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SUMMARY OF THE INVENTION
The invention provides in a first aspect a color image sensor having imaging
clements each structured to form, at an image plane, an image of a subject having a
15  respective magnification. Ones of the imaging elements forming respective ones of the
images with the same magnification in light of mutually different colors constitute a set
characterized by the magnification of the images. The sets have mutually-different
magnifications. The color image sensor additionally 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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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;
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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.
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i nvention being defl ne t he appe d cl ai | ent s thereof.
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outside r e% Onaemen%'s 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.
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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.



109 of a color imge sensor 10 in accordance with the first enbodi nent of
the invention. The sensor elenents 131-139 in the regions 121-129 of the

| i ght sensor 120 are not illustrated in FIG 3 to sinplify the draw ng.
The boundaries of the regions 121-129 are indicated with dashed |ines.
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20 is inci dentISHPAEMECIONact i ve surface corrects for optical aberrations,

such as spheri cal aberntagmgeﬁmelltflbfEdm&ﬁedbyf&mlghﬂff%MbM@rﬂcfnpﬂﬂé surface.
| magi ng el ement

02 and. 104-108 are sim | ar ructure_and will
not be separ atsélﬁjﬁgtg%@gpfnbg&ge easr?.t’je%{la‘itg"rﬁ'ﬁ'[ %‘ﬁé?ﬂ%éﬂ ‘?}%H%hto efitsiragi ng
el enents 101- 1@®redahighelilpasestplvagh @ﬁirﬁtt&fmatbtﬂlutﬁnaté the Bdhs@ lefnamerand an
aspherical refract r,face. ions f 10
el enents 101-1 8'% rL%&p%gg%?thtffonlw 1% q?etgm %t&gg’e attrétc?g%ﬁ t he
maj or surface image mnatmpbnegtmatsmms me@agwumneqt atethe fingt mdgeifienios 101- 109
and respeci4 ve;nl;éggéﬂ?@]gt 3 igh%%e‘ﬁrst%&@ﬁ%de tﬁg@%ent I yI n an alternative

arrangenent, col or 141-149 are 1n sup&orted bet ween
i magi ng el ement s 13%e gging plgmens dPis strupturadaey fosusdightnf a sepondyfolas Srmdhe el enent s.

I n anot her 15 sat.ﬁeartmhhu@mﬁ. e@n&egﬁﬁeétmﬁ@he{mafgh#fkﬁroﬁ inlefte fighit OF tAY &cqtdPPOr t ed
by i magi ng elenents resp ectlve y. I'n another arfangenent, color

filters 141- 1490% “e'hq 'wéb%oéasss%tbwe@wﬂqﬁélteré%jﬂé&'}vﬂlmhF PG AlgmenteHant s
101- 109, r espef theedioh lz%hme light g@mem@megmam@eﬁmm t6 geneBROALEINESS of the
actual arr errf?nt of th 8 ﬁ’ el ementfh {egl on, and tge col or
Filter, 1ight SPIpRImass sienal cqmpol el erciepis ine feae A e pectab e 8t ol o, and | s
i nci dent on 20nagﬁg‘|cexmn1r2£és]mﬁseltb thbligia eNthosecdnd@olatliicitiénd thadebly. passes t hr ough
color filter 143, %Héjl a'glmg elgmer}f 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.



for the remaining imging el enents, regions and color filters. The inmaging
el enrents 101- 109 have a one-to-one relationship with regions 121- 129 of
| i ght 'sensor 120. The imagi ng el enents 101-109 are arranged to form
respective images in the common imge plane 35 (FIG |A), and |light sensor
120 i s | oca¥@aog0260%ec 25 comon i mage plane. I n this cAUTEI0E0ENs sets of
three imagi ng el enents 101-103, 104- 106 and 107-109 are di sposed opposite
respective groups of three regions 121-123, 124- 126 and 127-129 of sensor
el ements. WD 2006/ Q26096 PCT/ US2005/ 028405  Referring, aln to. FIGS. | A and
2, the imaging el e%ﬁ??tm S$8 E@W?P&ﬁ‘ﬂ?icﬂ&’aéee‘f‘“‘ﬂgdﬁ tafieddtel ement s
formrespecti Vﬁc&:ﬂﬁ&g@ﬁur&'&olbﬂﬁagermel cpinpatent®fenbiard Bydhp 6& bf @kiods 121 11p35t
magni fication in i dlf er ent co | enent s
1051035 conttFplifbMSiealbintfl i selof i} oL Pt s bE RSB T o1
focal |ength awdbeetraethpdimtmagnnfwdtmppfdﬂueusaegahhdasaeguotms 121- 123, respectively,
of light sensor 12 e | magi ng
q'ht’: Eﬁagmggfg?l%ﬁtg Hffll lg()ﬁ cor]cs{lljiﬁ& lgggf %‘égmg glell;'x é R

el enents 101-103 are rom sens ance
approxi mat el y @éﬂ?atll"ctﬂoaaeh@ tifej image pfane af the %nhg@tﬁtasw@dfmag@f c4tion il ligheefgt h

defines a fi r.%hmmfférw@awr@%%e&;n@mhmam @&ﬁﬁ@ﬂtﬁo;wcﬂm fist Structured to
focus light of a first color fromthe bject to forman i mage of the

subj ect at thempgnificptiops Jhs imaging F’@Wﬂ#thl%r!@6 Fongtifutingrset 14 b of imaging clemensy . The

Ill3 %ht 30t Ea@se@cﬁ Hdv@ld?&oﬁ@ftoﬁﬂ 1e|f1gthhﬂare1ﬂohubﬁbf?g;bddi§ tﬁ@kgmﬁsg?ﬁaasor elblemstnts
in the region e sensor e i S o erable to

generate a fir fpeﬁtbvleé °fcf'iglr‘rté‘§'é’*°rs 28%"088%8%%?“"@%\’8 ?bﬁ&@%‘%‘ﬁt he i mage of

t he subj ect atscttred %darleﬁgtmﬁgiﬁcfenm tha filsbfotdd ldhgtﬁpmmgtemnichtemzl-mﬁtarwf t he

focus |ght of Paadion MLERg: 0B noPRE BurBRED e B A HRREE of ¢ he

subj ect at t helefigth.sTherseapnd foczmngtbrdeﬁmsakaeoddmyigmfoa‘tmn he second coI or. The

| ght 30, passes {hruai 6\ Anbiib) Bluddfd 8 rld I AR D8PRAZE ©f erent s

132 in the region ) _sensor egi on’ IS operable to
generate a secewugetroformlanmageaiibe sibigetal the seprdmeaguificdtign intbplight efthefisthe | nage

of the subject g tm@h.{ht f@gassemaﬂgﬁ eo@&tflummz,,nm%@ﬁ@ séorlefimehts 93 OF the

second col or incident thereon. I magl ng el enent IS structured to
focus |ight of '“éhecirﬁh‘?%?ﬂ%?ﬁl%ﬁ‘ef%@ml%‘éf ligﬁiﬁﬁj‘sé"clzot Beslmwa\%ﬁnewalgéo of the

subj ect at thegdbhst fﬂﬁﬂ&brﬁhﬁg’ﬂslg@ﬁl coRpdnB® thak E:E‘ese.ﬁfs theNRade Uit sui@k &r . The

RERRCR 8 NI NN e e TR e I R
generate a third caheimaging 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.



i mage signal conponent that represents an inmage of the subject at the first
magni fication in response to the light of the third color incident

t hereon. WD 2006/ 026096 PCTI US2005/ 025405 The first color, second col or
and third color are mutually different. The first, second and third col or

i mage si gna¥oxwapwaent s generated by the set of regi onseciZzds20i3@28468 €

el ectronically conbined to forma color imge signal that represents the
image of the 5 subject at the first magnification. Wite is regarded as a
color. The |rra el emepts 104-106 constituting set 111 of inmging

el ements form fé’gﬁlé’é'?‘?t aﬁiﬁ%{ﬁ%fseleﬁlemt% al“?‘?ﬁ%j‘é‘*'b%&ﬁ@“ﬁﬂe -coppleddepicect at a

second nagni flamn)@aasmaldmegm afifther mwabla{ybé/oﬂihxfs&eéi&%t &l BhedatesbRe second
magni fication is_ di f:nt from magni fication. The imaging

el ements 104- 1988 sslgqa ‘Bt“fsﬁcﬁ’s%t@tmcide?“'fﬁ i mgi ng el enents 10 each have a
second foca$ | engt lEacn@gion &lpn%fseﬁmelemmsédverea h&hﬁ&gj:daﬁﬁe cbiofHilled6,

tively, t 1 of
respectivel . ol ibaly A, 180 ORRIANTF gt BRG0P, O
| magi ng el enmennd 12@4381!@!@\!@11' englsrﬁétgedHZ i 4Srand] il 4ftransrein ght ofl 2@cdid calodkbst ance
appr oxi mat el y geil 12505 iy %%%gctirggatléglﬁﬁgtlﬁ? 1185088 Qb 3R oeh SNILD

defines a second nagnification ‘enent 1 ruc ured to
focus |ight ofthtfﬁ@lﬁft%@tg'o%l%rlzﬁr‘i@#ﬁﬁhﬁpe@mﬁ ebws, timeacl phthagroupsd ® 16F t he

subj ect at lﬁhearﬂqg@ﬂﬂe%ﬁﬁnéafzﬂﬁaﬁé Bdlorss doiGed u)&molopﬁuérfﬁstwsﬁhs h@%ﬂr The

l'i ght 30 passes throu oI or, filter 144 to illum nate the sensor elenents
134 in the |igk pitidferepf ffoﬁb‘h?ségf‘ﬁﬁ"ffékyﬁ‘FcPleﬁﬁmsC@Ws@S thepher tRegi on 124

i's operabl e toregigmnerate a first color |nage signal conponent that
FeSponse o the 11 gft SR HEEEor13) 5 indior e ek Btined it Afagi ng

el enent 105 i softsregidns il Zd129dasd aniy 23 seasghilenehtsa Aspdanekample@f lifht edisdr 20

subj ect to for a he S ma i cati in the
iight of o ke e At SfinRarspr HhE Tty e aS THP LA RERB L ER B Ta o

il lumnate thel29ensor el enents 135 in the region 125 of the |ight sensor

120. Region 125 is ppak ahld lﬁ@rer’%g»ng?ﬂ%éhr% @:uﬁﬁﬂgh‘?dﬁ%hﬁ ns aﬂl?%a ﬁhgna'

conponent that represents the’l secon
magni fi cation @rhaltp@stp@ﬁ@éoctnaerlt,mqus dhk angd {123 hpwe &@emﬁeﬁocdﬂwmﬂ and agent

thereon. WO 20_@:%9;%@ ARG Mfatiddas %%&%&ﬂ@é.soﬁi‘gﬂﬁ%z %g%lﬁ%4 arfdA8E hRgNSor

el enent mag ernatively be a charge coupl ed device CCD) sensor el enent
or anot her %ui WE senseyslancgfs andaye spal T'ér\‘é??fd‘f‘ﬁé%m@éﬁ'fhﬂ‘%ﬁ‘é@s&%o”ég‘%trlcaI

signal in respm3ssad fegioh27ded129/hh@ Tewer 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 Each region 121-129 of sensor elements is covered wth a respective col or
filter 141-149. Light filters 141, 144 and 147 transmt light of a first
color to regions 121, 124 and 127, respectively. Light filters 142, 145
and 148 transmt light of a second color to regions 122, 125 and 128,
respecti velwo 2005/6dsp96¢f i | ters 143, 146 and 149 transmt |rqius2@Eozs40s hird
color to regions 123, 126 and 129 respectively. Thus, in each of the groups
150, 151 10 and 152 of regions each of the regions is covered by a col or
filter that transm’Fi(g ,).i th1 colaor nmutually different fromthose
transnitted by the'col’dF?f F"E’@P@%ﬁ‘é‘\fﬂ}‘id‘sf’hé'“cPPPFé‘i‘O“th% RRfFYresvithThe
exanpl e of | i gie selensiatiaghiZidatohown in FIG 2 is highly sinplified in that
each of its regio 4 sensor el ene A typical exanple
of light sensor ng% ﬁ&i‘e'ﬂ{]ﬁd‘p@'&@ °(§f%‘°l"ﬁﬁlﬁ%5‘r?8§’at(‘ﬂ“ H‘?"Y'Pg BPisswiens or

el ements 131- lﬂﬁsclmt@lamdgmﬁ:atroegmdns 121- 129. In Ilght sensor 120, regions

121-129 are equal sion nd. ar.ea. an alternative

enbodi nent, regi ons[qzdllpgﬁéw oﬁgwghff’d% fol dmagine agpgﬁ@?w%g BiW%re  smaller
in |linear dinmensions and area than sensor region 122, regions 124 and 126
have 20 fewer gepsREpaheidibfiognd are snmaller in linear dinmensions and area
than sensor region_ 125 and regions 127 and 129 have fewer sensor elenents
and are smaller inFl§-Aédf 2 sdipmatissisgmn of pricraodimentofia nudthmegnificaionomelot 28. | n

such al t er p@t | HRgLERRH I MRAEcordaRGIvRMAShe tﬂw%gtmnl %@lo‘?‘ Rithed éRsdr §6 ﬁ'c&‘ﬂg&s&g&l cl oser

to the center of the visible spectrumthan the remalning regl
anot her al t er g clements 10103 pnd aqiight sarﬁar 128 doctsd i th"e‘iﬂé‘rm"@éfﬁ%rplaaﬁ%l enent s

t han regi ons 1&2e 1meghg)ﬂan&|&4 Tﬁﬂ%a@ﬁ@elhﬁ&iﬁs favey ea%ﬁﬂﬁé%éh?lt@ﬂﬁ?ﬁ%t:]han
enents than

regions 135 an 137 wer sepsor e

regi ons 138. A‘ggﬁe‘r’{q 8‘?{'§°r§g€asjl 8%3% )rfge'i S"’Pﬁ’éi?%“?’?‘ﬁﬁﬁo E[BAEEr to the
center of the srgrslsléoélrssmenmmm Inbident tighe 30. rmbfﬁmgmgﬁgblexﬂ&ts in-1a9at her
alternativ t 3d|ffer in area to
equal i ze tﬁje s%g%t? ﬁ) se"ﬁésll% VIt "J"%F ﬁﬁég"b Gi ons ﬂagﬁ@“ PhéPsensor

el ements in 30exﬁleglmleaEEZMmm%edohyftheaﬁfelemeammarat25 dfemageesthe spectral

sensitivity ofpy i n regi ons WO
50067 026008 PCH gz%tgog/ gg%ﬁ%étﬁe éﬁ%“g?me*maﬁﬁ”‘%?%“%ﬁ@%ﬁ%‘% of the display

in operation SRARifisafion iplight ofrautyglly Hifferspiccolpey constituie nestefi maging dlawentsFI G 8 i s
a schematic dihgracenizod by DRGiRBEAY ThoseRRE idzing R1eHBAVLE n‘ﬁtqul)pﬁlﬁEr@ntW th 5

one sel ect gd maeggn tjc.!:lt?o%g I on;, and
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.



FIG 9 is a flowchart of a nethod for color imaging and displ aying

pi ctures. DETAILED DESCRIPTION FIG [Ais a schematic diagramof an
enbodi ment of a nulti-magnification color 10 inage sensor 10 in accordance
with the invention. Color imge sensor 10 is conposed of inaging elenents
101- 109 an®@200p/gg4096sensor 120 | ocated in the common i rrEgaspeoanzs4@s of the
i magi ng el enments. The imaging el enents 101-109 each image light 20 froma
subj ect 15 on Iight sensor 120 as |ight 30. The Iight sensor 120 generates
col or image signals in,r onse to the jncjdent ht . 30. Each of the

i mgi ng el ements 16 “i%é“ dﬁ%gw‘?’ﬁ'&“t”lﬁg@‘ '—“iﬂanPWmsePégﬁ@m% betkeie of the
subj ect 15 at ﬁomanniagmopraamg%submedwaanﬁ@émalsfm@emwavimgqmtﬁde by the

ref erence nune helna maghi fi catj.o ose. of the inmaging
el enents that #%’r mr%g%"sn W %’Eﬁt‘"ﬁg§ ea“%@é?ﬁ“f“lﬁ%datfyﬂ%supjﬁctlaf gee Q?“ewt ual 'y
di fferent chl 0355 F@@ﬂﬁshbwmemgmtbwp&nanmgéubt@dedi Bymhe intaged IBaCineint 28td by a
magni fi cation. redr ehveﬁ t%ngedb glze err‘%n S htav tuallln#éd'f eren{tet 20
magni fi cati ons. i O o T {0 B‘&Pé&‘ PR’ MEMe*35 and
has a region ol‘lllan@tetelahts@m&gmg ellemﬂremtsllzjrespmmdr, atpptasddrﬁzeﬂaﬁelwmgf t he

i magi ng el erren{h&anl:@ gi'fr?u%?ma%ﬁ)ﬂﬁe 5258 Rso sxld“%'fhte aé@géglfbte%lﬁee Y, the cher ates
an i nmage si gnal conponent represents in one
col or of |ightlAjimage PBF@W@ﬁmﬁmﬁﬁatl@ﬁoffm@lag@gr@mﬂddWS¢tllg¢wfvséﬁsor 25

el ement's oPpOSine ik céifen sel (MG ASmS!REEHY ool Pl E@'o\h ghapate a
color inmage signal sg,esents the inmage of the subject

respective naglmasmeslﬁmwar B} wd ¢t esmctivelys2005/ 028405 As used inthis

di sclosure, the magfg, f2'.§ﬂ$;k&;ﬂbn%fvze%@oﬂtﬁmgﬁt s@ﬁsoﬁlz‘élébhﬁ.%&.-ﬁ%éplﬁcﬁ%nﬁé‘i&e“ to
mean the ratio of the angle subtended he |rr%_ge at a dar di zed

vi ewi ng di st aniigge segsog 10 ingegyrdspge ‘Y‘Th@rﬁﬁtﬁﬂb‘é‘“ﬁq“é hesigvegtiop. tlight gangare
subt ended by IMhMb@ﬁSO%mﬁdﬁ&gﬁr@ﬁtﬁB@l §335sen46}&eméx% sleyss1t he angl es $w,
5w, 25n 25t respectl vely, fornmed

4n and 4it  subt ende

by i do- andf o (TG gL pbHc TREE S50 APITAR § G GUBRBAR oom 111 and
tel ephoto i rragiZ‘ngQbmmtcl&ﬁénts]airﬁngeﬂeﬁbﬁﬂijons&ﬂfacﬁ 140. Iﬁ.l:gﬁtae’tdc&rldemsd Vi ewi ng
dlstancedfro FIG 1B al s he an t ended by
the oubj ect  1BERIIRFIE & 3faskisien S kel i Rl or B Shedtach o

produced by sellt‘-glmsmbm%sdem;ﬂo@ecbnfglr@twgmwamy of samaelements.eBrokénllined nor mal

i magi ng el eme A0 f Ny t 4W/0 $n/ 0
and 4t 10, resg}algi'?l vel E&%E%égfa% exgﬂ]gp?@%ﬁé‘t&?%g%}l g\;ﬁ.@%g aﬁlc?% t"%Sensor 120
of a nulti 2angqqpq‘or @lggmn@m?@mrqgron 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




i mge sensor 10 in accordance with a first enbodi nent of the invention.

Li ght sensor 120 has group 150 conposed of regions 121-123 of sensor

el enents, group 151 15 conposed of regions 124-126 of sensor el enments and
group 152 conposed of regions 127-129 of sensor elenents arranged on its
maj or surf a¥e@2046096n | i ght sensor 120, the regions 12CThE3005/0283€NS0r

el enments are arranged in a rectangular array and each of the regions
121-129 is conposed of a rectangular array of sensor elenents. Broken |ines

i ndi cate the boundary of an exenpl ary sensor e]enent 131 | ion 121, an
exenpl ary 20 senso?n%‘Fg’WE‘r?Fe Wnﬁﬁﬁﬁé&g e'ﬂgi‘?'"&‘ﬁmgﬁ’éﬁ‘ﬁ'?t%}@’ Q’g%%FOBa ement
133 in regi on thaJpormeimagexdiiphesaye aegnifaticnlie e drech3Ad biGe Nghf rd3peciiddy, an
exenpl ary sensgQr in reqion 12 an exenpl en | enent
T36 n 1 ogi on PoatETREYicelinldhe AR notimi@eSiSRER: AL RGRE Ts buy
exenpl ary sEnsfrm ghagaewith theRuriemagm §éation ih28l, graerchnd blue Lightpkspegtivelgnsor

b aare SRR R 8 oot RfiBhs Bl Ehole/iREAne AlIERIAR 1BEY OKST | DE

153 indicate 25 t oundari es’ between adj acent o he ’'sensor el ements
in each of thel®dhyt Eywg imapes withpthe same mageifigption in rpd, igteemangfbluettight, enbodi ment and

t he enbodi nent ggdasely Q&Qtith@'a@%lli&ﬁmggi@a@én?éﬂ&? nunmeral of the exenplary
sensor el enent in each region will additionally be wused to refer to all

the sensor el ement 40 light sgrgor 120y regions 24 o172 2ah b30f light semser efements ars dispaseibnt ar v
he exanpl o s Bl A A o R and 103
t he exanpl e shown W de-, e, | . ng el enents B an
that formi nag%'guﬁ\/\;‘sp ﬁf?ﬁ'gnssg?ém?f&g?fﬂ?? E@tﬁzgﬁpﬂlﬂgﬁéﬁr clgpensieradizposidue 1 ght,
respectivel y, oppoditshonat ieraging elemdnisOl 08105 amdyiObgrespeaivelng mid condtitil l ghatd@gi NQ
el ements 104, fo [ s wth the s nification
in red, green %ﬁg’f%&ég&ﬁ%ﬁ{# ;ﬂzr? ’e@%gg{ @3?@&??:eg?losff!épﬁ{}%arﬁggiqsé@‘%fmg? i magi ng
el enents and tlelepiphromagingrelehents 167.di38 atdsl 09,0¥speti®dy.and condf@ite b igatp 15rof | Mages
with the s i Fri j j1n r j jvely,
Const it ut o . sepolty JoEFbAlINf1a0 St 123 0P Ehe it Befint ity 190 GROFEME DY 5
122 and 123 ofset [§ief wislersagle ivagigrelamentygolectivelp seyenite ajglopppes signal wi de- angl e
| i ng_ el eMenfiekfiing WAde A AR of HESRREL I HE e AORPONR il 0T OUP

0

150 of regions. Regfi ons 124, 125 and 126 of ilg sensor el enents are
di sposed  oppo81eEeotils sHbipct fisHial Pioduced buths imasipg glememsingetd 19.0he regionsect i vel v,

and consti t ut e12a, P5QHP126L8 lighd benk@ GlcMbits inBRBIb QMBopbasite tHed& 1306 nbafa1of | i ght
ing elenents 107, 108

sensor el epents are di srgs25ﬁd 'O@)]{OOSi te t}el ephot o f mag

and 109, r&%plPpRpigmentsoliecindy ganerals agolgrigiage signg! rgpreésenting 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.



15 regions. The regions 121, 122 and 123 of |ight sensor elenents in group
150 opposite the set 110 of wi de-angle inmaging elenents collectively
generate a color inmage signal representing a w de-angle inage of the

subj ect. The magnification of the wide-angle inage of the subject is that
produced bya mesaetgi ng el enents in set 110. The regi orrcTAR2¢b5/08265 and 126
of light sensor elenents in group 151 opposite the set 111 of normal 20

i mgi ng el enments collectively generate a color image signal representing a
normal image of tg_g subi ect. The magnification of the normal inmage of the
subject is that prddttegingglemendos isaiiciedd Suslight of g thigcolpy fomthee 1 egi ons
127, f128 i’indh]ﬁlgjeafto foiry i inlse@asnne @bjedlmlfmhssecbdla ﬂgﬂﬁ@ati@5&tﬂ@ﬁ@§{:ﬁt& the set
112 of tel ephoto,inaging. nts _collectiyve enerate a col or inmage

si gnal repres eth'ﬁl ﬁog‘?ralrpgﬁléﬁﬁﬁaﬁsef HEqyeh gilor i(tgr ’éﬁg‘i‘gﬁrf“.“a“fﬂ’@ TSRSt i on of
25 the tel ephot3s in timepgionfl26 bidighidensect20i Regitral26[y apetable tb dRyierhth @ tHirdRglong

el ements in set . 2006 6096 PCT/.11520Q05/ 0284 The. i magi ng el enent
106 is struct ure géelﬁ%na&b%n@gmlnftqg%%twpgfsenés ip? Ogo S&Jﬁ%ﬁ%etsﬁcém%ubj ect to form
an i mage of t heamiflsptiswtin eesponeco the dight af ti ghind colocindidant thereothe | i ght of t he
third color. The i B'E’Sﬁ : robl il pm nate the
sensor el enents _ ST%QEFS?%% e g_glll?rgﬁg}fglgg%%nﬂc&ﬁk’&{segt%@%négegg)yls%ggi on 126 is
oper abl e to gewEpatld4d2¢ #F elgctiopicgly combigerkto Sorarpeiolog imrgosignal thatirenresemipr esent s

an i mage of t he MRk 60%e bjckAehS ReOHAGNIRGRIbA.CAL i ON I n response to the
l'ight of the third_color, incident thereon. The first, second and third

col or image signal TE®IMEIHERETeHRHEIIP eepstifytingset 142 of imagingelemensfornys 4r e

el ectroni cal | yregoetie ifgted A tHeQmiBePlaaObRke dubRERt SthEdAbgriftatiod iRNERSENtS 10

the i mage of the S bj. ect aoi th]ﬁ1 second na mr’r@ f@ti on. _Th@ i ma i‘{r}g el enent s

107- 109 consti‘f‘fﬂ'?l;’](ji'fgeéet“ti Fs0 °i“ﬂ%‘?gﬁ’&“§ﬁ'§ % PEHffing Eff'é&& e i mges at

t he i mage pl anieagihg tieertydapieiive athird fachlilengthrand Arie hositivheddappbdite kHe@dpions

nmutual ly diffe col or.s., The i magi | enent .7- 109 nstituting the

set 1127 of 1 | ni2artas TpRi st b fak Rt BuERBl R IR ein 3R R C

posi ti oned oppUOwithisl foédaélenglyisalifferehbirdiR the fi2@ focaldemgthand the bacondofbeal leggth. sensor

120 that consty | | hli focal length
a ol pifmbld {61186 G Bpafetird] enf AEH OBSor 120 817 dillhdcf g

is different fromt st focal” l'eng e sec ocal | ength.
| magi ng el enerAPBrOXIMtehTualteths fhird fasalflength Thethird Gieel lengtslofines athildy a di st ance
approxi mat el y eghéicaddg. the third focal length. The third focal |ength
defines a third nmagnjfication. 20 The inmaging elenment 107 is structured to

focus 1ight?of a fiTRsimagiseglemert 4P i Ferctusdip Bevs light of @ first enlonfipmgbe of t he
subj ect at t hesubjéthslforiR 8iinfak€ S thediibjbdt af thethlrd BRiniRhtidnE thelMlof 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.



color. The light 30 passes through color filter 147 to illumnate the
sensor elenents 137 in the region 127 of light sensor 120. Region 127 is
operable to generate a first color inmage signal conponent that represents
the i mage of the subject at the third magnification 25 in response to the
i ght of t YeOR6A8I60%0| or i ncident thereon. The inmagi ng MTUREESHINE | S
structured to focus light of a second color fromthe subject to forman

i mge of the subject at the third magnification in the Iight of the second
color. The light 30 passes through color filter 148 to illum nate the
sensor el ements 138 i“ﬁgtnﬁélemé'ﬁilg?ﬁsiwﬂ@dwfogmligb@fﬁdﬁfdmbrfrﬂegieon 128 is

operabl e to geapeai®fonn 30 int@6 MMk KRk bt théBHE makdii@liotR MRANR ook e
represents th Inﬁpe of the subject at the third magnification In response

e. the . .
to the Iight ofehf#{EPasses thrryeh ealos filteréP edlyminpie the o v 639D e gesion
PCT/ t | S2005 02£2405light bisdr @ Kot || 2978 Berdblo igénefild Athitd dobtrl ihdge kigeas | 1 ght of

athird color fromt subject t.o forman.i mage of the subject at the third
magni fi cati on (ioﬂ’pf’rf?gptﬁ?{ir?p&és %Ir".“agﬁ?éme Is'iﬂ’é‘}‘f{ atgﬁ thyrdraagnificd}{op infRsaoBicor £l ter
149 to ill um natle lightof denlsickcokk mnidat thetk@2 in the region 5 129 of |ight
sensor 120. Regi on ' rabl o.generate a third co I, mage .si gnal
conmponent t hat rep;ré%lzrr% gecg'%eﬁnﬁgggc‘%l?r lglﬁ%c Ségﬂf)lj QPOnSEs B4 ra{eﬁh{ h‘e 3ot

magni fi cati on regionsd2pdsare elearopidlylcpgbitedad farhe coloi inclge signal thatmepirebenmts

thereon. The fﬂxéﬁageﬁ@ﬁgjeaﬂgthélﬂilrggxg%%cg{iorj. mage signal conponents

generated by the set of regions 12 are electronically combined to
form a col or i mageTB¢ ¢phexiimagssenserd isctBusicepable phforhiag inmmgereofofsutidse Bwbj ect at

the third magnishjidatel hed i\RisC Thdinabd BB EMRAEs AR fhmel BUBHCARRRLAy OF
form ng i mages 8"' a subject. The imges are formed In set's. The ITages in

each of the secl‘ TEI GOIPTS AR VE the FAmsriaeificatige.uBhe ipagep lifferin eignifetion s and have
the sanme nagnidnopgiteed. ThIdr iMREe Senshrflb Bralsb QapIBE BF deh&rddg MdpecBiDRILt he set .
The col or !ﬁmqe sensof . 10 is al so %?];l)abl e _of %e erating respective color 15
i mage signal s TASTLEIAS TLESROBR SNE! Yitheshis oEimageso £ hy golns dlage pgRAlysPISEn rage
si gnal s repr eskedubjetthea esfger®emagiifieatisrespect i ve magni fication. The set 112
of imaging elenents, | ed.farthest f om'gh l.i.ght K sensor 1@) rqyide the
hi ghest magni fi cat ?lta)ens.ﬂ9 F]n Ogﬁnaéﬁg éﬁ% 5nrt§/l{)((‘:a(5‘fd ?'ﬁﬁeﬂé'gg' lgeelf%lgsref’sof FE%"["YGl 10
conposed of  vhaEghmstghagnifinaiigh.nly ae kxamphitscold imdee Senserotié ske 810 ofnposed of
magni fi cati on.;dhe 885 % Hermdis8 &Zg YOI Teld 4 q@g; | nts 104-106
provi des a secolnd r%‘g"gnf ?%z_ﬂ?ﬁ%ﬁ OFR p r]ogiamajt gi? mfi. i iplgrr.%get? e first
magni f i cat#®n.compesed e nommal imagingsimants 104 Woepsiisena sccondaagnjfiestiomet s 107- 109
provides a t higpgropia@iiy i £athds@ R nABRAKbABER LY 132 SnldolR St £fifhoto
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



first magnification. In the described enbodi nent, the sets of inaging

el enents are each conposed of 25 three inmaging elenents arranged in a row,
but other nunbers and positional relationships of the imging elenents are
possible. In an alternative enbodi nent, each set of imaging elenents is
conposed ofW® yWp02p%nore | ens el enents havi ng t he sane HCIAHR00B/@I8405h. The

| i ght sensor 120 has, for each set of inaging elenents, four or nore

regi ons of sensor elenents each having a respective color filter. In this
alternative e ch set of 3 rns respective

i mges in |i gﬁg?‘g?e“?"f)ﬁ%“e% S BT dmagssigRt ?g}‘atd%f’?sg‘?‘é'ﬁ"fges &gﬁeogl'*‘g'“téhd the WO
2006/ 026096 PGEpUS@eﬁﬁgrﬁﬁ&ﬂﬁiﬁ Ahwtgehtemsmﬁm hgaiditiaiabstsodin@Eing BB@EntS| gnal s

t hat represent f ot .l tive ni ficatjons. Another
embodi nent hasEAé:gg&ﬁogﬁa ﬁ??ﬂg%l% S‘Sﬁﬁera eot?rg Sospe g%waﬁ?f&w"l’onal set of
i magi ng el ehenimggd Wangpétha lxibgect a arf siditionad s guficatien mrhnalg@ﬁmamallyh&tf&cdt mage pl ane
of the subject. g an additional magnification in Iight of mutually

different colors. FIG 5 is a block diagramof a nulti-nagnification color
i mge sensor 16 i nFlGédvs dekdinguam of agnuliemagnéificetidnsdlonimige sehisor h@ini nvent i on.

El enents of th&c&@.ineéwameond%emml@ﬁhmbma&{ rESRARG e Abaheg S of the
col or image sensor_ 10 descri bed above with 10 reference to Fl A | B,

2, 3 and 4 ar S IREICHPEHTIRIH P PoRenb e relpdmagrcsnsay Hislesaribedabavaitn  not be

described apai mfehassao FIGY. A, lm@enamaﬁeqmcﬂa&dmaﬁg ﬁetsasnelaterencma&me@@d 112 of
i magi ng el enent |n a processing

t se s ser

modul e 165, a @ ﬁ%‘L?‘gEi%"” ag@l?t [?t %B@F‘cmaﬁeﬁf S°élgF3§ﬁ?t%1§/wnb‘dLﬁ“€ 1138f and a
bus 185. Bus h&iﬁgmgﬂtmr@ﬁghmehmrIlt(ghhseﬁhpﬂ@iod&ﬁ@ﬁo b ipRctssifg mbduil6sedul e
160, the processi dul 7 ok oyt port 175 and
t he displ ay rm'a?ﬁwrgi 0™ Bl adlig%yg}?gqg catngf‘(tf"éﬁhﬁéb#?%@%i on or an

opti cal connectmemnnnet_ts@ghtswmsw tl&xﬁerg@mencmmbdﬁaah«prodeMgmodﬁlgm thet hat
represent 1 1 jf i G i descri bed
above wit hlﬁgg%%%eﬁf %HEF@&JO?XS@? ﬂl§ d_gsﬁ%f ﬁ'&d@%at Eg?fﬂtglnfag% %g exanpl e,

the |ight senstgctricgiFomgetipntosancaptienl conmegijen.si gnal s. I n other 20 exanples, the
light sensor 120 oyfgRtlessol m%enesataraenhr ﬁﬁgm@ﬁmrﬁt reg\dgéeﬁnm@ée@ oﬁy%ﬁauent y

el ectronically conbined by _the processing nodul e ah ext ernal

processor ( notWithsdiierent mta@‘ﬁ‘@Fl?ﬂsébﬂ%?“bFﬁirﬁljée YityisEreapceta FiGS A Avh B @nd f-epr esent s
an imge of thg UGz ethrhple, tid [ihi ERLEMND oBB@S td1orGRARgeRRnals. 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.



The user input nodule 160 is structured to receive a user input 161 froma
user 25 (not shown) of the color imge sensor 16 and to select at | east
one of the color inmage signals in response to the user input 161. The user
i nput nodul e 160 i ncludes one or nore processors and/or one or nore

SW t ches. WO 200®%6®26096 PCTI US2005/ 028405 The user | madtusi®i/oersass be i nput
to the user input nodule 160 when the user enters one or nore keystrokes on
a keypad or when the user rotates a knob to indicate a selection. In one
enbodi ment, the user provides the user input 161 to input nodule 160 5 by
pushi ng a button t Sherisepings 1G] msnke it witkeyisernprbredule lﬁgevhenﬁevwrs latter

enbodi ment, t hetersaie of Mete kays@Ske¥\bi £KeypAiRE Hh&N thd (BABAtel PkfbbIPindikate £t OF €,
process and/ or g one or nore of the itens in the nenu.

utput b ecti

I n one enbodi n"ﬁ‘(‘)fft“’"t %%‘ﬁ cl"H?ﬂfrtt GHSEfPrYidegthe pser @P‘l‘tdé’c@r"éﬂﬁ“t edulelf8r at e one
or nore meycbuml@'tﬁﬂtﬁoamdﬁsﬁap@ﬁﬁﬁl éndisph@ madgE 1800 Pk thislifider enlbiingeamand
signals are E [ Lansm ¢ éﬁ?ﬁ Vi a Qﬁﬁﬂo variousﬁgﬁgp g? t é devi ces,
such as, a lig srelﬁs es lma%cég'ﬁgﬁsé B gorpgroce PS/D“F}‘E) Y out put port
175 and di spl aplestngoheorkBds oithnikesctiedie mew. t he bus 185. The user provides a
user Pt 1010 SeheShudnReflndBEAALnbll: |RIRSLE I o ooLs 110
Addi tional |y, rtnrrecmrearndmalpm@cﬁp@ree@th@éqar mmplﬁtl Iﬁchagéblenﬂls ame or m)re
of the inmages traBQﬁﬁ?tﬁe ¥ bis9s &%ﬁoﬁ%%ﬁes o%&ld@%s,%&c%a? \% 91'13@19123I ements for

storage in nmenory Addi ti onal K user n%sg user input 161
to select one RS‘PcefFﬂ\gé“QS‘f"etl% MeRgEed W@P?ﬁ@ﬂlﬁi/a'ld p ét‘@dlllibgo goppeciedd 112 of
i magi ng el ement smefbas 193Ut put fromoutput port 175 to an external device
(not shown). Additi naII #Fge user ﬁgﬁ provi de a user input 161 to 20
sel ect one or nore ?“SF ovi 68%"”"8?“ toselegt pre & &poce oftthe images foymed Bhent s

110, 111 and tAdRisfiae, 1mmﬂssmgna@mgaémmsﬂmlwsrmgluisﬁaﬁﬁ&uleTm sel ect ed
col or inmage; Si t sens ed vi a bus
185 The. p oo ABRicRaRE 8 e bbb B BENARN 10170 Ll O g e 1 o
col or image sﬁogwdlbstlwuetpmo bM and ¢t of Sreagingreleib2ts fmstotage inmebindory 1702 r ecei ved

col or i mage. 1Al 2ie BLPRE? Hhdk IS 113 et hUEST uk GniP! ¥ cOf o

correction to one O SSI Nng
modul e 165 i ndbumbddy theeetot 1 Grblrlang il Bod smaging. elemcmeéssutng ﬁommutapoltﬂss has

capabi lity to per {94 HWI&:'(]RJt eownPCmﬁeﬁauﬂq@us@m S6® 4 B& ifE 161 to
conpr essi ng the 1 mage signal conponent I'mage signals
converti ngZt heselect one or more of the i 1mages 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.



color image signals to a JPEG or MPEG format col or imge signals, etc. and
summ ng 30 and col or correction processes. W 2006/ 026096

PCTI HS2005/ 028405 I n one enbodi nent, the processing nodule 165 is
structured to receive transmtted conmand signals output by user input
nodul e 160.wWo een®o®nbodi ment, the processing nodul e IFAS005H0z84est ured to
generate one or nore command signals in response to a signal 5 fromthe
user input nodule 160. The conmand signhals are transmittable to various

devi ces, such as, light sensor 120, nmenory 170, output port 175 and displ ay
modul e 180 connect®eneembpdimens fhe mrassssingapaduly 167 stustusedin sceivetensmitted or e at

| east one of t&mmh@igndlmqm@@é}aﬁpﬁt mdERADI6Y. In]o?lgemﬁ)dﬁﬁé'n!‘%%&gs In% receive
all or selected ‘ﬁ'é fGSOf t‘fturi%ol or i mage S|%nal s transmtted via 0 bus 185

responsive to '8° 1P SERRRICUF OR Oy Sepmand signals i feppnss i digrabn t o
store the c®l oftorh nﬁg&rmpgtnﬂddsle 156 NTHe Corkhhd sigahlbl&e&a&ﬂﬁttdare 6 Rdrigug e o r y

one. enbod ment SV EnBED < Ty S o Pt ks s i el Bomana

signal s out putccrbswctﬁgmthehpuBS nodul e 160 and/ or processing rmdul e 165. In
e oo Mot S MR B Gl lord A o8] SIS oF il ol BleRy8! and! of

del eted from nmenor responsi ve ”15’9' a user
i nput 161 i ndi FAtis qﬁ@ctulgéro fS@lVeeltl possleged enas ofishe c@h)rtmﬁgp el’gmal&;masmmﬂ’m del et e

sel ected  g@! Ofusil BRQEHoRdiHBh Sser Hpankﬁmdmghser Q@Qtn%nsof% g@&w&&e&g receive

the selected color inmage signals transmt Vi a responsive to a
sel ection at t9ooriraage sigpak tMesraa | 79 inchiles qe opmarg memgryidsHigtsesutls®, i s

structured to @adogl a%b’esﬁm&h&}m meaa-%ﬁlpmﬁﬁryt(ﬁomcm Sk etbSiiddnt, nfa@ty one
col or image S|%§al srugeﬁgct ed, Additignally, 'if the user selected to display

nore than one tH S’ée‘é?l"ﬁﬁéqsm‘tfe SO signals, optiRnt BY Yssbinpet modyleé¢tr ed t o
si mul t aneousl yandloSﬂ‘oeaﬁsmmﬁ@iuteham In@ﬁeedﬂioﬁtmthesdld&teﬂ e@ﬁeaaer in@gessgdn@i6t i Ng nore
t han one co] or ule 180 is
structur ed?% 0 arr%%gl veds%"?’g Fﬁ“*‘f’?é’a‘ %‘W% r%ﬁp&%g%o “é’gpnﬁﬂ{{f)‘ﬁ'fa SESA: | nput
nodul e 160 anddyorusgriceie bdiimticatimgustrescléGon afiah dpdortib stievy apl/atdelee seleared t he

di spl ay nodul e g&gnggg%%g)ansm ve to the one or nore color inage signals and
recei ved conmand WO 2006/ 026096 PCTI US2005/ 028405 Qut put port 175
is structured to r Q;S!?iavaﬂlHel@e!i gortugd dokaiveitireglectsd aptrafirsage sigmdsri tt ed vi a

bus 185 respongiyfitbviftudS85 rebdRYe b8 LeldcBOl £l 88 ipathok® 86! bR’ an

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.



option to output selected color image signals to an external device (not
shown). 5 Alternatively, selection can be nmade on the external device. The
out put port 175 is structured to output received color imge signals to
one or nore external devices. In one enbodiment, output port 175 is

st ruct ur ed wm2mweewivée i mage si gnal conponents from t he pdriugbicsamagor 120
and/or fromnenory 170 and to output received i mage signal conponents to
one or nore external devices. An external processor (not shown) within 10
the external device then electronically conbines the output inmage signal
components to f or PHEHPOBL7HissEucEedse racehugibe selagiad paor impge siseeler nal  devi ces

may be a persapaimi@RaHiRM185 RspdMve 18 2 & InpRN8NGidRENR W SeleBbiSsttah ONI C
devices with display capabilj t}/. The transm ssion from output port 175 may

be via a wir SPHUSoOBAMSETiesrolos ifpage gignalsip m extarahdsyice §108 hoWabnmruni cat i on
system for gelAitkmtivel? sdi@abiesh 08)hadeldhbhd dxani Nt e, Othelout Rrtipsiis port 175
may be via a hardw red conn a cabl e connection to a

ection, . such as
conputer, a caBPRUELRRUPEs FBeeivEd C‘Q?f "é‘%‘"‘é‘fgﬁa’f ©,086,0fore BRI deviges-dn@Bhinect i on
to a tel ecommeniboditnestouspis & 7S icduuctirag toneddive Migga sipeil vanigotents ftadcik ar ea

net wor ks. The ,cpnnect j-on tel eco ni,cation syst.em may i,ncl ude | andli ne
ighfgiedn 140 hadrGr fopn Mpmcey TH0 ahdXd ol e P b enal o o

and/or wreles enbodi
si mul t aneous| ycouhgbrients tosonke hemgrelewerinadiededsoAn extergad proséssprdihag shoern) Wighipr ocessi ng

nmodul e 165y, t ' : u . r any
conbi nat i oln0 t Egerég%e?ﬂ @ﬁ“’%ﬁh@?t‘]"g%y}? lr?rig{rr\l%[ﬂﬂ{%g g%&i@%‘%%ﬁ"ﬁf@%ﬁégusl y
del i vers sel edpatorgsr mereicalgyimagdsigdlient s, whi ch can be el ectronical ly

conbined to form @L,LQt-Plal HdVREEMS K i) Ssi 65, the
di spl ay nodul e 180, ne&?g{a 170 ?%15 Ot?lfgﬁt co?)@tﬁte’g%gﬁgﬁgég%hg%%g!jﬁgfi on
a|

ther eof . FI GS.clestgicdeyifessiidhditplaypanapiint dhe kasnistion fm eHeItgert bisdearhes on

di spl ay nmodul &/ia al@feidsk cdnBedtion Sehta, WAFT @GEIINRS: JdmBiunicdtRH bysldhlfordelliger | nput

nodul e 1601 FIGS. 6-8 are inten?ed to der‘rq??tra%e_exen‘? ary user display

sel ect i ons!andeRPUCRo The fRRTTHsSEER (f9myputeus Rof 17 My bepvia hardwitrd senmssiionso \wo

2006/ 026096 PGu¢hla3 226l £aMEAdD to dFdofdputér, & Sabk comdevALd 4 cticABl Memad t he

di splay nodul ¢ _180 in o[peratt(i)é)p shovwn@cqﬁa of the subj e%tg‘ with three
p

i ferent magierseaa oot oSl s Pt ofeRs i fasd MR ol oy ar on
181 that is sdombmtantvankso Thx empictioytoditd@banusicationsys@s M dnclidd Bindfeand 184
for simltanequsiv.displaving pictures of the subject in a wde-angle view,
2 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.
30



normal view and a tel ephoto view. The display nodule 180 receives col or

i mage signals for the subject in the first, second and third magnification
along with a command signal to configure the display area 181 to show
three separate pictures in display sub-areas 182, 183 and 184. The command
signal to &untiogoreesst he di splay area 181 to show t he t imoaarsi@spsadsur es in
di spl ay sub-areas 182-184 is generated by a user input 161 provided to the
user input nodul e 160. Display sub-areas 182, 183 and 184 are positioned in
non- over | appi ng re%i ons of the display area 181 and, in this exanple, are
of equal or al nost &&dfag‘ihi@“cfﬁéfawo@l@ﬁdﬁﬁg&f@%"éqolrséyemem!omwowhgtahe

subj ect is shovewdens tht &M@Vwﬁﬂhm@&%eﬂt%mfbﬁioﬁ@ﬁff@h;sﬂi% hERiSggnt at i on of
t he subject is. Slhé) WE} aﬁe sub-area 183. The tel ephoto representation
inflgdeg A giiplay et o

of the subject a5 segmgnted it exemplarydisplpwspbwrrss H2eH8 182,

183 and 1845 aramdrl&cpfoesmmtzﬁxbmmﬁ dBplafInGsittiHeeolihsiabad iaideafasviant are not
s.a s(ghematl ¢ di agram of

tended to b t
the di apl ay ot Ve A SsbilGyiel TR rogile otsSoee edmamabesinat
t el ephot o r epriesbesdbiscan theffi r:tt,h@:osuuiu]demtd magnificgioh amngwhh f&ofinah8 4ignal ke
di spl ay rmdu't% ? ﬁl@ﬁ@[&l 8?%|s%w{hrm‘g%para‘%l %fr% @ma {]}1% egﬁjﬁe subj ect

at the third ma I catl o conman ti spl ay
area 181 to sh ﬂ@%bﬂ%ﬂ"hg@@lm@dé:@!!l@comfgdrestmcagplaswbaasbmsﬂcﬁﬂtheiﬂm conmmand

signal t0 @PNThiGiteintplafliblkay 1 B8R ickierkh by 30Ny :ggamww pPl cture in

di splay sub-area 184 is generated by a user I'nput rovided to the
user input nodierdnepsmodyis §0-8 js a schematic d| agr am of the di spl ay nodul e

180 in operation spapiapGubadicas 384, S§3al |lﬂéﬁar¥\ﬁdélt191fledqﬁ ﬁcﬂinﬁ%ﬂd}?m@r oﬁgw e of a
t el ephoto reprtgeyg:g’ﬁatl ngi)f t he subénect in which I cture occupies the

conpl et e di spl W qrepg 31 anghin this eample. asgefgaval arggmost %é'l%sﬂ%? Wide-or i mage
si gnal represemgliemprd:::hﬁtﬁhlbﬂﬁ@iubﬁét id SAewd MidisPlafBdbrdal IBAL TIRMoAhANY 30 With a

command signal_to confl re.the 181 to_display the picture in
Che Total (0 JErOSRBSE teEstas SusRudluty Strent Uity Spllo 167 Prhe

co {nhrand ﬂ gn?lrenrcsipmmmthe subfjdesis chios/p liregispayaab-ar84 1 340 mdﬁﬁwsﬁﬁ%ﬁeM?Bﬁglir e
withinall o rea. user. in

provi ded to thltegggﬁsiesrﬁmea%pu?sema’%?émi%ﬂgg@ i Sugﬁrga%aﬂgg |”Wéﬂtfndoaf?eb°user can
sel ect a bl anKimitnedto theamvgntiingnal , whi ch bl anks display area 181 or one or
more of the displayyly ﬂé%ﬁtl&&ggranlgﬁhgﬁl Lﬁagf]‘nodﬁ@ Bﬁﬁaogprlaﬁdn sﬁmﬁlﬁ%gne rmy

pushaclear-all button to clear sin
exenpl ary 20  picture with a telephoto representatmn 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



case, a user pushes a clear button once within a preset tine to clear

di splay sub-area 184 of a picture and the user pushes the clear button
twice within a preset tine to clear the 10 di splay sub-areas 183 and 184 of
pictures. FIG 9 shows a flow chart 900 illustrating a nethod in accordance
wi th the pmasmmén260asventi on for col or imagi ng. | n bl ockcafiRzoosnmgess of a
subject are fornmed. The inmages are forned in sets differing in
magni fi cation. The inmages in each of the sets are forned in |ight of
mutually 15 different colors and have the same nagnification. The inmages
di ffer in nagn?ffdiselay pen ! 8lakhaepnmand sigrad to qopfiigyreshgdisndpy areg I8bioshew thee col or

i mage signal igictoRNGthtaBf b8 disFaPRasE1 i efRatd 18fa usti@us B 15rSidel IREES
representing the subject %@ the respective magnification. In block 906,
optionally,|ﬂﬁ%¥?ﬂﬁﬁmgﬂ%l ol or image signal is selected. In block 20 908,

optionally,snore thashe@r@odlinertth€uskiScad beidel AM@ftingRomASRIBLHE!, WRiceBlakksof t he

col or image si.gnals ected. This, di.sclosure ribes the invention in
detai |l using iﬁh ] tafeﬁfl?{/g oé'ﬁﬁr()'a‘?rﬁﬁitf‘%qmpquﬁsfjﬁiﬁga Pﬁ@én?‘i’r&ﬁa'ﬂg 'fned by
t he appended cuses may push aidiéar-hil buttoa th dlar slhgictpreeini display aved t81i. N &edplagr | bed.
25 W claim 1 i rising: i i.ng. el enen each
Struct ur od to Fap iy Plenbeiiie: GEREGlee AR LS R  RELBRLRERED I, 3
respecti ve magtfiafpictuae andrthe werepyshs$ the blearibpttayi twige avithina preset tioe ta ¢iepr theespect i ve

ones of theyi NRGRS Ub-hBast1RS 2R of RGNS | Cation in light of nutually
different colors constituti mrz; a_set characterized by the magnification of

the i mages, the s&G dsbowsiglomshad PO illepirptingaserthosimrrariansg vibnibe prgsent ght

sensor | ocat edipidhtib@r édIRGRagilgane and conprising a region of sensor
el enents di sposed opposite each of the inaging elenents, the regions of

sensor el enents oppPeGkI92.dmeges g2 upject agrtarmsd. Thedeages 2w fumedingetei ng
operabl e to gedifféraigtn magnifich®p THE fnalgéh ih k43 bf thSekshed fornidd @ BEdbof rutha@§pect i ve

OOl 171 8 SRASEEA B v o et e vl oo
regi on of the semgdesetel enents of the |ight sensor and independently
reading-out a res P&E él!)c\{(e%&),nﬁes%ctilvp golc%'(?llné)g% signal is generated in response 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.
25



| mage signals representing the image of the subject. 2. The col or inmage
sensor of claiml1l, additionally conprising a user input nodule operable in
response to a user input to control selection of one of the color inage
signals. 3. The color inage sensor of claim2, additionally conprising a

di splay nodule connected to receive the color imge signal selected in
response Weckime: user input and operable to display a picture in response
to the selected color inmage signal. 4. The color inmage sensor of claiml,

additional ly caonpri aldmg)rangg@gengapwompﬂeﬁgl e operable in response to ? user
I nput to contr | ne_,of i ¢S gnal s;
and a displ ay %ﬁﬁé&%@ﬁﬁ%ﬁ&lg&”ﬁgap ega}f’v%rmtﬂ@né'g?%‘? pﬁ%ﬂﬁ ‘EP&% A& sel ect ed
i N responrsgettdaving mmeatlmmagamdatmeoxaéslcﬁ tme);mi:gmlaqmemtm&trhm;ﬁousl y ]
pi ctures ponse.to .each of the selected color.i e nals. 5. The
col or i rrag%pgétﬁ%oom 8Pf&'fea{mﬁgﬁs with, hehs&m 'Bﬁ%'?'gc@%ﬂ@!n Ighﬂaﬂﬁ}wa@berabl e to
store at Ciffesnt chlerssehstittiie) & ebtahaiaviegized by trel magnif&atidinef thelimagésyage sensor

of claimy, further conprising: a processing nodule operable to nodify the
col or i rraﬁ@ sgtgybpaying mutuatiydiffeeany maphifigatiossnsor of claim 6, in which the

processi ng nodul light senslseloeattadweihyé IPRGE ﬁbheahﬂlcﬁrﬁpmsrég}oﬁ fescnser | nput to
dify th [ e _sensor

a7, ElES EHod Rpotfln & i abina bierlclis 168 oS ol | cast

one of thé&lefaAnts opmg@ egcfgﬁfathg seﬂsrttﬁrmamm eleinentsibeingeopseatdoto gangrate, out put

the at | e%FesE&“r‘sé’tB ilbﬁﬁh&@érﬁrthérg&g% re?;'t)&ﬂ@é golorima ég% ?\9' r% re's fhgnsor  of

claim1, furt rising: color ers di spos e magi ng
el enent s #A89% pleh Pﬁ@%?ctﬁﬁsedﬁspeqﬁ'ée ”l?(SPtB‘PaffOi“F fd s adj acent each of the sets

of imaging el ereag-sut civNRicath @gsdciayé‘tl with a ré8pletivel rkégldhfof ﬂfe%hs@r()' ors. 10. A
color ima an i mage
i ane,  comTieiE or BiaRCTREh e e oA oA RN s (Fippeltbe o e dltu:
i ncl udi ng inAag eignale reprdsentingithghimagie aithteusibjegt.
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:



different colors and having a conmon magnification, the imges differing in
magni fi cation anong the sets; generating, in response to the fornmed i nages
of the subject, color inage signals representing the formed i nages at a
plurality of magnifications; associating a respective color inmage signal
in a respective color at a respective magnification to a read-lout Ci Lcwt;
and i ndependently readi ng out the respective color inmage signal in the
respect i \F;e %%Pﬁ%ubqoqwﬂﬁggﬁ&ﬁepﬁée gArtane4 thencalyr inRge sighal at ed
read-out ci rfesthithd edlordinabeasiisor BRd tealtplt theBOBagti @B heLodldré®agadi ng to a
respective set of imges. 11. The nethod of claim 10, additionally

conpri ssiguals.sel ecting at |east one of the color image signals. 12. The
met hod of cl @i m 1the aslétitnag8 abhsor 6PEMIN 5, f0ARerEofphigngNg a picture in

response to . . I e of the sel ect l.or i e signals.
13. IoThe met hg‘gggﬁlh%}: Q%S%g,be&%%\hHﬁ%W?aQ'w ?ﬁ@%@@é‘éﬁﬁ%ﬁ@“ﬁﬁ?@qﬁﬂan one of

t he cofdpr fillesyadistant abch ¢fdhe edte of hgingnelembets diaspiniinglght ofpr i ses

si mul t app@uH Vit bayisnd nore than one picture. 14. The nmethod of claim
10, additionally conprising: correcting the color of at |east one of the

col or image dPgnaf §olonmagiempBoR@TiISEGai m 10, additional ly conprising:

stori nlg_ at | ﬁ?ﬁ‘ing{lﬁ\%geé)f)fé aﬁajéc@,!éiranlirﬁa@@p@'?e,%lpﬁanﬁ]ﬂag-foqﬁﬁ%g%eg f gr subj ect
eneratjng color 1 nmages conprising: ans for formn

P set simaHES I phiglly 6 ik oo est iading W&Q?aif%‘qdd%_ﬂég of BYUHEHYi n 1 i ght of
mut ual | giffdiehnt eslemtarddla0ing acdothri@yinagnifidifion 2the imag@différigtihon, the i mages

differing i 0. nifi Catthi on _anong the sets; neans for generating, in

r espons &% 'FH@ YPAU""F¥EFes of the subject, color immge signals

repr esent i ng9eMRIAING: Hegsponegda therfoangsl imagier o thefsuhigghicelotimagens;  nean for

associ akigntlisaefresamy it forRb® mAJR A a PIEER) of Magnifi@iiBRE! i ve color at a
respective n?%%lcfl.catl onto ar -out_circuit; and nmeans for independently

ead . ]
readi ng out [AH8g 8 CBTREEIETRT IPRGR I98Rlgh aIresnsclivecolered gect i ve col or al t
t he respesiactiee magmfiddtioats aredayodtbRcwiisangi ated read-out circuit for at

| east the col.Qf_1i signal s rresponding to a respective set of inmages.
17. The syst e‘ﬁr@%}eﬁ?%ﬁlyrﬁe%%?g gl&tgﬁ? feg‘Rg??t'V)? 08%,%??%51 Hhe R ﬁge?%&“éeel ecting
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;



at Ieast one of the coI or |mage signals. 18. The systemof claim 17,

addi tional ly conprising: neans for displaying a picture in response to each
of the at |east one of the selected color image signals. 19. The system of
claim17, in which: the neans for displaying is additionally for

si mul t aneousl y di spl aying nore than one picture in response to selecting
nore than one color inage signal. 20. The systemof claim 17, additionally
conprising: neans for storing at |east one of the color image signals. 21.
The col or | magmeses fwgenératihgiimrespondetoahe fkmed ihadgistof #enamiject,&@iopn Wit hin
a set Is arranged in a positional relationship that mnimzes | eakage of
light inmaged gragignat$ rephesenting) thedombeshienagss ab2 plufiiity af ohagnificatigrs; sensor

of claiml1, Vm%e%'n%:%%ﬁcéﬁr%%%sggé’we%ﬂﬁ%a é;élgﬁéf'ﬁafé%{aﬁgtf\fe%owf’% g §O!or

i mge signal associated wt rrespondi ng region o sensor el enents
to a di gi regpeciinggoagnifipation toareadenit cir@st; afithe col or i mage sensor of claim

22, wherein th%é&h@fdr%dép@ﬁ%t@'r@é‘tﬁhg omﬁm’s,%a&tﬁ;efcb%mrﬁ di Wfthgeadout

circuits correspondi to I magl ng elenents that ormares ective I mage
with the $83ReC Eqr.agighqa gmerastvednagsiification by Yierassecizied readyoutgireyt fay t he

respecti ve|JaRGhe 'cB!oF‘mﬁEg‘é" iy cotfesPBIh] (R tdsBE&ive set of images.

17.  The system of claim 16, additionally comprising: means for selecting

at least one of the color image signals.

18.  The system of claim 17, additionally comprising: means for displaying

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

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.





