emendubjkQo fom S ntbge Uf thsubRctfaDGeSecdddhtigniBitation i thékghelgy from the

subj ect to for n,i e.qf .the suybject at_the third magnification in the
light of the £ g fotory 31e lght 34, piSse ugheplos filt ‘e’é‘if%hbfﬂ'g‘ﬁegﬁlswf’ff 9IRS 147 to
i I'l'um nat e 1 hel3dmthe regivhd®of lightlsarsor 120. Rbgionr BYiisperhBIE todentritg Bthidesisor 120.

Region 127 is able to geperate a first calor  .i e signal conponent
that repr esent@ﬁg%selgnlaﬁ%%n 0%1“ Ptﬁﬁéepéeﬁﬁﬁmea@tmﬁﬁe Ot?hlg S‘fq"n‘?cp%grﬁﬁ&??ﬁ ication 25 in
response to t huagnifgghtiondd resposcftp thetigitof the thindcoldeintidanhtberean. The i nagi ng

el ement 108 is stryfl HiEheh@l Q4T b : f he

subject to form_anq-lﬁna é 5’%’ t e?ﬁgiﬂ%@%ﬁfﬁgﬂ%&?ﬁ%ﬂ&ﬁ%g%efl ibggétqo%n in the
i ght of the rsgiewmiddddt ue cleqmaicallygambinel phumacolonimegysignabthatrerrésenter 148 to

i 11 um nat e14 heths AREObf thduBREAE e Jedéhdi nhehifiBatiof 9l ON 128 of |ight sensor 120.
Regi on 128 is operabl e toggener ate a 30 second col or in;r%e si gnal conponent

that represents thdh? imagiossemens! WP eenstitytingseid 12 gf imggingalgments fom i on i n
|r:> ?:‘SI' ;)oln; SOB g/ B ggzﬂgbt@byj_m@fas_ dthe iﬁ@g“e(pimﬂe Sﬁh@{ijgjgaﬁi B mbHBi@E in t3906{ QZﬁO%f
t e i i el enen tructured to focus light o
athird col or T8 ytdfgger%g]q‘gﬁ?ﬁ?dm? e&??“fsr’rg'é@%c?f’nsflﬁ‘é‘"% Biddt2oft the third
magni fi cati on imaging ety d@clciahos third foeeal Iédgthhind 0 ppsitoaeboppbdito d@hegisasor fil ter
149 to illymn nsor .el . enent 9 in.the r.egion 29 of 1ight
sensor 12O?FRegzﬁggg’?%g&ﬁgaﬁﬁgﬁ%lﬁfeélsotrzzété?fec? 'gflélgf t@ﬁ‘%’ﬂ“"clg% “Ffye signal
conponent -t hat Thedhirddfeehlengthis diffreapefrah the Hiest Sagiljlength aad tht keeotdocadilength.

magni fication t Welali . i : Lnci dent
t hereon. The f%é@?élggg}gﬁl&?alﬁ%%ﬁ?afé co @% héﬂrargené&sllﬁg%f&%nﬁ%onents
gener at ed by tdserogimatesfequyldqythe third 7l langth. Fhe third &aselrlengthclgfineg agiindbi ned t o
forma col or ipRA&isimnal that represents

20 The imaging element 107 is structured to focus light of a first color from the
subject to form an image of the subject at the third magnification in the light of the first
color. The light 30 passes through coior filter 147 to illuminate the sensor elements 137
in the region 127 of light sensor 120. Region 127 is operable to generate a first color
image signal component that represents the image of the subject at the third magnification

25  inresponse to the light of the first color incident thereon.

The imaging element 108 is structured to focus light of a second color from the
subject to form an image of the subject at the third magnification in the light of the
second color. The light 30 passes through color filter 148 to illuminate the sensor
elements 138 in the region 128 of light sensor 120. Region 128 is operable to generate a

30 second color image signal component that represents the image of the subject at the third

magnification in response to the light of the second color incident thereon.



10 the image of the subject at the third magnification. The col or inmage
sensor 10 is thus capable of form ng i mages of a subject. The inages are
formed in sets. The inages in each of the sets are forned in |ight of
mutually different colors and have the sane magnification. The inmages
differ in EQa0p0wWa on anong the set. The col or i magercaarszes/oifoi s al so
capabl e of generating respective color 15 inmage signals in response to each
of the sets of inmmges. The color inage signals represent the subject at a
respective magnification, The set 112 of imaging el enments |ocated farthest
fromthe |ight sendb?imesmegiementded is strsturddde bses lightpfiathitdgplonfiom the an

exenpl ary col Ofubjestag)for @R fiktige of thsubidt alhOmt® FRGEHE A in hiader BRY! hd MaYI NG
el ements 101- 0‘% :Prow dﬁlfs_ a]1f| r st ma?nl_fl cation. The set 1 11 20 conposed
of normal i magigth” EHaETTRIreh eplor filier 167 Bl gaigats the senserglemsiih 139 in theiregiono f

appr oxi mat e3 y 1295f lightesisdrh20.f Reghoh 12%ig Bperdbleatb b@idrate BRirdlor indade GRpROsed of

t el ephoto ima%)i ng ehgr{ents 07-.109 pr.ovi.des %hbidlrd rrﬁ.'ggu fication of

appr oxi mat el y S"EOISPHEA reRreents §nimpee, gk thy sybicelatihe third magpitkation inresngase

enbodi ment, t he tiedight oftheithiadgiolvgineldanthatesn.ar e each conposed of 25 three

i mgi ng el enents a | but ot her, nunbers and si,tional
rel ati onshi ps of Er h‘gﬂgﬁgeﬁ%’@gﬁ%@gr@%ﬂ I Jmage sienal compongnts F?{'erzgﬁHgY th&s‘ﬁ ive
enbodi nent , eaetionsd27-0£9 arerelgitrogicalylcembingdsto f@maeniooismge Bgnaf tbatreppesemor e | ens

el ements hayi nge ffige SAMPsubRGA! thl ARG Ienildfon, | | gt sensor 120 has, for each
set of imaging elenents, flour or nore regions of sensor elenents each

havi ng a respecti véheeilasimage|sensor 10 isthysigppablglof forming imagesafis selijerbrithe each set

of 30 i magi Ny iplhgRRSIeR i ®ts! SRAREEds YreablBIIRSsets Are! b2l inQfand mor e
mutual Ly differant e s e o s e Al C™ 1 gt

sensor gener at®EererR FRIprs e e gimeinaeifisation. chledwages diffrip ewenificatine subj ect
at  respecti veaniongthefsétC Thd I imaA0 ednbiR N0 RIERE dApABIB bf RAGamgWshécaiddoisiet s of
:c magi ng el grestglsag . Ealgkll aéjdl t Lon | set of || r;a | Rﬁ ceI enent si i ss ropgr able to
orm respect i GHRTAYS I Esnopss taeach of the sgis of imag geolan page sisnals 1spreseati t i onal
magni f i cati on thewsubjegthat a ebpeptivewakhificatiod.f erent colors. FIG 5 is a bl ock
diagramof a multi ThEdp l lfiZi og?r‘ﬁaigglg el%x%lel% loé:artre% arth%set 1%81rthe1h6gh.{ srtl.nsor 120 provide
the highest magnification. In an exemplary color image sensor, the set 110 composed of
wide-angle imaging elements 101-103 provides a first magnification. The set 111
20 composed of normal imaging elements 104-106 provides a second magnification of
approximately 1.7 times the first magnification. The set 112 composed of telephoto
imaging elements 107-109 provides a third magnification of approximately 3.6 times the
first magnification.
In the described embodiment, the sets of imaging elements are each composed of
25  three imaging elements arranged in a row, but other numbers and positional relationships
of the imaging elements are possible. In an alternative embodiment, each set of imaging
elements is composed of four or more lens elements having the same focal length. The
light sensor 120 has, for each set of imaging elements, four or more regions of sensor
elements each having a respective color filter. In this alternative embodiment, each set of
30  imaging elements forms respective images in light of four or more mutually different

colors, and the



accordance with a second enbodi nent of the invention. Elenents of the color
i mage sensor 16 that correspond to elenents of the col or i mage sensor 10
described above with 10 reference to FIGS. IA | B, 2, 3 and 4 are

i ndi cated using the sanme reference nunerals and will not be described again
here. Col oW dfige68®¥nsor 16 has sets 110, 111, and 112 RSA/USROGISAES

el enments, |ight sensor 120, a user input nodule 160, a processing nodul e
165, a nenory 170, an output port 175, a display nodule 180 and a bus 185.

Bus 185 int ereo nnect s ht .sensor % t he user np éﬁngdule 160, the
processi ng rdeLﬁ& T%’Bgenfﬁ Si‘%°rﬁ‘3?*ﬁ9|slg""157@atr?ﬂﬁ"ese'3u'f‘?ﬁﬁt ﬂé 9%t 8E and t he
di spl ay nodul eregB8ive Blamﬂ&ﬁonmymdmerambod%hmhdsladcﬁhorﬂbsatsechnagiﬂg elemadis.opt i cal

connecti on. €5:sG9 repr esent

i mges of a su%‘Jg c‘?‘ﬁﬂ)ﬁa ﬁtlb%g?a%mf”’%{e?’en“sﬁf’?a Etf) qna S ecgi @F?St?g{lf ®above with
reference to Flh@ pldnd of the S®Jeamﬂamddxtnbmltﬂawnt‘i@hbmwhglg oémawwll)mnffmm | i ght
sensor 120 outpyts color image signals. In other 20 exanples, the |ight

sensor 120 outputs _inmage si ?(nal conponents, which are subsequently
el ectronical |y conBlhéds phlod N@W@W“h@amfﬂmm colpBingge sensop k¢ @r nal

processor (NotaccHiMudWwitH ;Psef:&lﬂ@?n%ﬂu%nt mﬁaﬁvélhanaénén&%hm%mmﬁée represents
an i mage of the sukgtect with a different magnification i nput

nodul e 160 i s €PPLLE heteerrespend delmeats of the gplor imagr seasen [k degsibed ﬂ?@‘@r‘”'ﬂ“ZS (not
shown) of the eplate tbﬂmmelmwrs aht 4aRdndiQted @biRCthe Mmel ERGheeAiBerak t he col or

image signals in ponse t nput 161. The u i_nput rmdul e 160

i ncl udes one o‘?"dwﬂi) ?‘?‘3‘(“5&@‘8 e"ﬁ )%8“’ g° HPSOrdf hasse f‘@hb‘é nggh!2 of

2006/ 026096 PGE:lagiSQélaﬁérﬁkZBgtﬁﬁensonm W 9RF inputddult G40, apyochsing Mpdille 163, 4 he user

i nput nodul e 160 mh the user ters.one kes.on a keypad or
es T LY F;Q R gogt(ﬂe %%q)aé'gf‘:ﬁtﬁ%&% ﬁ ﬁg i

when the user Totat enbodi nment ,
t he user provud@sommeswﬁsenmmm tltb@iertnpuummmte 169 chel proct Gidg nvdidy 165,thki ng a

button 1o & Shéord V#ﬁﬁoﬂ%%béﬁ%d%%ﬂblﬁy&ﬁ@uk*éa 0L sl b by 0O TEAE

t he user indicate or I mages to process and/ or
out put by sel%@tflcﬂgoweﬂwrormpéc%ﬁomwoﬂtems in the menu. In one

enbodi ment, the usefgni BRWE 1Bk fes O mgéttgxfaﬁtﬂat 1%9re§eﬂt iHERs bl QupRBE OF
T T S Sk ek TB0 S b sne i e S i 15,5 S g 91
are
In the following example, the light sensor 120 outputs color image signals. In other
20 examples, the light sensor 120 outputs image signal components, which are subsequentty
electronically combined by the processing module 165 or an external processor (not
shown) to form color image signals each of which represents an image of the subject with
a different magnification.
The user input module 160 is structured to receive a user input 161 from a user
25  (not shown) of the color image sensor 16 and to select at least one of the color image
signals in response to the user input 161. The user input module 160 includes one or

more processors and/or one or more switches.



10 transmttable via bus 195 to various ones of the devices, such as, a

|l i ght sensor 120, processing nodul e 165, nenory 170, output port 175 and
di spl ay nodul e 180, connected to the bus 185. The user provides a user
input 161 to select one or nore of the inages forned by the sets 110, 111
and 112 of wonngé/omgessl enents for display by display nodwcausems/essos
Additionally, the user may provide a user input 161 to select one or nore
of the images formed by the sets 110, 111 and 112 of imaging elenents for

storage in nmenory 170. Additjionally, the user rovide a user input 161
to select one or roPRUSEinpydo] ‘H%)g'??s‘“l’“f@ﬁ‘i?étﬁefwut‘ﬁ@d whemthe sen and 112 of
i magi ng el emendnterd die oPMbR UEysirEIREbIOAkRd 0P Vhdn thc Rer bRtefN kB LSMBRAe HEVi Ce
(not shown). Additionally e user provi de a user input 161 to 20
sel ect one or Ftf¥mo “‘EW@“‘P?A&'B%WW?F@&“VWS'{“%“%@P‘%‘ 16*‘%'Wbmﬂ‘b‘lﬂﬁ&mnts

110, 111 amd wylAsHigya mac&mmgawnwmmﬁg mmamswlmthisaﬁter dhdmehect ed
col or image signals. e tran tted via bus

b
185. The process!ig™He ' Wh“?'élgaﬁ o3 E?%EEPC?EHS%%Y ftSre’r‘E?:‘:@fs\féa/rfpﬁ%‘tpt“F%sm tted
color image sklgraizsnootmut ofihe ikanglid themasor 120 and to nodify the received

col or image signal %o&%mggﬁﬁ?ﬁqk ﬂ?ﬂ\"&@dﬂeﬁéo 1ssstr§$t£rP§IoLﬁT.ﬁcQaté SacBpP! Y color
correction to at |east one o e color processi ng
modul e 165 i ncherdeanmgnd S@Falwwpwet?éhﬁslmfswup}ﬁicé’h%vqngnandrﬂdml@rel% has

capabi l'i tyid o RRLhiRLIR A bis 195 & RHOARASSFthe m?cep &5 2850t RbUSS
conpressing the i mge nponents and/ or "col or e Si nals

converting thé’“’“@ﬁﬂ“@r‘“q H‘gd@ §1¢§‘ﬁ§’| 190, 0ytpat RPPRE WWEU‘!O@F%W&%O gwnestedi mage
signals, etc. tamdbasngsi ng 30 and col or correction processes. WO

2006/ 026096 PCTI HS2005/ 028405 In_ one enbodi ment, the processing rmdul e 165
is structured to r dBRYSHEPTOYIAEs & nFer inpLf lébmfﬁ'ﬁ‘ﬁmé‘?‘ﬁr'i%ﬂr%" éﬁﬁ'ﬁ'ﬁ%"'s i nput
modul e 160. | nhose 1eognodamﬂmzpfid&@nn@éiaaaﬁﬁbmplaﬂmgluisﬁaﬁﬁEdulesmsIructured to

generate o nmmand _Si s inr an 0 a_Si 5 fromthe
user i nput ﬂ’e ‘}dq%f% he' mo’f’r?%'g @e %'i'sﬁrrfg‘fugfé ¢ e‘j“rcé?&gr?f f"f’%kﬂ? h‘et“BagG%rl ous

devi ces, such fasnedlbvgfetsetsewsbn ah@0)2 ofdmaging eleibdnts fqnsiptage inosetnofy7B0and di spl ay
modul e 180 CO @g/f {hQ ugcpﬁap#{%\rr]ié?%usex{\\ﬁﬂnﬂg E%/’I t&Zchck §ne bt ndfe olfl{h%gmgggs store at

| east one of t
formed by the sets 1 10 111 and 112 of imaging elements for output from output port 175

to an external device (not shown). Additionally, the user may provide a user input 161 to

20  select one or more of the images formed by the sets of imaging elements 110, 111 and
112 for processing by processing module 165.

The selected color image signals output by light sensor 120 are transmitted via bus
185. The processing module 165 is structured to receive the transmitted color image
signals output by light sensor 120 and to modify the received color image signals.

25  Processing module 165 is structured to apply color correction to at feast one of the color
image signals. The processing module 165 includes one or more processors. Processing
module 165 has capability to perform multiple processes. The processes include
compressing the image signal components and/or color image signals, converting the
color image signals to a JPEG or MPEG-format color image signals, etc. and summing

30  and color correction processes.



170 is structured to receive all or selected ones of the color inmge
signals transmtted via 10 bus 185 responsive to a user input 161

i ndi cating user selection of an option to store the color image signals.
Menory 170 includes one or nore nmenory devices, such as, random access
menory ( RAMOQ 20¢0z0®nl y nenory (ROM. |In one enbodi mnenteCmesawsy2s4ds/0 i s
structured to receive transmtted command signal s out put by user input
nodul e 160 and/or processing nodul e 165. In one enbodi nent, sel ected
stored color image signals 15 are retrieved and/or deleted fromnmenory 170
responsi ve to comméhefesmypdiment Jbsrrpogssing magyled 63 is sructusgsh ie reegive transmisted i ng

user sel ecti oncoffmand sipRild AAut &Y ds@iRPUEMEIRNGD Ol SHE LBERAINSEN, Afelphilessipp! OF | mage
signals. D spl a%/ m)&%l.e 180 %s structured to recejve the selected col or

i mage signal s PP Onis FTACURSd 19 eptrLata ans of mersSARMYR signals indespeRse fasignal  he
user input Srodisme tht@eer idphisddal 16@0THFRGkmadls®Ralk Gre FhrhisHSitable6lvdrigugdi spl ay a

picture in response to e of at | t one caqlor | e signal s

sel ect ed. Addi eivgﬁsaflfcg,as’ﬁghqf‘ﬂléorhgtgPc?@wgl?ﬁ’é’atp%po&ilggf'ﬁiﬂ%é“@ﬁ‘éﬁs%ne col or
i mage signal, doneectdspthabusidfiul e 180 is structured to sinultaneously

di splay nore than i E-!H&g j 0 t ect | nore.than one col or
i mage signal. In _or?g&ﬁ’gpngg I rre%dt"gd %’%ﬁ%%iﬁg% u@efgf?% ?Ig‘lggf’g'hatl:st ured™ o

recei ve transni7Otiedrueipredinrecciye gh ot sslected engs pfithe dolor imsage sigmabatransmoited véa 160

and/ or promessﬂaasismsiﬂahﬁveltééu@mlp&tqlsfiin&ieii.@éu&ir Cehddhi oéano%fton?o d:sfkay modul e

180 responsive to_the one or nore col or ge signals and recelve command
si gnal . WO 200/0M freass sismatst Msspmo H0dnedulgsone opmprg memgr detivs, sush as r uct ured t o

receive the sehhtcdOhehory (RO), %a%@l?r%lehﬁ)%rtﬁm; Bfbn¥ bAbSiRent SRuloRSPONSI Ve

to a user inpu1t70161 i ndi cat | n? user, ae ection of an _option to outg)ut
sel ected col or PAuyEcHet [PAPCIVE gansmitieq coipmand sigad)s eueut Rtses primodulg 160
Al ternatively,angéet potdsdil mailel165.Made: Miboditene ideted sdoretl EMbiCifiagelsMalout put

port 175 i structured,to tput received col or image si.gnals to one or
nore exter Esal ac?lee{/elgrf? é%d.eanfi%r {Ef’%ged%é’%%‘?or% TeSBRRSPE e B m‘i?g"“%&%et“}n’dict ured to
recei ve i nage byiagselinmibihflomidaatisg dserontettion of dn aplion to enkave add?ér dalaid s€léctddr om

memory 170 and,{Q ;4 ecei ved i mage signal conponents to one or nore
external devices. :r%?kgfgéaé{. nal processor (not shown) within 10 the external
devi ce then el ect r Hipsimogule biPis sirstutel ¢o reeeiyeutie selastepecolir gmagk sigmtponent s to

transmitted via bus 133 responsive to a selection at the user input module 160. Display

20 module 180 is structured to display a picture in response to each of the at least one color
image signals selected. Additionally, if the user selected to display more than one color
image signal, the display module 180 is structured to simultaneously display more than
one picture in response to selecting more than one color imagE signal. Inone
embodiment, display module 180 is structured to receive transmitted command signals

25  output by user input module 160 and/or processing module 165 and to display pictures in
the display module 180 responsive to the one or more color image signals and received

command signal.



formone or nore color imge signals. The external devices may be a
personal conputer, a PDA, a cell phone or other electronic devices with

di splay capability. The transm ssion from output port 175 nay be via a

wi rel ess connection, such as, WFi or a wireless comrunication system for
cel lul ar 1%amotiwbesgy. The transm ssion from out put pedrabszZissomyesbe via a
har dwi red connection, such as, a cable connection to a conputer, a cable
connection to an external nenory device or a connection to a

t el econmuni cation systemincluding w de area networks, |ocal area

net wor ks. The conn@@WWdW“ﬂ655SF@FE%HﬁﬁEﬁV%@G%%ﬁwéyﬁwéﬁwﬁﬁymmﬁclude | andl i ne

and/ or W r el esmnGRRARGE hidNSS regfndivt 10 Qﬂse? mBadi mafcatmg hSer BUS(idiBoE an
si mul t aneously delivers the sel ected color inmage ghal s to the processing

nodul e 165, tr?é’“%ﬂ@ﬁ}‘ta‘fSﬁlﬁ?ﬁﬁ"é’loig’@?geﬁﬁ'??bsrt9a‘1°?‘@r"ab@ﬁvh‘ﬁiﬂ%wn) 175 or any

conbi nati ors t hettepffively, Qel&iﬂ@ﬁ Qi 1be MEAROSH thedkternal AQick) Uthe bBusiorlilzs Aneousl y
delivers sel ected c | or %’h@go qQnent s, which can be el ect ronj cal ly

combi ned to fc?F"Pﬁ“’"& E?&PERF‘ I Tdmage signgs Pipne o el denise 18 0185, t he
di spl ay nodul enmmmemmmjuypdﬂﬂ?j nQéﬁ-uambmtbtreqatvé imakd Sigial caniponén®RiniiehE | ON

t hereof . FI GS gﬁ&%ﬁ%p% anégrnﬂgommm ?d%t&&nf& gﬁr}aehh%%\ﬁs %fgﬁlpl ctures on

di spl ay nodul €' response TR at user input
nodul e 160. Flc@8por@at8 teegme or mm‘:@ndmd deiced e A prgérnal peceszee it shroyvn)reigirin di spI ay

sel ecti ons @n ! i 3
2006/ 026096 gbreaéfﬁeé'g‘g%? g‘%ﬂglg‘gm;ﬁ%%g“ﬁué‘@éms eng}akbaﬁﬂaiwﬂg&,h&g ? he
di spl ay nodul doreB@wionmerseplat imsee dgmelli ng a picture of the subj ect wWith three

different magnifiCehd QfShal armeghame%mmpmpapbncugﬁg,ao@ Hidel ay area
181 that is s;%gent ed into exe Iarg di s sub- ar eas 5 and 184

for sinul t anedstEstronicHeyisesayithEspiay can evwgn§ﬁmmothtaow2:fenaa/rhg| e view,

a normal vi ewwuiwaeiésebﬁﬂswib@ swdhawwfﬁmamlﬁraksa:ﬁmmﬁhuit@nig?s&nf@p@uuﬁ:s col or
i mge signals_ for th secon rd magnl fication

1 ong wi {nita: AR ST AR ion SgHA R o T G PSP SEetB s how
t hr ee separ at au¢h 3] 40268 cd}rl’llecdioﬁ pl s|dpmputtr; atabodnddion tolaﬁﬂex&ﬂﬁi thé&dory The command
signal to Confujegiger c?r atorolgneC 1on o a %:lecon%%un}c%} 1on systgrrrl’I 9nv%u&:ng WICQ area networks,
local area networks. The connection to a telecommunication system may include landline
and/or wireless connections.
20 In one embodiment, the bus 185 simuitaneously delivers the selected color image
signals to the processing module 165, the display module 180, memory 170, output port
175 or any combination thereof. In another embodiment, the bus 185 simultaneously
delivers selected color image components, which can be electronically combined to form
a color image signal, to the processing module 165, the display module 180, memory 170,
25  output port 175 or any combination thereof.
FIGS. 6-8 show exemplary display configurations of pictures on display module
180 in response to a received user input 161 at user input module 160. FIGS. 6-8 are
intended to demonstrate exemplary user display selections and are not intended to be

limiting to the invention.
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10 pictures in display sub-areas 182-184 is generated by a user input 161
provided to the wuser input nodule 160. Display sub-areas 182, 183 and 184
are positioned in non-overlapping regions of the display area 181 and, in
this exanple, are of equal or alnobst equal size. The wi de- angle

r epr esent aW@mognzeedte subj ect is shown in display sub-aoxasi®2028isse nor nal
15 representation of the subject is shown in display sub-area 183. The

tel ephoto representation of the subject is shown in display sub-area 184.
Di splay sub-areas 182, = 183 and 184 are representative of possible display
sub-areas and are A5f Gifnt ¥hermlicdisemm of the displnngoduls ¥8Rdn opetation showingBl G 7 i s
a schematic di @gmnas Ht st WidsdieairirthanihiSRiohd) TRPGEAL Al R@W Ny one 20
picture with a teA ﬁggotlo r%{gssen_t ation of the subject 'in éll S lai&@SUb- area
184. The di spl A§/oeRAdEPY 4 é‘@éﬁsﬁf‘e%?egewwﬁemmélselmgwatarqaéB&Ze nting the
subj ect at % heantihB4 fbr simgitinbouatdispiayingsictares SN IBie& iNRde bRz IS AR Our e t he
di splay area 181 glo.sho rthe i

8 QiR LAWY, T sti ngl e ep'.c uredlln g(isgl,a%/ ub-area 184. The
command signal {0 CONfl gurepP?*l%v' s D a‘bsP Syl 134 rgceivg &%?fava&‘*ﬁég"@f ngl e
picture in di slofthysubiebtiathedird.8dconsangelielmigaidicipn alohg®ith 4 SoMHiand 6inat o
provided to t ] i Fl G .S a .schematic di agram of the
di spl ay nodul 2% Eg%ﬁelr trt]lé @’8@%”5@%% %ﬁ%‘%ﬂ‘a"e as?Paragﬁ F{“gll"rﬁsa'f' Iﬁ{;@a&w-a&as @ﬁ%pl aying a
picture of a tépephbito Thepmemradsigna breonfiguteiie: Gwhiyech 18 hto shdw thbathrdee pi cture
occupi es the cm fﬂ'l‘:@i‘i’n%isglafmbaa)‘eaﬂ@alsar neri&l lﬂhﬁl@ r%YpuE‘qugalro%id]eg P thd €CEI Ves a
col or image signal representing the subject at the third magnification

al ong 30 wit h Werdehw@Ad!sinal to configure the display area 181 to display

the picture in thepDiplhaakub¥tad 0861 $3260 98 £ R4 : j ay area
181. The comm{;ud si%s?la Hugi) configure t he rﬁ?z{ssiglgg%q'g{rlea 1@a%pltngt‘e§ﬂ}8€v9¢ he

pi cture wit hi iafifPigrarga] &1 andsis this example, afaof equal eralimqshequal sigg- Thamide- | nput 161
provi ded 't o t haagle vepedseritaliphibf thiogtbieet islshOwn I displap Ad-LHDRLI TRHormdlhe user can

sel ect a bJanking conmm si.gnal .. whi.c | anks i.spla rea 181 or one or

nore of t h{esadimpr Y atéoﬂt?? gﬂgé'ébgecﬁ-'éiowfé‘?‘s}&?ayfgﬁfmtg{{l 3&23?‘%{?!’ 0 3 user may

push a cl ear - akpresoutttionrof the sajeetis simlvh ipdigliayrseisarea)1 4 SfMpRY sdb-éas18%. I n an

CronPl el Y 1 oo s afh HASE: BHALARNR oF okt Bl Sl SRES AL MG RE B ¢ 1O
limiting to the invention.

FIG. 7 is a schematic diagram of the display module 180 in operation showing one
20  picture with a telephoto representation of the subject in display sub-area 184. The display
module 180 receives a color image signal representing the subject at the third
magnification and a command signal to configure the display area 181 to show the single
picture in display sub-area 184. The command signal to configure the display area 181 to
display the single picture in display sub-area 184 is generated by a user input 161
23 provided to the user input module 160.

FIG. 8 is a schematic diagram of the display module 180 in operation showing an
alternative way of displaying a picture of a telephoto representation of the subject in
which the picture occupies the complete display area 181. The display module 180
receives a color image signal representing the subject at the third magnification along

30  with a command signal to configure the display area 181 to display the picture in the total



of a picture and the user pushes the clear button twice within a preset
time to clear the 10 display sub-areas 183 and 184 of pictures. FIG 9
shows a flow chart 900 illustrating a nethod in accordance with the present
invention for color imaging. In block 902, inmages of a subject are forned.
The i nages veo moé/asomed i n sets differing in magnificatiran/usitesosamges i n
each of the sets are fornmed in light of mutually 15 different colors and
have the sane magnification. The inmages differ in magnification anong the
sets. In block 904, a respective color inmage signal is generated in
response to eadlisgRy aepE8ls dhecqmmang sigeal torcopfigessht disievtarna 181isjshew that t he'

respective nmaggktideGathinQN.of ih8 di@{)l@ﬁ:ﬁeagﬁ@ is RRRrit QY d Wéer iRPRAE 85 1LRReQREME 0! OF
i mge signal is sel eCtgﬂéé@n bl ock 20 908, optionally, nore than one

picture is di sprafRme ponse to each of the color image signals

js:a: ected. This di 3_@;& @ﬁ%hﬁo&iﬁb&ﬁhhé)ﬁﬁrdaﬁ@eld:cﬂavﬁﬁlﬂ{:ir@&ohmaﬂm bl wmsﬁh Panks ded
illustrative e i me : wever, the inventi in t he appende
clains is not lfpgqytaéeaq%ﬁoﬁ%%mprp‘érﬁf’gtge d'mcfﬂ'i"ﬁtﬁ?ﬁq 2’33&8&&&% SSAMRKL 3¢ | ai m

1. A col or i nmager sormel 3 cleapaid butoh gglear aibgjctngs @l displantrea E81C n &i axerplayed t o
format an i Wapztol= . SUbj nayi respecti

magni ficati 02?&%%8&%8?‘“3{‘ %g c:lemagl ﬂ‘géné’?é"#%‘z‘ﬁ? g%getépﬂl‘lg#gﬂe%‘f @‘%"6@”@? ?' reeag 4es of the
i mages Wit h t hef apiptise snddhe dseroaisticnihe claar|bitgdnttwise within @ aressp timditef dlear 8wt col or s

constituting ayighly seALACESEIZRY oPYcthE Magnification of the images, the
sets havi ng nutual different magnhifications; a |light sensor |ocated in

| y- I
the i nage pl ane an&YQ’:(?rfb‘P‘YSsﬁﬂ?g"Cé‘a &) iBystratingaampthod in scperdanes withithe pssrat
opposi te each mientibiffol FoMGiMaLR enents, the regions of sensor elenents
opposite each of the sets of imaging el enents being operable to generate,

in response to | i ghtblpekA0&dmpect Rt whigct asg formed o The ipases are fprmedriggets si gnal
representing tdifferingh@sagrificatidne The!jagestin @ich bhBe SeBREBIneden REQHE thitgalyi on; and

15  different colors and have the same magnification. The images differ in magnification
among the sets.
In block 904, a respective color image signal is generated in responseé to each of
the sets of images representing the subject at the respective magnification.
In block 906, optionally, more than one color image signal is selected. In block
20 908, optionally, more than one picture is displayed in response to each of the color image
signals selected.
This disclosure describes the invention in detail using illustrative embodiments.
However, the invention defined by the appended claims is not limited to the precise
embodiments described.
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read-out circuits, each associated with a respective region of the sensor

el enments of the |ight sensor and i ndependently readi ng-out a respective one
of 'he color image signals representing the imge of the subject. 2. The
color image sensor of claiml1, additionally conprising a user input nodule
operable in response to a user input to control selection of one of the

col or i nkgelafhgnals. 3. The col or inmage sensor of claim2, additionally
conprising a display nodule connected to receive the color image signa
selected in rESpOHSQ(kﬁxhh@g@&éﬂSoHd@ﬁmmsﬁgd operable to dlsplay a picture

t d gol or ge sensor
of ciam. aqlidErfEhEEAEREinl B Gl ARt B S opReR ST &
response Smbjacttmemgmrrpsmedilme oaghifichtionie bresst of dine mfagmgr@emb@ts f@rnﬂhg)L t hle
I [ d di spl.ay nmodul e co cte ecel e the col or
mage- o1 oapac BTk of PR, afeg BT lhe ik ReSTETS) R Cal ASERLY abi e 1o
di spl ay sHiffetenbnelossiopstitiitiga est dharactais{pd)by;metma@afujatlmﬁ of ﬂhe m&d;es;t ed col or

i mage signals. 5. The color imge sensor of claim4, further conprising: a
menory opéiesstehavingnyiuglydiffeeant magniicafionsict ed col or i mage signals. 6. The

col or i mage senrdight sénsot @:cﬂl’eﬂ,ln fheriinbgs pI@ﬂﬁBhd Ed)rﬁgrm&g @Pégi@ﬁ&ﬂ dedssodul e

bl e sensor
oper sl e Rl ke 15 k00 RS L A0 oo b 50E B TG
response telenents gepasite ﬁpﬁh oft the 19esi of ymadieg eleineotsdwingaiperatilertigenesdtgnal s. 8.
The col or i} nRgEnABTGAt iREidSAtRhdFdn, afr‘éé;?l&%e aHﬂH é@%na gf&bﬁt’ﬁgo grt

connected to receive at | east one of ge si gn mt he
col or i madBagRpitBe SHWGCttaét"tﬂfleﬁmc"'t’?né"aﬁf“f‘P@@@f a'@fhe of the col or inage

signals. 9. Theaea@bof ciiciiRg@a8R BSScidéd Witk 'ﬁésbecﬁ\}érrb Bh o¢ﬂféﬁ§eh§d>mg col or
filters die%@rggr?tg OP{% WS tnsetnrs]gr énraa'ﬂder%n%entrerea ng out a respectﬂlre]tone of 'he colcatrhe
image signals representing the image of the subject.
2. The color image sensor of claim 1, additionally comprising a user input
module operable in response to a user input to control selection of one of the color

image signals.

3. The color image sensor of claim 2, additionally comprising a display
module connected to receive the color image signal selected in response to the user
input and operable to display a picture in response to the selected color image

signal.
4.  The color image sensor of ctaim 1, additionally comprising a user input
module operable in response to a user input to control selection of more than one of

the color image signals; and

a display module connected to receive the color image-signals selected in
response to the user input and operable to display simultaneously pictures in
response to each of the selected color image signals.

5. The color image sensor of claim 4, further comprising:

a memory operable to store at least the selected color image signals.

6. The color image sensor of claim 5, further comprising:

a processing module operable to modify the color image signals.

7. The color image sensor of claim 6, in which the processing module is
selectively operable in response to the user input to modify the selected color image

signals. . . .
8. The color image sensor of claim 7, further comprising:



color filters adjacent each of the sets of imaging elenents transmtting
light of nmutually different colors. 10. A col or imagi ng nethod,
conprising: formng i mages of a subject, at an imge plane, conpri sing
formng the images in a plurality of sets, each set including inmges
formed in light of nutually different colors and having a common

magni fication, the inages differing in mnagnification anong the sets;
gener ati ng, ?%o'ﬂtegﬁﬂﬂ%&”ﬂ%‘:@%@ eseine gt lerslqse dthe ¢rdordimepesignalsol or i mage

si gnal s reprientid gortifragé eemil ahdBoagp@itha aPkastdnktay tmafc_:d@gr'ﬂia{;é cations;
associating a respective color inmage signal in a respective color at a

respectsigmalsragni fication to a read-out circuit; and independently reading
out the respgcti VEheedloimag@eensor oNahin 0, hAker'cBfpASHyve color at the

respective | £ ] oci ated read-out, Circuit for at |east
theIo col or r%%g’leﬁlfgfsgﬁg‘?%e?%?%%ﬁgﬁ%i"ﬁagg'?%ggm?@gﬁé@ttmlég@??” f tF"f’r‘ages. 11.
The met poldr iters adipeant eachaefdhe setn af Ijagrgngeinsitadransmitigt lighofat | east one  of
the col gluuidipdffepdri@R8bs, 12. The method of claim 11, additionally

ol Affercnt.

conprising: displaying a picture in response to each of the at |east one
of the sel ecilBd cdicaler imagg BehAd! ®MPISINgThe net hod of claim 12, in which:

in the sel ectdriihg ifRGEs bNASULME Rfanlih8ge BRE! comPEMgShENIAY fhel S Sel ected;
and t he, di spl.aﬁl ﬂﬁ@%onip“ ses SI?TEM%?JIGOUQ y di splayrn nore t han one
pi ct ur e'MagFs AR LRI iPey: carhpehindudingimades fmey 12 BeRSof WAV cor rect i ng
t he col differedt calbrsl@asiaving @ @ridremaghifcationple iiagitadifferingGn The net hod of
claim 197': ac#di%i onalrli‘g/ conprising: storing at |east one of the color inmage
si gnal s MeggineAA APay ﬁr'8tsg8°’enerati ng col or images conprising: means for
form ng i mag@8nashting. 1 fgpReitseita thedprmedimages chigsupleaheploemdgeset i ncl udi ng
| mages sRnaRGeprdsént@fihdforfibd iddex A bphRERPDT MAGMficatiBAg having the same
magni fi cati on, th(ta | mages | ff r|,ng I N, magfnl fication anong the sets;
associating a respective color image signal’in a respective color ata
respective magnification to a read-out circuit; and
independently reading out the respective color image signal in the respective
color at the respective magnification by the associated read-out circuit for at least the
color image signals corresponding to a respective set of images.
11.  The method of claim 10, additionally comprising: selecting at least one

of the color image signals.
12. The method of claim 11, 8dditionally comprising: displaying a picture

in response to each of the at least one of the selected color image signals.

13. The method of claim 12, in which: in the selecting, more than one of the
color image signals is selected; and the displaying comprises simultaneously displaying
more than one picture.

14.  The method of claim 10, additionally comprising: correcting the color
of at least one of the color image signals.

15.  The method of claim 10, additionally comprising: storing at least one

of the color image signals.

16. A system for generating color images comprising:

means for forming images of a subject in sets, at an image plane, each set
including images formed in light of mutually different colors and having the same
magnification, the images differing in magnification among the sets;



means for generati ng, in response to the for rred i mges of the subj ect

color image signals representing the forned inages at a plurality of

magni fi cations; mnean for associating a respective color imge signal in a
respective color at a respective magnification to a read-out circuit; and
means for independently reading out the respective color imge signal in
the respective color alt the respective nmagnification by the associ ated
read-out circuit for at least the color inage signals corresponding to a
respective set nefins fageseraling, il heaspoyss @rtheforekaimades, of #skdéubjenn adoloy
conprising: neans for selecting at |east one of the col or 1 nmage signals.
18. The syst eminodgecsigiiats nepreseiting theriadmed inagps ta pigralityeafmsaghdicatiorspl ayi ng a

broture 1n M eSRRNTol s8aGlhdd duBBcile doffithagiSol if DRcBELRE!GrePhOr | TRge

signals. 19. The systemo n whic he nean Isplaying is
addi t i onalr¢spetie magmﬂlqaanemre;ademﬁplrayi aod nore than one picture in

response to  sel&nb lfdr%dapbﬁdédimeémﬁg 6@ 1R& résrﬁaaﬁ/e%%%age?&%namﬁhéyﬁ em of

claim 17, additional nprising: neans f storin st one of the
col or i magesrectipagalor %i‘he We%tb’led'ﬁagrﬁ%éo%b}‘lﬁ‘@rasé‘t)c'%tﬁélr@‘ﬁQOUt\Mﬂ@lﬂfbfph each

i ght sen%@reagﬁae%:orrmédfw?rﬁahé@ana ngoﬁ%ﬁ@w%gégh&t@eeg%ﬂ.hg relationship

that mnimzes | eakage 0O e i magl ng el enents.

22. The col or iJmge n each_res i ve r.eadout
circuit convert?t heﬁ%r%?’g{e Saé ggﬁﬁ?'%&&?@%ﬂ”%"ﬂ ‘?foﬁef%g Bbndi ng
region of the at®aSDINCOHRRBBSISr riagd sijr@ist @l 1 mage si gnal corrponent 23. The

col or image Sengor Gl'f %y@fem &%Oaféﬁhﬁ' gbtjﬂticsr{é gbrg &)hﬁaﬁgfcﬁ) npi!ﬁ@ngng

conponents from respectl ve readout ¢rrcui cor
el enents that o pictwe in ¢e3poose e dachgd thetdt lehs arwrref treegselédteditdoton imnge
conbi ned t%()%’(s”“' taneously display the respective image in a plurality of
magni fi cat

19.  The system of claim 17, in which: the means for displaying is

additionally for simultaneously displaying more than one picture in response to

selecting more than one color image signal.
20. The system of claim 17, additionally comprising: means for storing at

least one of the color image signals.
21. The color image sensor of claim 1, wherein each light sensor region

within a set Is arranged in a positional relationship that minimizes leakage of light

imaged by each of the imaging elements.

22.  The color image sensor of claim 1, wherein each respective readout
circuit converts the color image signal associated with a corresponding region of the
sensor elements to a digital image signal component.

23.  The color image sensor of claim 22, wherein the digital image signal
components from respective readout circuits corresponding to imaging elements that
form a respective image with the same magpnification are combined to simultaneously
display the respective image in a plurality of magnifications.



