MULTI - MAGNI FI CATI ON COLOR | MAGE SENSOR BACKGROUND OF THE | NVENTI ON Caner as
originally used interchangeabl e | enses having different focal lengths to
gi ve t herwoheosahsiosty to form an i nage of a subject witirCca/usedosorsds
magni fi cation. |nterchangeabl e | enses are inconvenient in many ways: the

| enses thensel ves can be relatively bul ky, the unused | enses need to be
stored sonewhere and the process of changing fromone |l ens to another can
be fiddly and tine consMULTIMAGNEICATEON ICOLORIMAGE SENSQOR mul ti - el enment
zoomlens to give themthe ability to forman inage of a subject with a

sel ected magnification. A nmulti-element zoomlens uses a relatively conpl ex

nechanisn%to nove two or nore of the lens elenents nonlinearly relative to

t he i mage pl ane j i cus as the focal length of the zoom
lens is changgﬁjggRéﬁﬁﬂbépﬁﬁgﬂﬁggﬁhﬂpggtion. Thi s mechani sm occupi es nore

space than is avaChmblagorigindlyfisét iafetthéngesti®leasek BiNing dffBlend foéd [RRINE tAS

havi ng el ectronic i ...SeNsors are incorporated not only in digital
camer as but §f"§6},‘e”i‘rg‘%gg‘|h@'ct8§?wn Mg At e@dﬂ&‘tﬂ%@@&@@@?‘g?ﬁuenproducts as
mobi | e t el ephgBRBarBablPRA%S Bdlincdh@ntedd indfadl Sadd tife 16RBAHImseBs BarPeoduct s are

subj ect tqo market pressure to make them ever smaller, or to pack nore
feat ur es 1'nt 6elatwﬁ}yc}a§}8% Hﬁwnasee, {apess nesd g be siqred sameybare andihs eigeessiphl i cat i on

serial no. 1Qhaifkingfm Bife 1516 @R caf beXtddlyedtditideadnelifg. | mage Sensor with

| magi ng El enments on Respective Regions of Sensor Elenents and United States
pat ent appl i cat i ofYlosererently gmenag useomuplisslespentzqon Iees tagivg thenpthe abilido col or

| mage Sensor fhavidithab&BEH f8jeH et elcbicl MaghiBEdtond Al RER Tt Z3BRNeE! | Ve
Regi ons of Sensor El énents describe a snaFI col or inmage sensor suitable for

use in a si nype afalghvaly eemnlesmenhanisna fo wayeeva or meessef theylpns edemantsongr e

assi gned 150 48RS elGNES tl_%fimtagé-dﬁla@gg kipahd g MoalsSs tHAGOLPRAGH Sfmber ei n by
reference. These "applications disclose a single-nmagnification color inage

sensor that BEaemisisqhpesed énehgngetheimpgmBicationhT s meehagismeageupiesimaip prake f or ns
an i mage of Hﬁﬁi§%ﬁh§ﬁ$hﬁuﬁmﬂﬁhE@%hQﬁﬁﬁ&Of light. This allows the lenses to
d

be physically snaller and l[ocate o .
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



closer to the imge plane than a conventional nulti-elenent polychromatic

| ens, and elimnates the conventional nosaic color filter and its attendant
pr obl ens.wo 2newketssdemand exi sts for a sinple, conpact eaqlrars2008me0sensor
system having the capability of form ng an i mage a subject with a selected
magni fication without the need to change a lens or to nove |l ens el enents
relative to one another in the image sensor system There is also a market
demand for aicapabiw bany obfighti §bisapbmhalepi;asttmlnea)hyﬁicailyssutajlmddxtcaimtr e t han
one nma nlflca |o consungr. el ectr onlc uct such caner a
or ceI? phon@cﬁ %F%yma ! WﬁFmﬂﬁg EN#ﬁ%ﬂP?ﬁ@OWﬁV@H?W%ﬁ |des ina
first aspect elimiratesithel dmmtlsrmhmsauhmmrrfgter ﬁmlgtsragexﬁihﬁtrmdsﬁlanseach st r uct ured

to form at an i e .of asub havi n res tjve

rmgn 11 cadi on. onddraskeEhBndiin P Er aiene Bpbrialon it St POBROMELEot ¢ he
i mges wth &maﬁmr@agﬂmfngmaﬁm@gwsnbjbttghﬂx aeletidd uﬁgﬁlﬁcedioﬁfv@memtthd:ol ors
constitute a Siﬂ[ 1aractler| zed %I fll cation of the Ht&% The sets
have mut ual | Y Pra3NSHA ‘??ﬁ@ﬁfofm%ﬁtl‘?"ﬁﬁgme IR &3 onepagthersia thedmageREntaronal | v
has a |ight sgd&aer Thee itakd alrﬂihrkdﬂﬁemifﬁ(fﬁr@éa@ﬂﬁhty-l;hﬂlsﬂ)lhﬂhga§ﬁﬂ1$@<5fahas a

regi on of sensar elenents di fsrgos, do posi te eacp t he |ma ﬁg el errents
The regions SROERASBPredhasfaR glaﬁ P i eensymeselep enie poducs 8ty

el enent s 1@recgﬁ%@bb§1§1@ng@m@5}ate i n response to light incident thereon, a
respective color inage signal representing the inmge of the subject at the
respective magnification. The invention provides in a second aspect a col or
i magi ng net h%mmbpqmmmflblmges of a subject including formng the
imges in sets. The imges in_each of the sets are fornmed .in |ight of
mutual I'y differenth %Wﬁ%@n@fﬂylmw firplersResh ColefgARES AT bavingrimagingages
differ in mgpinch&ahdNiruaiRa%o tdn8, &8h fnagtPpeindBhhaskeaddishibjeidblivg 4 ncl udes
generati a respective color image signal in response to each of the sets
of the uiggegesm’«%@e sBeeficationg Ones of ik imagipg elsmapts Aymingdespaesjve opesaf thene
respective magnid wmtthé)gamlé%ghmstmnllpngmro@iﬁhﬁﬁﬁy biffeRnf ddrflcA3fakla B System

for generati ng col or 1 mages
aracterized by the magmﬁcatlon 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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means for formng i mages of a subject in sets. The inmages in each of the
sets are fornmed in light of nutually different colors and have the sane
magni f i cawoanoe/0Bbmei mages differ in magnificati on anongPChaASs@s®2840he
system additionally has neans for generating a respective color inmge
signal in response to each of the sets of the inmages, the color inmage
signal representing the subject at the respective magnification. The above
and ot her feat ur eShaimdention aravidgein aghird pspedtaspstern & gondratingsolorimages hdser
apparent fro e i ri-pt 4 | eferred
ReahErof ﬁJrllnﬂ‘l\r%llE}g%eS :Eggkt\lﬂbfeghﬂ?g& e fngages% _eLJﬁeoéB{e%ﬁE 'ale_ chPEJg

enbodi nents, read 1n co e acconpanyi ng draw ngs
det ai | ed desadn lightiobmutualy diffarentaptorsians hawve the yamd magnificatipn eThsfimages different i on,

rather than Limti.-Rg.: ' J- On ' efine he
appended ?I ai"l}r@aédﬁﬂ&géﬂl%\r)gfggtﬁ %e?{' h]teh? g%#%%ﬁ'@a%% %‘ &F "%9%’%1% DRAW NGS
FIG |A is arspbaivatolor idiaggsigml of regponsel to eachedthiefsets af the image$, alie dohmge sensor
in accordanc? vm'etsp -+ Pr% rien\ﬁggtghgn'b.g#gther i S Sé:h%rggtti c diagramindicating
t he angl es sUBtEn b?/ THe gmaé%é or n%gsp&c, Y TR ﬁod'gni fication color

i mge sensor in athostaeaemel othdrledtlres andaeéviniages ofileGnvedtios wihbdcsraeirthec vi ew
of the light sensor. of a | ti- nj fication.color inmage sensor .in

accor dance V\,iaPWr?f?TfrioP'stPe @%gﬁligrqgﬁﬁedo‘ies?rf?ilof’ ﬂ(/@ﬁ?fefﬁ?,hy ?%gf" meodimepSonet ri ¢
vi ew of tilbe Iréaghih cagunrzdon ahhltheheconmpagyingdrawimgenTlie defailed datiption@agie sensor
in accordance w.th the fir.ﬂt errboqj ment af th invgnt.i.on' Fl G Hﬁ is a side
view of the IFQVPESARDE Ry of Rejryrgiian axhsrihandimiting e 550PF AEYE sensor

i N accor dancenwshiidh v definat byahbaghendd clagths dnldeqhinsens therpf.FI G 5 is a bl ock
diagram of a multi-magnification color inage sensor in accordance with a
second enbodi nent of the invention; FIG 6 is a schematic di agram of the

di splay i n oBRIBFDESCRIPIONY GF THE DRAeVIMGES three different magnifications;
FIG 7 is_a schematic diagram of the display in gperation show ng a picture
with one lSel ect edt dh&‘l Lppgghep)aﬂc diagram of a multi-magnification color image sensor in

accordance with the invention;
FIG. 1B is a schematic diagram indicating the angles subtended by the images
formed by a multi-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;



FIG 8 is a schematic diagramof the display in operation show ng a picture
with one selected magnification; and FIG 9 is a flow chart of a nmethod for
col or i mayongoeanadi spl ayi ng pi ctures. DETAI LED DESCRI PPCONSEN0&028485 1 s a
schemati c di agram of an enbodi ment of a nulti-magnification color inmge
sensor 10 in accordance with the invention. Color inmage sensor 10 is
conposed of inmaging elenents 101-109 and a |ight sensor 120 located in the
common i mage pl anElB®Y ip# sthamatigdiggrang oéthe display in difemtiomslpiwing &pietwsrwith 101- 109
each image 'iogg%elgc{)edfrﬁ fﬁat?&ﬁll?j ect 15 on light sensor 120 as light 30. The
| i ght sensor ener ofor imge signals 40 in response to the

i nci dent |ight 30FIGEé§ahas¢hemhﬁac diagrg pthe ldspiap isopbdiod SlwWisg Bpictmet witted t o
forma regpe%%é\sle ter;riar{ga catt he S bject 15 at the image plane 35. An

exenpl ary~i mage €9 gt (Honb he reference nuneral 25. The inmage has a
magni fi cati on. ThbE& 94§ a flbe charagﬁmgethxbdeibecﬁlar imagihg buat displayirgpgsctwdes.n t he sane
magni fication in light of nmutually different colors constitute a set of

i mgi ng el ements characterized by a nagnification. The sets of inmaging

el enent s havé)E’ﬂAmEDIIyEsﬁ‘RIP@r@mt magni fi cations. The light sensor 120 is

| ocated in the i ane 35 has eqgi on of sensc r ele nts

di sposed opposi tggggé% Bf S?hr‘arg’af‘ﬁ& ?fgﬁ’} démirﬁfh’lg@ ti-rg

l'i ght sensor ihgendos 1@anet@tiase aith Ithmg\&nﬁcbrgr'@ilorﬁmﬁm&ﬁm 10 mbmlpeswe)sent S
an image of the subject (ﬂﬁ)&e ol or of I' Qt and aiﬁ one 'ﬁnlflcatlon The
regi ons of | igAeNg ﬁ’%‘?tsis et aé‘ﬁ%&%’?sﬂe fepteddp theeomimeg ifgedlate

col l ecti vel y ogaRemagif le@entor THeThggng tlgnadts 1MIRL0Y QFH REeaTightRDE&oimge of the

subj ect at the .respective magnjfi atlon In the exanple shown in FIG 1A,
wi de- angl e i FBYFHRG>&an ﬂ@ﬁ?@oﬂﬂ) as ight nd he gt enser T %rgﬁmr HEYROLNIMESE t he sane

nmagni fi cat i oRighils 46 ¢h re§foRSIto @Andildalighit 30 Eadh@F BRGIbYRE YemEROSd1-10stie a set
110 of |mag| n% el enents; normal |maging elenents 104, 105 and 106 that form

i mages wilth SKECtUsHEo RERATIPERYS BHoeF BAf e aubigst Lot thimage plang 1y
respectively ex&ﬂﬁl&g 1lthéleeis ﬁldﬁﬁfed b} theQbfeleiB i LS MERY $nagFhastae ep hot o
i mgi ng el ements_ 107
magnification. Those of the imaging elements that form images with the same
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.



109 that forminmages with the same nmagnification in red, green and bl ue

| ight, respectively, constitute a set 112 of imging elenents. In |ight
sensor 1280 w@gizeds 121, 122 and 123 of |ight sensor el egenissocanes4ds sposed
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 ements are di sposed opposite nornmal ineging elenents 104, 105 and 106,
respectivel y, andIrctbasxamplg shown iy Bidp 1Abwidefangle graging el¢rgitsoldd, 122nd 108 and
129 of light 4sg r: t ' . 05/ | Qes 1,09

el enent s 107,t 18;3& a{lrﬁgé%g%ﬁ] tﬁ%%%%cnﬁg\ﬁ/ggé%qéﬁg& é%ﬂﬁé'f?npﬁ)tlgqgﬂgregh%aﬂg of

regi ons. The corstfiuimaset 210 oflimaging clemergs; mprhdl grhagingeleroentel (dntlstand 106 tabup 150
opposite the . £ i de- j i i generate a
color i rrage sﬂ?’g{nlgﬁa %‘?Sevg{theéggg%%gg%%ﬁage- aﬁg‘i’ glegnngﬁg}fea%{ﬁ%hhzg%%ﬁé%t . The
magni f i cat i owomstituth@sanil teofimggieg elemges afd telaphosuinjaging elementsd07,008dut ed by

t he i magi ng I . -..Jh i . , 5 26 of |ight
sensor el emaﬁk) gﬁﬁﬂ%%%@%g%%%’i&é%psgéfe& géﬁﬁéﬁ@ég&%ﬁ,ﬁ%&% aﬁgr%ﬁlﬁljnéﬁhagi ng

el ement s col Iresptdtivelyy cgstimteat et bl 2cflioagingwdgeerss.gnal representing a nor nal

i mage of the subject. The ni f.i cat.i on.,of 0 | i e of the subject
is that produced gnyl'% t(%enls?{aqglg’nrag'%'fsgltr%h]{}sz al“#%%?“?&%%"ﬁ%g%&g%ﬁs ol sdlsfﬁ H 128
and 129 db | iogpdsits evideermglel imaging slementg @y p02lmd 16p pegpettvelyhandehstihit® a of

t el ephot o i magi n | ement s ¢ol | ectj erate a col.or i mge. signal
representing ggmpglsgﬁﬁrc?%’nf' eggéonéﬁﬁzl’ﬁgé gﬁ?@@{ﬁghﬁtﬁ%“sﬂraﬂﬁp?qt%ﬁ?& OSg(T t he

t el ephot 0 | magposité norel BuHgirgclenieatst10&t10p andl LOBe ebspegtitdly ahdragistigtecd g@omgnt s i n
set 112.As u Lnh this,discl i fication of an i e of a

subj ect w1 1 1550} et cReuaS A7 EE bt 18 et erachucise et Sipotite i nage
aL a st Fmdar gélalﬂgtd/ih'ﬁg\ingﬁledieﬁﬂs 07T 08 enddL09, r3£}ﬁ|cﬂiﬂ§ly, fiiddonktivag @ gEﬂuﬁI’IGZ aﬁhand

t he ang subt ende t he subj ect I e ane 35.. FIG shows_ t he
gl o ST REEHE: fipe tegtars AT de b9 138 of Retg Sebordlmenin giagb 45F opposte he
respecti vel y seif 190 B ideYanpiedRadnodiemé B B@ivelyeRRdtite 8 @blodikthge Highdral | magi ng

el ement set 111 and tel ephoto. inmaging elenment set 112, respectively, at a
st andar di zed "ATERRYE aVide-angle imags Af thfatpiech| Hitemaggificaiien of gheviderauglewns t he

angl e g subt eRgechiite dubRctSHaEHFbdubE R th G YIanatsIR set THE TRABEBACat i ons
of the inmages Er oduced by set 110 of w deangle .

124, 125 and 126 of light sensor elements in group 151 opposite the 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.



i magi ng el enents, set 111 of normal inmaging elements and set 112 of

tel ephoto inmaging elenents are fwqg, fn/g and ft/qg, respectively. FIG 2 is
an i sonetwocow/essef the |ight sensor 120 of a mul ti - nagaoirfuse@siozssoEol or

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 ements, group 151 conposed of regions 124-126 of sensor el enents and
group 152 conposeds ofedrietiiodiscldsdiz, the aghifiseios of arcimage of ssubjectwidics takeni t s

maj or surfac 0. 1i ght nsqr. 12 he reqjons [121-129 of nsor
o enents ar o Ak foc? e AER Sferhery b FodeE 2 Dndielied Sieaia SRS
121-129 i s cemrpadde dngffrom mege plaged aandahe anglechibiseied by thel sebjecttasimalge plaed) | i nes

i ndi cate the _ho of an exenpl ary nsor element. 131 jn i 121, an
exenpl ar ytsser?gow}glal?yrfgﬂ‘tvs %?“éf’ﬁ?‘%g’:ﬂ&ﬁg &sﬁ,&eﬁﬁ?d&é‘#ﬁp’éﬁf 7s5évné§1g a“glr}é?’re nt 133
in region 123espadtivelyCisphed by widbsfgle BhaRMenbadset N0, BetNinagthe ciincakRAP! ary
sensor elenent 135 | n region 125, an exenplary sensor elenment 136 in region
126, an exenplhrYd Elsplale magingalamengset {12, resprchleli ava standagdizgadiienyine sensor

el ement 138 idistdn€l @Bmliddge SRt BN FEG.SBRIsB sNowsQ RS Agled ﬁimﬂac?dltg/&hé £ubje@gi ONn
129. Additional broken lines, such as the broken |I'ine 153 indicate the

boundari es bt #eBIREa8}AE &ht Thsiragndications obbr iprscepradusst by ¢t 1ddehvige- t he
regions 431- 5 QQamAgihdgég@inaﬁé@{thm Bﬂ}[b?m&ﬁm&ﬁlhéel@rﬂaﬁﬂﬁrmes@iIIQQﬁ}tetlJ})ﬁoto

enbodi nents descri bed bel ow, the reference nuneral of the exenplary sensor
el ement in edwhgingejewentsare WA dn/Pianhdts, yesprstivalied to refer to all the sensor

el ements in the region a#@?@&}@%ﬂ@QWof?ﬂeq@%n;o? 1%@%&%@%{)@&&2 tion color

met al - oxi de- sem conductpr sensor enen 1 sensor el enent  may
al t er nat i vel ymhge sansoh 40 ipeaccardpice with @ firg emp@dDyntof the dnveatiemdright sensamot her

Fesponse 1o HA8raaRRRPTsoRoRIERY o R RNCTA SRl el bOR LB DT "
cover ed Wist h campespetiegipas LUl 126 dfis¢rserelehkntspad group 45 cdmposet of rdgldns 144 and
respect vl y. 2(HghePenfy Lokl SR e bl BhERTdc, W fluflthedtitn we g
col or to regiregionsl2P-129 3bseastl cle@8nts resyrangei wed sectahguddrtarrhy hridsrash 44B¢ 146 and
149 transmt rclzéiggtu?j 128is 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



third color to regions 123, 126 and 129 respectively. Thus, in each of the
groups 150, 151 and 152 of regions, each of the regions is covered by a
col or filwenotdmasossr ansmts |ight of a color nutually dipCrarsesss/obs4oim t hose
transmtted by the color filters covering the other two regions. The
exanple of light sensor 120 shown in FIG 2 is highly sinplified in that
each of its regions 121-129 has only 24 sensor elenents. A typical exanple
of |ight sensersoddéménasEdmhrscrsedaeroént iap abanaddivelyrbe michdrgeoeuptdd deeins or

el enents 131- ééB sor 120, regions

91156 ar o 10D eheSiRfhel or i Rk neiSthendal elp il ek ERR s fy

enbodi nment mkgﬁbﬂsqmamnanﬂm$23>Madenther sensor elenents and are snaller
in |inear dlnen5| sor ion,l2 regions 124 and 126
have fewe? sensorg ﬁ‘éﬁ%‘ﬂ?zﬁ ﬂqut ga%"sg?fg esys 'Fg overed g ‘h’l ﬁtéve(fﬂé’ ﬁ}’i‘éf ar ea
than sensor negien Light fiees r4egl4@trmd 127 ranshit1ight dfa\fiesticelopto rgiomor21£12dnent s
and are small er I|n han S re | 8. In
such al ter natPdd P Plr%l?ﬁt LnﬁQ@ e6‘°h§4zig‘% ﬁgx éﬁ?‘fﬁ%@@&‘é{@& ICPIQHF cl oser
to t Ee celnt erregikﬁnstlhe ME\ ahd | 28, sRpeetivelyn ltxglﬁtrﬁltekbelm;an}maﬂd nge frﬁgmﬁtﬂ%lht dm
another alternativye, the r and 12 ve fe ensor e nts

t han regions T?%OYCF(%T%P@S igii?giﬂ‘]azég r??ﬁ?f’é“’ Uss i ra OfZﬁleegFB?ﬂsslsﬁnig

regi ons 185 an@l 1521 ro16ns] €aéh aNthe 1pPonb asvo@véred/\eya &ﬂmﬂfer ek gs ighaof 4 egi ons
138. Again, %I ons 12 125_and 128 recei | oser to the center of

the visible §5 gmuially Aifforenh o ?mqﬁgmffsémﬁsc% lteis Go¥eaine terolieR 349 v,
the sensor elgfi®idts in regions 121-123 differ in area to equalize t he
spectr al sen3|t|V|ty of the regions 121-123; the sensor elenments in regions

124-126 differ inTh ggmpl @d@é‘i%ﬁ&@rﬂ%h@wg&ﬂg 2§em%hlwlmpp§e%mtb%éaqheg. ons

124-126 and topgs RgRafI2El BMREbaly 28 séR6H digche! A;L@&cslle&&ﬁglebﬂng%ﬂ%s&rolzo
equal i ze the spectral sensitivity of the regions | n_anot her

al t er nat iVe, hehlundeeds gfth @‘I'Séﬂﬁf'r%@ﬂ:hﬁnsg}fé%lﬁ@f epeents) 51 - 138 dn eash ofifegios 131n ar ea
anong the grqyps to equalize sensitivity despite differences in the nuneric

apertures (f-nunbers) of the sets of the inmaging elenments associated with
t he groups. In light sensor 120, regions 121-129 are equal in linear dimensions and area. In

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



Li ght sensor 120 is conposed of a silicon substrate 119 on which sensor
elenments simlar to sensor elenents 131-139 are fabricated in regions
121- 129, wepwoitoeel y, using conventi onal sem conduct or PRTAISRESIOREI0S
Portions of the sensor elenments may be | ocated in substrate 119, but wll
be regarded as being "on" the substrate for the purpose of the follow ng
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121- 129 i n VRT-4RO differ nareade equiabizacthe spedigal sargividy ef thoregions 124-82%dsupi ed by
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| i ght sengor . Cl + QUL 1 Gi it. (not shown). Each
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131-139. The.read-qu ircul,ts are i call vy, fabricated on the supstrate
135 and rmy. dhiRy e 1hRhaHH LS bRt e R bR AL B b BERE Lo
?'SIS'?Ci at fenglr é@ld)vo?g dqsér}iptiohi II:n dfm?cmbbﬁemnt[ pch’ri?rg:saatg ﬂ? solf[ssrt]mtem;s'rdatr@idr;sgzlc(ildfgr f
ilters - .of . different color Le a o the, maj.or. surface 0
the subst r ar 423 ohich e SEiprelciienty Gu 3l aRibineiore Bt RSBt AL 150,
151 and 152 ekpdseagiconsolefrcliisghd sigieah pratesding cirquith eat proadsethe dagersignadi vi dual
substrate (not shown). Eatﬁh slubst rat.e HR%I a& i tignal I% .ha\fe fabri cated

t hereon one GPMREIASENYELME Lolaimagy signalidqrives rpmdheimags sighal SAmpRnEnts o g

descri bed above. Ehéh dffilh regithial21SI2D St ligt eshsér 120 haLdh 3T Rteddeiloud cidqiy d,

such as printed circuit bpard, that defines positional relatjonships
anong ¢SS uisaetshEY: Fachise -?lttéma&rﬁ%veé%&Eﬁcw@ma}ueﬁ%m?@&d&ﬁéhwﬁ%z9 are

arranged in QleaRaist1BEN3Y inreépdhdcad St Arol@E subjdit adZBfiverts ehel ehdlrrgEvalifes | | ght
i mged by each of the inmaging elements 101-109 on regions 121-129 of sensor
el ements, r eé‘ﬁ@é’t‘ PRASPS O ddﬂ\?b‘"&ﬁ%f‘ﬁ'@r‘ °‘Eﬁ'P°t“ﬁ’ét’ Rigrlba rastshsepn 9dpst | eakage i s
undesi rabl e agtehdati{ @y, Mht @HRS 130 mhyhaV8¥ sRigfetrddoud LisdlitRBRthon o HeTAGMEE t O
the color i rra%e si gnal generated by col or inmage sensor 100. One exenpl ary
posi ti onal 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 relationships among the substrates.



relationship that mnimzes the | eakage of |light has an increased physi cal
separation between the regions 121-129. Another positional relationship

t hat m niwDze®/2bw¢| eakage of |ight positions the regi oreTAR2005898485 t hat
adj acent ones of the regions are adjacent at their corners instead of at
their sides as shown in FIG 2. This allows the sides of the regions
121-129 to be physically separated by a di stance approximately equal to the
wi dth or | ength ofln amdternatjyoembotiiment, 2l regighs 124 s128iarg drrapgeadan @ ipesitonal
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i nvention. of Fl in 106, and 109
and respecti vgl%h o(%&rgls reglfﬂ"gul lcggfggsa(t)?d}%%gt %Sﬁ%ﬁgergglé’%ﬂf ngS‘fenf ?atght
sensor 120. Ilhcghttorﬂi@s instem dfhEthsmbljdestHs s(lcmrt mmvm)Thnsalfo&eml&ﬁihebyf theegi ng

el enents 103, 106 region 26 and 129

Regi ons 123, BN 238 ey ar U SR A A ARPTPHGReeoup Rt o,
106 and 109. oftengthi ofhie réglbﬂiselas 1243Bafﬂéﬁslmﬁmdoﬂ¥b9e ﬂlbﬁraﬁidﬂldﬂlthelabﬁﬁet-ed on the
surfaces of regi.ons 6 and 129, et we magi ng

ol et s 103 MVERaHI R S g R PR oS SR G TG R Ay The

i magi ng el emesddisiodddy-bt@Sedeach have a refractl ve surface and a diffractive
surface. For exa elenment 103 has erical . refractlv front
surface 154 and a kﬁ?‘fz'f‘rsé’&?s gtnﬁéﬂ?’k"' é}ﬁlﬁ‘]}&g‘és"’f%%zéﬁ‘@ tF‘? gpaging plemgots 194- ¢ he
lens is the siwpioaseolonimabé Sdhsdrilght acdbrdhrice iwithithtefivst embointbinf b1tAE tnvaRiog Ur f ace
corrects for gptical aberratiaqgns, such as sgherl cal aberration, introduced

by the ref r ackieenser gepenty k238 In thpucgions 12]-d2ofithe light senserd 28 A nph4- 108 ar e
simlar in stiethid e BIH 346 bilpiBithd&awRRATAS BOd&IRS 6f ihb RShionk 12 A129 are

indicated with dashed lines. FIG. 4 is a side view of the light sensor 120 and the imaging

20  elements 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, between imaging

elements 103, 106 and 109 and regions 123, 126 and 129, respectively.



alternative enbodi ment, the imaging el enents 101-109 each have a spherical
refractive front surface and an aspherical refractive back surface. O her
conf i gur avoane/R6w6i magi ng el ements 101- 109 are possi bl ecT@sbas/obs4bs er s
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bet ween i magi ng el enments 101- 109 and respective regions 121-129 of sensor
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t he renmai ni ngltermgneregabedhﬁﬁemtlﬁ,lmn@@ ﬂmf:mrmcl@D@achfhak/é £5psheridah ecfiatixg ng

el ements 101-109 have one-t o- reI i,ons th r 21- 129 of
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constituting T i tig A PEENEY, C@l%ﬁ@ﬁﬁé“# QIR 5@5@8@?‘8‘@! Svm&s‘i befpveqme
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the regions 134~ éauvt«:@smesﬂdtneewang%er{ﬂ&mrﬁ&@m@r 1488} Idaled 6QRREI theit € a
first group 150 of regions. g{ gi el enents 101-103 are spaced from i ght

sensor 120 byubkiepad W@gém% 89, yeseeptixely+ Qtherpsrapgemantsragepgssiblengt h.  The
first focal IlepshRsffhdR&uaParrangement of the imaging element, the region 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.



first magnification The imaging elenment 101 is structured to focus |ight of
a first color fromthe subject to forman i nage of the subject at the first
magni f i cawoanodg/meddse | i ght of the first color. The |ightc3Wspassesios hr ough
color filter 141 to illumnate the sensor elenments 131 in the region 121 of
the Iight sensor 120. Region 121 is operable to generate a first color

i mage signal conmponent that represents the i mage of the subject at the
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t hereon. The i i ng. el 2 1 r. I to focus |ight . second
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ther eon. The FitatiiAg LPbRERE- 19k eRets A arb RoR{IEcH nafiferdpr L24CLT 7o
col or from t Ibe aslidpinee ippraximoateinegunl kanhg frsofocalliengsiu ke dirstabeat loagth defiries a
magni ficati O%ii n the light of the third color. The |light 30 passes through

|
color filter Y4PIEYICHY i nate the sensor el enents 133 in the region 123 of

li ght | sengor 120. Tﬁe@hagmglel?e&xdnsmpemhhmedtto ff@ﬁﬂﬁglﬁbgg first Etilbxcfrcﬁloﬂl?_r i mage

si gnal conponent that represents an 1 nmage_of the_subjec t t I 1 st
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a col or i magemagetidal {didonéif? BiaCRBREttAECIn B ILHO SutjdiCatthdfiChaghifidatiéh fi 1 St
magni fi cati on. iteis rs}garded as a cqlor. The imging el enents 104- 106

const i t utlPng inEssponsa toghe light gf the fiest eqleripddanpihgicpspect i ve i nages at t he

i mge plane of th?hébeig?rf’gtele%enﬁl(ﬁ%gﬂfétumﬂ!fééu§ﬁ$ﬂt%ﬂa kdtohd &dr fRm MRt Ual 1y
different colors. The second magnification is different fromthe first

magni fi cat i oRubjgt& form@n iyags|of tsrsulyect aitthg first magndfisation infhe Lght of the seppnd nagi ng
el ement s color. The light 30 passes through color filter 142 to illuminate the sensor elements 132
in the region 122 of the light sensor 120. Region 122 is operable to generate a second
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  in the 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.
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107- 109 constj {HdlioRi%er®ts it U Bfioh MRAMGhELRIFE MG HeBloM 124 is operable to
generate a first color image signal component that represents the image of the subject at
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.



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

magni fication in light of nmutually different colors. The i mging el enents
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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 color 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.



regions 127-129 are electronically conbined to forma col or inmage signal
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at a respect F’ﬁ’ echioghim p H‘quBﬁ?&?ﬁ‘g’J%"éf‘t tﬁ‘g‘%fr‘agﬁ‘fﬁ&q‘ﬁ@ “Eﬁ[i‘gﬁ’érﬁtc@}qr'oyéﬁ ed
farthest frompkt3e patsgdihr@@RS616r RO 149 ©MilERinkd thehteRHBLaEmEMYIBYA ih @Rirk@bn | N an

exenpl ary_col or | e se r. the set 110 conposed of wi de:-angle inmaging
el ement s 301-11?)3%1@&}?“6%3%@ B?grxgq1%@mqq%@atpiggx}p_ratq-ﬁ%ngéngima Si#pdsed of

normal i nagi g&mpdneABRAtSepkiiéntd BFinkiz BT He Subject RGRNGirdBEBMifit£idh iPRsnse
approximately 1.7 tinmes the first nmagnification. The set 112 conposed of
t el ephot o i miRyihegetiod thethied ety incidenihefepes a t hird magnification of

appr oxi mat el'y 3. 67kd fiB6 sdcbfd dd'tRitd EoRG inkdeCdnaDidmpbientd @ndl8RALY BRAet of
enbodi ment, the sets of inmaging el ements are each conposed of three inaging
el ements ar r Hgd 121120 sreglectrpically pesmbingdip &ora agedpr jpagersigoabthatrenresentsnshi ps

of the iypgi B PG EhSsuBlctt AARIHIR Ragnifita@ith.2l ternative embodi ment, each
set of imaging elenments I's conposed of four or nore |ens el enents having

the same focal | e tlormagd seafer 1& istlscapeply of farmirfegmageseh asehiecss Tharagi ng
el ements, foyn,QL a@&&eﬁ%é&@%h@ﬁmég%ﬁﬁ%aeﬁbﬁﬂ@&% r@ﬂa?ﬁe&‘?‘ﬂgﬁgofﬁnﬁtﬁaﬁ ctive

color filter. In this alternative enpodinent, each set of i'maging el'enents
f or ms r especdiffeeent pelors 9nd haveithgrsame magwitieation. by wnages didier iy maghifieationt col or s,

and t hel i ght a&%ﬂ%ﬁ% s il %l&%mﬁgé Qhsdr W@%%ls}kgﬁgefofggﬁ%}{nggéﬁﬁéﬁ% c&lg?diges of

the subject at respective nagnifications. as additional
sets of ilfrmgimagesignnlein sposcth eadhdifthiesntalof megenfTherralyr mgage signalntepresent

operable to f{orm.r Ve | 3 t he i mage pl ane of the subject at an
addi ti onal rrféhg"'nsi%f"gég ¥ ge%pﬁcﬁv‘% %ﬁ%ﬁgnﬁut ual l'y different

The set 112 of imaging elements located farthest from the light sensor 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



colors. FIG 5 is a block diagramof a multi-nmagnification color inmage
sensor 16 in accordance with a second enbodi nent of the invention. Elenents
of the colvonolemeg®ésensor 16 that correspond to el ement ecofUstévs/oesabdr | nage
sensor 10 described above with reference to FIGS. IA IB, 2, 3 and 4 are

i ndi cated using the same reference nunerals and will not be described again
here. Col or i mge sensor 16 has sets 110, 111, and 112 of inmagi ng el enents,
| i ght sensor lightGensar generateis aplat imagel sigwlslB@, remesenicoegssiofithersolgedtet 165, a
menmory 170, 75 85.. Bus 185
i nt er connect %}P QC%FH&%IBB&&IO%Z ,nopﬁgéﬁg(;e&?%gﬁadgltléﬁﬁ Saggg%a?h ee{n 588ssi ng
nodul e 165, fEheh adelltmmyl s imagugg cdemqamstispmrabla%&omndsmdqevmgésaiytheodul e 180.

Bus 185 y be an.ele al .connect.ion o optical anns nght
sensor 153 genae%eaﬁlaenseoc%) S&bjecrirxaltaé1 %ﬂ%lmagﬂ t'lpgﬂ)"rlé%%é Myt é’e‘éﬁnﬁrf’ a subj ect
with differ enblorsagnl fi catl ons as descri bed above with reference to FIGS

A 2, 3 and 4. IIo ht sensor out puts

col or image signa Isé 3z I'h? lf)ﬁléwa%%ﬁr?%?g@“'?‘ﬁ%‘ ﬁa&ﬂ'? clorimage %ﬁﬁ)rgﬁt"but s i mage
si gnal conponestdancemhitichseori cnbodpuestthy inetmioh BRineats bfthe ooibi inexde by t he
processing nodul e 5 or an external processor (not o%t f orm col or
Pimge. o1 gnal SrBaCH Bt o B sPaeRn oEia SO r Rtpet Ssord Afbetebesf phf a

di fferentio rrageﬁbnfenabab FOES. 1ANEB,L5 8fand M prdtindigxtbdl Bing B daﬁleSéfErUﬁdeUfuﬁﬂraﬂsD receive
a user input of the cal or sensor and

P el ect it anenu] AR et abibheR PRAL e StrepGe et PR TR uoe:

input 161. Thgagi 1emmymgmembm2b69useﬂﬁlbudﬁ§duwnsooaplawsgn@m@@ﬁsmra and/ or
one or nore sw tches. The user ut. 16 to_the user i nput

nodul e 160 V\/I‘fé’ﬁlomy%é’é?“t@ﬁtpgﬁiy ﬁé"stB}ayl‘i‘&%éleléég)/é'ﬂ‘f%%éSBnB‘éS lypad or when

the user rot mt@@o@e&aﬂgnts&sbmlo%& Bsef inp B BEdUIOTH0, 1 pRIEsRBRRALREBS, thd he
user prOV|des t he user to i nput nodul e 8 by pushing a button to

di splay d°neMsmoRy H?%&eé’?g’ﬁbﬁﬁ‘l ]e75fB‘é)theldﬁPlaMP?dPlﬁtl§‘érB\éﬁﬂ@éd‘ilah‘é’ﬁta“ t he user
i ndi cat es WhigeBtricARGAneRlion FRH SptidaPcdhhédtibay. store, process and/or output by

Light sensor 120 generates color image signals that represent images of a subject

with different magnifications as described above with reference to FIGS. 1A, 2, 3 and 4.
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 subsequently
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.



selecting one or nore of the itens in the menu. In one enbodi ment, the user
i nput nodul e 160 is structured to generate one or nore command signals in
response wo 206s206r i nput 161 . The command signal s ar ecrrspasiots4adl e vi a
bus 195 to various ones of the devices, such as, a light sensor 120,
processi ng nodul e 165, nmenory 170, output port 175 and di splay nodul e 180,
connected to the bus 185. The user provides a user input 161 to sel ect one
or nore of the i niliblessef mpurdd! maybhépsethshehikey, mﬂutirﬁ)dalledm:‘wﬂeroﬂ]chmgi ng

el ements for display b i spl nodul e ,180, Addition ser

provide a usg?wﬁﬁﬁﬁﬁrTéTngggg%é@@%ﬁﬂgdSF“ﬁﬁ}%CB?"f% eﬁ%ﬂﬁ% PWE& by t he
sgéI s 110, II1 1elactmdhﬂ&ﬁ eﬁfboﬂiﬁngﬂ,gguedrcpmmesthfe%ersmm wetolmpumemnylado

A |t|ona y us vi de a user ect one or nore

of “t he | migwby PUTHRER B el e ordopa e In kg emb et T or

out put fr om thﬁbﬁmﬁ&{tés wWhibh infag@br iMapEIte aisple kioks; pfddeds ademéulput by

Addi tionally, the user lygprowde a user Input 161 to select one or nore

of the i magesCIFBINgSRC BMPRAT BE{tEMYin heme g el ements 110, 111 and 112 for

processing by pronesgieRGodiB@h, the L6H inpih@o&id 61 ie Str@lréd toigeige Shadsal S
out put by light sensor, 120 are transmtted via bus 185. The processi ng
modul e 165 i S108% fQrIpRNdeignpls i rsponsedto theaiserinpie A6t Big commsnd sigaalare gnal's

out put byiol | @BhsnfifAIOVIa iaapmrtslvmumsfome Iﬂ@vxée@ﬁﬁbf(@ﬁa%@ﬁt‘%&nsbﬂﬁﬂﬁ signals.
Processing nodule 165 is structured t color correction to at |east

one of the c8ASessingagpsuls; Igaamemony o, BPT@E’e’s"s‘i lﬂa apgigplay mednle h30, germsctethe or
nore processes fe bl¥ p¥essi ng nodul e 165 has capability to performmultiple
processes. The processes include conpressing the inmage signal components
and/ or col or i mag&hspsgheiryidescrgiinpytigl torsleelsing pr mﬁegét@lglﬁeﬁs@wdém PEG or

MPEG- f or mat gl seis 1107R19¢ aid kaadf'f’rmag%ffelexﬁé]ﬁs @Pmlﬁsgbﬂfl% OhQdulS PYor ect i on
processes I n one enbodi nent rocessing nodul € 1657 s structured to

receive t ﬁané@ttltoé%ll}’eﬁﬁﬁﬁ%dﬂaé’l esalﬁmlplﬂtt Bl tosgleet anp pumorediedmags. | n one
enbodi ment, h&RHY RSS90, rfl?fi'z!rllael 12&P nm%xﬁééiﬁénwt‘éps&r‘&g&ﬁ%n%f 1fyle or nore

command S|gnals In"response to a signal
Additionally, the user may provide a user input 161 to select one or more of the images

formed by the sets 110, 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 recefve 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 least 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.



fromthe user input nodule 160. The command signals are transmttable to
various devices, such as, |ight sensor 120, nenory 170, output port 175 and
di spl ay mwoub@/@8®6¢connected to the bus 185. Menory 170PC3/Ustoosobssned to
store at | east one of the color image signals. Menory 170 is structured to
receive all or selected ones of the color imge signals transmtted via bus
185 responsive to a user input 161 indicating user selection of an option
to store the col oln cbnmgéosiirgmaths prdvasingynoﬂﬁ[é 1i661Gd strdetgred terecei ventoansmitedor y

devi ces, such _as GeESS nenn r ead- r . In
one enbodi rren?mmhné Y Slofgougg °FUR r r SEUNe AP géﬁgﬁﬂ%’t %fgg%nd

si gnal s out putodblg 168 esrstnuctpm:ti tmmzlmla& 03166r mn:é/comnphmagmss ingesportbt tea digdml | N
one enbodlne el ect ed st regw 3% |na e. S|gna S are thrleved and/ or
del eted fP om ?9sei?@“?188‘§*6% ve 't §°e iBFEANSEERE fAYE Yy a user

i nput 161 i ndeﬁaas; Sugh b aghtsseﬁseﬁtzoomemﬁryano,cumtpwﬁort 075 Al displag ndddleao del et e
sel ected col or g(wﬁ 8 q@ Di splay nodule 180 is structured to receive
the sel ected 8%F8F f fet 3nals transmtted via bus 185 responsive to a

selection at the Negfory mn)ut stmadwciao&ﬁfhat Baﬁﬁ;h&ﬁftﬁ@d@lbﬂnﬁ@@sngr&léitl\ﬂéiﬁérw ed to
nse 0 | east qgne_ col or. i my

di splay a pi rein r h f th

signal s sel eﬁ%@ﬁ Str}&‘ifﬂ‘ie ﬁSﬁ‘Yeyatl qree f""r’i‘?é1 %@%Pﬁg%?(é@t‘@&g‘i HesIpnsyittad v t han
one col onoi mage1 83 r@ﬂ)@hswé 108 vddrSfpud Yo INBaibdtig L8E stiSctivh ol & bPtRA td Qore the
S|nultaneously dj splay nore than one picture in response to selecting nore

t han one col &P'r %@S@Pﬁhdﬂempw 130 énclderotie ps Arore ra?rgwégwfﬁﬁdw@a&so |s

structured t@mﬂ@ﬁ&k&ﬁsh&ﬁﬁﬁﬂkﬁhﬁdw&ﬂ Hﬁn@hﬂ@ﬁhﬁ)QHBQM&nQ¥MH§Qﬁné
nodul e 160 and/ or processing ul e 6 and to dISngg pictures in
Y §s

di spl ay nodullé0 Betuctaeg dherehe Fasmited sermed sials b ﬁra'g@ltsm'ﬁ& 1§0and

received CO”HHJYQr ;ﬁb&@ﬁbg U650 QR Bneleszbokiﬁne%i tledtel 6ked %léﬁ&%géfﬁ%ﬁ
sel ected col or i nage S|?nals transmtted via bus 185 responsive to a user
e

i nput 1613j narecramiev@i apdisr dedetpdfrem gemory biY respondys to sommepd signpds gsaeratgd col or

i mage si gnal $yhQs@inRX | 6 dkarHs&GReIRh of APYtbn tﬂe&r%ﬁz@@ﬁd/&%@éte ssrebiggti on
can be made om the extennal devi ce. The out put port
color 1mage signals

Display module 180 is structured to receive the selected color image signals
transmitted via bus 185 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 imagé signal. In one
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.



structured to output received color imge signals to one or nore external
devi ces. I n one enbodi nent, output port 175 is structured to receive inage
si gnal conpanenksrdsr omthe |ight sensor 120 and/ or frompaoemasegosLHZ€i0and to
out put received i mage signal conponents to one or nore external devices. An
external processor (not shown) within the external device then

el ectronically conbines the output imge signal conponents to form one or
nore col or i mage ©igotgost. 177 liestmxtuednateceiewihe edeamycolve imageesignalnal conput er,

a PDA, a cell phone or, other electronic devigces with display capability.
The transni sgf“%ﬁn ovia B‘ﬁtlggtresB%nrsfveioi%“??ﬁipthel%Ei"hJ{\%E'W P&f geéesc}/'%ﬂﬂaé’cti on?/
such as, W Foption ta oulpiitselestad calomithapesigratsto ay sttemalfdevice @lot shoah).t echnol ogy.
The transpi ssion from qut put rggrt{%?S may be \éia a,[hardvvi red (}gnnection,
such as, a calFeliyshnadeqtion carboemads ag thessxtemal dewigee The AWRLAOEH P & an
external nMenpgyniedioGRtpAt redei CelrVORS &b sighald td dle OF MISFEXkER] deVices Yy Bi 6

i ncl udi ng wi de, ar.ea networks, _l ocal area netwqrks. The connectjon to a
t el ecomuni CS'E‘P%C{\mSVs?‘E?HtHﬁ? I#ﬁlsﬁkb‘é"rf:‘g??dfe‘?eh"é AR AN caYYs %%chti ons.

| n one enbodiip®Rtnsof T® Mdmr #8M nSdniBH 1 NBEUS bitpiietdeived smigdegignal ect ed col or
i mge signals to the processing nodul e 165, the di sgl ay nodul e 180, nenory
170, output FYRPONENS tqene a8 MR APrFst Aaexgmal pracessos (1ot shoxymy yefent , t he

bus 185 gpnukieaRRetasididehdniiciomiedI§EhbROineLthe buthifBBBeLHIMPERIPohientiddi Ch can
be electronically conbined to forma color inmage signal, to the processing

nodul e 165, fof@ AeopmaiE sobydaeesEalsnenory 170, output port 175 or any

conbi nation ther egfe exfdrfaPdeficed nf) BWa PR Sdr¥pubttrSPPEY, £FQN PN GlokiRps of
pi ctures on display nodule 180 in response to a received user input 161 at

user input meleranicdyicerwitisdisplageapakilitynloparsmisiondiphautppert dXmay By user
di spl ay sel egliOp5e1&8 dorfk&idACtuch 4, SNEES alvPirdd8s Ednthfidi&ioh @ysttéi‘l?for cellular
invention.FIG 6 Is a schematic diagram of the di splay nodul e 180 in
oper at i odSshésshrrogy. pThertrangmission fremoutppierort Wi muay e visea hirdwiggdeqanection,
magNi 1 Cat | 0Ggn olfifofle SBARYAG UlEmbRE: b DI RecRof oWl lerfdl RBmbRL that 1
segnented into exenplary display sub-areas 182, 133
device or a connection to a telecommunication system including wide 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 simultaneously 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



and 184 for sinmultaneously displaying pictures of the subject in a

w de-angle view, a normal view and a tel ephoto view. The display nodul e 180
recei ves wol2o06/i20m@ge si gnals for the subject in the fir®cr/ise@snesdsand third
magni fication 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 configure the display area 181 to show the three pictures
in displ ay sub- ar EEG 6]1825c]nﬁma1iusd1@mﬁbﬁthedisblylymodslerlS(i) mperatiod shomving sded t o

the user input nod are 182,

posi ti oned i R*HERO g@%?‘f]bé‘i?bfv%aﬁ%eg% gﬂgntd’?ag{’ﬁgatﬁ’f@ pT'éeyd?%q?aé'a{“‘i‘g‘ N %d inthis
e>r<]arrpl E areum‘ludeqmaisplay gnah mX)]Sﬂlatqua@ineﬁtbdﬁlto &hmpm}damgll fablaffak eSENEAL i on ?f
t he subje in display sub-area 18 e normel, representation o

t he subj egt agd %‘OWS'F‘H“NCQ%I%% @%“gal?' Hreigéhe fT"R’éecf E‘Iae‘ﬁ'ﬂﬁ'la?)gq? ¥5Vedent ati on
of OIt gg4subj e@broha v&hmmt talme;ﬂifo&;p}lay m&u@rl@an&ﬁrblsar@c@ivayccﬂ@rgmagee@gna{lsBZ 183
an are re entative. of possi 2y .sub-areas and are.no

i ntended to tg%rp{‘ ief’tn'@ ﬂfeoﬁrts%ﬁﬁci"fﬂs/’é’ﬁtﬂf'fﬂ"f“a@f ati ‘}l?%“gaw‘élb%‘é‘ﬁ%ﬁ‘?@ signglfPam of
the display reshdue: th8Qisplay SRL 1 St toQRov thaki sBghrA8 Bicikeslin 8:8pIuY §ub-AAeds@BBPhOt O
representation of the subj ect in disp I@éé,sub area 184, l%’he di spl ay nodul e

180 recei ves 183 al b {The gemmpangd-signal tosppfigurs the dispiawares b$ ltoshay thewes hi r d

magni fi capi opicnes i dspRYBMlarsharsalish & gepsthkasy §u§ehﬁlpdf o A idiae&tht 81 to
show the single picture in display sub-area 184. The command signal to

configure t h&sdiRRyf Bydelp &60-181 to display the single picture in display

sub-area 184 is gﬁ%ﬁfa?tsﬁmal}e.’{s ZU%"anﬂ nﬂuire%@lﬂ&l@@mrﬂﬁ%ﬂeﬁaﬁpn@ ré@&{s dJfnput
nodul e 160. FIG 8 is a schematic di agram of di spl ay nodul e 180 in

oper ati on shd&if digplayrares k8 aptin thés examples ar@w%qﬂp@lw Alipogt gsuahsizee The widet e| ephot o
representati gﬂ%leiep}éganamo@% sms]eeem sfat}wa DEdifYI 5! b BredG 83 PTRShdrils CONpl et e

di splay area splay nmodul e 180 recei'ves a color inmage signal
r epr esentlpng repesetatignetthesubleptes showvndn dispjey fubezeai 1§8. Ahotelspbiteh a conmand

signal to Coméfr&gﬁtgm;n t}%' S%Efe@tyls okt AJSI A rﬁ?:b%‘réapﬂs@yd g@hlﬁgrlé%selibn the

total of display area 1 conmman to configur splay area
181 to show tlR&and 184 are representatlve of possible display sub-areas and are not intended to be

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
25  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



picture within all of the display area 181 is generated by a user input 161
provided to the user input nodule 160. In one enbodi nent, the user can

sel ect a wbankimngesommand si gnal, which bl anks di spl ay aceasi@kogss0one or
nore of the display sub-areas 182, 183 or 184. For exanple, a user may push
a clear-all button to clear all pictures in display area 181. In an

exenpl ary case, a user pushes a clear button once within a preset tine to
cl ear displapfﬂmhhﬁamal&B4ﬂmkomnph¢ﬁgmﬁuanﬂﬂ@heﬂn@sphpa&hes1khmowhmﬁr

AR N T B o e et A S R L Ry

accor dance wubdr itpuempdele@6d. i nvention for color imaging. In block 902,

i rages of _a subj e t are f rmed.. The i mages forned i,n, sets, dj e in in
e e o ron i oembeSTRG heg cof secn Pnd e BRI giE e PhER Pl

mutual Iy di ffd@bﬁpfardiQBDbﬁorﬁrbdnﬁ@ékﬁ‘tﬁd’lﬁs;ﬂ@@bmmgz c88 6ro84. FheexhimpRES
differ in naqglflcatlon ano qwthe S In blo 1304 a_respective, color

i mage signal P e RusIL elgary Heni9 ar ?lbp‘étﬁf?ﬁ "b‘?‘s Aredetdd - 4t an exggwlary
representi ng chdkea 64ePp@Gts Bdledr b@ttdnezﬁﬂa@wtmma pmaruniel t6 @lehOdlspldysublafak 8906,
optionally, re, than one col or |na % is selected. In block 908,
optional Iy, R6PEFHEaMIFARYSST e'tsa?Séh? g&w@@ Wik LR SRCLQCIEUENF of the

col or i nage sﬁ Rlsgb-aRh LI Qd 15’4@@,@&@@ osure descri bes the invention in
detail using illustrative enbodi nents ver, the invention defined by

the appended cl ai FdsG.9§h%iaﬂP%Cbaéﬂﬁ’f{Odll!SHétlrpﬁaeleﬁt&@ Briptudarenvih thepssseBed. e

claim 1. A G@lefifiod fSR&S0rSRASAE. 10, conprising: imaging el enents each
structured to form at an inmmge plane 35, an image of a subject 25 having a

respective magni f ikleskt02, mmees offe spbiect arpelging- dhe ieagesarg barmed imsetsg
respective onggert if ReedifiBYSHS. Netlhmagé“s‘%n SRNBS FRIAS hre Gairle@ light bt A0ua®

mutual ly differen
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 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



colors constituting a set characterized by the magnification of the inages
the sets 110 having nutually-different magnifications; and a |ight sensor
120 | ocatwd 2005/i2b@6i mage pl ane and conprising a regi on PeI/UskosAEE0F

el enents di sposed opposite each of the inmaging elenents 101, the regions
121 of sensor el egri§,oPPOsi te each of the sets 110 of imaging el enments
bei ng operable to generate, in response to light 30 incident thereon, a
respective color inmage signal representing the inmage of the subject 25 at
t he respective naqniR%c%;hﬁpe8§$m]%eccolor i mage sensor 16 of claiml

addi tional |y conprisiig a user T hput “WH4GI"& 160 operable in response to a
user input 161 to imagihg elemewt exch swurtoéd wiferngfat ddimagoplate I5ymygienage ghal s. 3.

The col or inmage. s or. 16 of claim?2 dditio |y conprisin di spl ay
Toaul e 280 consE BIaYise Asperdet TR HuER drre dreshgRaE Clebral SahH Reapons e
to the usey inegpettiveheasfdhoipapedilieh the sateStpgnyficati¢h iatlighteofintutuadls @iffesentt 0 t he
sel ected color .im i 16 of cla

i e.sl.gnal ., 4. The col or image sensor. im1l
addi i onal |y CSBFTSTRETES et dhracissided Robtmeent g ar s inreente bl e (o a
user input 16daving naamllyaliffgelt@mighidicatidhs;@de t han one of the col or inmage
signals; and a displ nod 180, connected to recei ve the col Qr | nmage
St onal o selecteq arbupundes geh e ToBRes Hath s camBErERIE b2 hPb ol gy
si mul t aneous| gnéor Biefichts Gispdted BSPSRSACK 6f thaiihei cldifntabeahergiond 011 dfmage
signals.5, The col or i mge sensor 16 of chg|n14, further conprising:

ge ; . : ] a
menory 178 op¥rsgsrlemerys oprasite cach petie fets HiQ of dnegingedernatheingfpgeblsitdnal s. 6.

The col or i magfeRRNMQEspdisc@ liglt 30 McRlent thérbdie b rpERTE &dl6tdmage AceSsi ng
nodul e 165 operable to nDdlf% the color imge signals. 7. The col or inmge

sensor 16 of EPIEssRiBS the jmageiol thesplieqd 26 drbe reappeHdnriNgEe)-s sel ect i vel y
operable in response to the user input 161 to nodify the selected col or

i mage signals. 8. The color inmge sensor 16 of claim11, further conprising:
2. The color image sensor 16 of claim 1, additionally comprising a user input

15 module 160 operable in response to a user input 161 to control selection of one of the

color image signals.

3. The color image sensor 16 of claim 2, additionally comprising a display
module 180 connected to receive the color image signal selected in response to the user

20  input 161 and operable to display a picture in response to the selected color image signal.

4. The color image sensor 16 of claim 1, additionally comprising
a user input module 160 operable in response to a user input 161 to control
selection of more than one of the color image signals; and
25 a display module 180 connected to receive the color image signals selected in
response to the user input and operable to display simultaneously a picture in response to

each of the selected color image signals.



an output port 175 connected to receive at | east one of the color inmage
signals fromthe col or image sensor and to output sane. 9. The col or inage
sensor l1lOwofwo@lsmsl, further conprising: color filterspt4arsdiosposies
bet ween the imagi ng el ements 101 and the |ight sensor 120, the color
filters 141 adjacent each of the sets of imaging elenents 110 transmtting
light of nutually different colors. 10. A color imging nethod, conprising:
form ng i mages of a subject 25, conprising formng the inages in sets, the
i mages in each of % hEhsoisa irheg'ersgnsbﬂl(mfttldim{'ﬁgﬂhér oprsihgtal 1y di fferent
colors and having the sa ti differin
nmagni fi cati on angr?dn?'ﬂ%rygzq gpegag’lrlmeomdg’ﬁe ?téé[aftﬁBe? %ggﬁgl(?f iRrge 5‘@?%? i mage
signal in response to each of the sets of the inages, the color inmge
signal representi n6g Jrh ubj ect at g1 respe tlve magni fi cati on.

e color ifnage sensor of claim'5 her compfising:

5 a processing module 165 operable to modify the color image signals.

7. The color image sensor 16 of claim 6, in which the processing module 165 is
selectively operable in response to the user input 161 to modify the selected color image
signals.

10
8. The color image sensor 16 of claim 7, further comprising:
an output port 175 connected to receive at least one of the color image signals

from the color image sensor and to output same.

15 9. The color image sensor 10 of claim 1, further comprising:
color filters 141 disposed between the imaging elements 101 and the light sensor
120, the color filters 141 adjacent each of the sets of imaging elements 110 transmitting

light of mutually different colors.

20 10. A color imaging method, comprising:
forming images of a subject 25, comprising forming the images in sets, the
images in each of the sets being formed in light of mutually different colors and having
the same magnification, the images differing in magnification among the sets; and
generating a respective color image signal in response to each of the sets of the

25  images, the color image signal representing the subject at the respective magnification.



