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W TH | NCREASED DYNAM C RANGE BACKGROUND COF THE | NVENTI ON Technical Field
The invention rel ates general ly tqmg re systenms. More
speci fi cal lweg od/41844! NVENtion i s reﬂm mmmmmmrrpr oved |i gp&gﬁ%ﬁ)?fos and a
met hod of enploying the inproved |1ght, sgnsor to capture and process inmage
data to inprove dynam c range. Background Art Typical digital inmage capture
systens such QN IMRROVEDIACEITCSENSPR OYITH §SCRBASEDEIYKAMITIR AN SSOr .
Sensors are manufactured using charge coupl ed device (CCD) or conplinentary
met al oxi des (CMOS) sem conductor processes. A typical CMOS sensor includes
a pixel array having a pl BARKGROGNIDO¥dIHE BNVENAI®NNnged i n rows and
colums. A correl ated double sanmpler (CDS), an anplifier, and an
anal og-to-digital converter are also included for every columm of the pixel
array. |n aleghmicabFietd/stem |ight intensities captured in each pixel cell
of the OM senspre Aventlin REkYdEANS B LnEE. ArtEIRFALICNES) . _Thereafter,
the image data is_provided ‘to_a% a ifier“for anpfification. The anplified
si gnal is pPrafifigedythe W@naﬁrar%@bfqr}lo@iagﬁlfla?r%%%httsemqormdeﬁn@bﬁ@erts t he
anal og si gngt erhplogirg tﬁbﬂhb?dve&ﬂ%ﬁ&éens&"@&:abhﬁe'aﬁag?oc@%ti%dg% dafierted into
digital form it is often stored ma nenory and/or transferred for further
processi ng ETPREE BRI EANGRt hin the | mage capture system or remotely
wi t hi n anot her image processing systen) such as a conmputer. An inportant
conponent ig {lhe gr&gﬁssi ng of the inage data is to conpress the data for
easi er transm /or storage. In the prior art approach, each pixel
cel | generates alypiseddigrtal inpageraphirs systems sethoasatigital mamerap.enfgiey st or ed
pi xel val ue [ d ) qi si gnal

%ng, RSty IR éBUéeéécﬁ-. SRS YINE SR TEGuRY Alglr%]cg{aggéz

processi ng program executing on a processor. ' e of the pixel
arrays growsouplesedenier(HCLdf ol cormilimentasyymetalrnidesd CMOBrsemécandacior xel  val ues

al so i ncr eagRReRed. " £RARHINMADYF sefdk iﬁ@d@laepixél%ntap@lamrﬁ%l plﬁfzn%ogrows from
12x512 to 1 ,24@&24 andnglssum ng ,one pi xel e ‘m ni mal _nmenory

; g byt e per , ot
r equi r ement BXehfeHeawansgsdoim rows ad sokwmnss A gorrelaigghagpbls pamplescEPSE00/ 03105
1,048,576 b ?&igﬁﬁér, 8A¢ bin kAFIGE-tC-aAptital i&wegsgg sféCallﬁillhbMde& mtr%vtef)rre.s g nor e
nmenory IS ne e t store a I.cture. n a tion concern Qr vi.deo | nage
data 1s thediins ¥ hore SR arHPird s Rk Enteas ies cantyirad ip agy.
addi ti onal piapichelldtf tha GMGestasbrtape tiracthf wandfdreechaicispeativalCDSyage data at a

i f - | i , t . As
i el ar 1 ay Tt G LRCR R RAERS Mot Bl o L 0, PR L Ol P o™
i ncreases bymplifecbsignaltieprovidag tottheramalogte-digttahgrireerters sividhepr@erts r ames per
second, t heth@'lﬁﬁ’l@grsggg%ﬂ;\tgﬁ”di’gifa?&%ﬁslr. PRR BENRYe RtLiskordertdd hity with (1

byte) per pixel | roxi mte . 8 nmegabytes per second for the 512 x 512

array. The dgttal foamelt isoffencitergd agya mepmaryrdé ghBorderrgskior sebeid for the 1024
X 1024 ar r ayrocdsBirighgithey RcRlE ivitheh Gdainaky caitdre sRetorGehilel}y dvithiRi Ct ure,
typi cal |ma%§% r ocessi E%Fs%stems i ncrease the nunber of bytes enployed to
represent € S5ilMBBe PEXLSIURG Dty sirR 2% # SHBPWEEch pixel is typi cally
represented by nmuxianpdrsanteompoyére.in For prexesspigef tisoimeagealacs isps 0ocessi ng
systens enp] t tes (.16 bi .10 represent i ngl e pjxel value. As
each pi xel clogxf?rg%gggéﬁfaefarg?/‘c’learqbarné{ar?sé:'%onnﬁn er g%{aqu?%gf}epg'oer {rmry

requi r ementappanarhbeanihvpiselivell gendratesrepixel valcle shads Bustsortidnglngemony. addi ti on,
bropose t har S L Ve ol B e MR AR B 8 el L S ngs
of a singl esignalerogessing {PRR) pragrarhexegniang on apreeessoar e capt ured and

anal yzed. Consequemkkise of the1bidR§s RS, b OntlYF By a4 proved sensor
t hat woul d reduce thg ﬁeonore stofa%% and banﬁ\?\n&dtth r_e%ﬁ?‘?ene ts for inmage
capt ure andredrERG fA $eTedhe PRIGMKAIRSS A0 NqreaspdEREFRINAINg in FPnagenriapt ur e

syst em havi NGnhaps@NsRky Ykdws Rorhis 3t51006 €0ARIDA HAGRAIN AR Re b_'?téwsérhod of
capturing image data. i's disclosed, The first [}ode i.s. reset. The second node

is reset. APEnEGEINMRORFRONEERIYHETRBISHNFERSEETR 262144 PEES il xel val ue i s
then transferred fromthe first node to the second node after a first
predeterm ned tine period. The first pixel value and a second pixel val ue
is then provided after a second predetermined tinme period. An arithnetic
operation is perforned on the first pixel value and the second pi xel val ue.
A system for performng the nethod is al so disclosed, =

AR
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2 WO 001 51344 PCTNS00/ 03105 BRI EF DESCRI PTI ON OF THE DRAW NGS The

obj ects, features and advantages of the nethod and apparatus for the
present invention will be apparent fromthe follow ng description in which:
Figure 1 il|lustrates an i mage capture system configured in _accordance with
the teachi nYS % e present invention. Figure 2 illustrat@<U%& Ppr oved
pi xel cell configured in accordance with the teachings of the present

i nvention. FEi gt IS i Lfi c i agr i) ] s i t he pi xel
array and tﬁé’g %’8€6agy%oefé%eesa6$§%lé¥sdgggj 8?' fE ﬁgéeﬁ%ﬁﬁ%é mlé%%é%%\og?q t he present
i nvention. MFhaguory igngesled t6 blonemarcture] | ustrati ng how a signal processing

program may e”plﬂ}{aha%)in EREH HEDRED ) Qééraawﬁe%gd%%gﬁs i mage data in
odi mrent of the present

accordance with one ent p invention., Figure 5is a
bl ock di agr ARGV reqviigENeREtAS 2 HEIY sWseadditionalhagrwidthisrgedad i n which

the inproveg, §8ASA thehdii@nbr &R data Mai AN rimRY r8 tb BPkeiRipeed Figure 6 is
a block diagramillustrati nq_balfsn greater detail the digital signal

processi ng PIRFEITRAISI M0 ERTAS BIYINESS. Figure 7 illustrates a conputer

system havi ng a &b hipg@ha@yegiowsiitrals1e RS12 epraxdediosenEobaraiwitite present
invention ma

be .i.npl enent ed. Fi gur is.a blLock diagramillystrating in
or eat er _det MTEAIRETL PL PRy S EAEDRutfinty Erotr el B ED DesoR PTI On
OF THE | NVENah@pRefeeomd, tige tincanherefsed wla¢esratefrenmyd sengorsitBadil ety of t he
i nvention wJ. i LB rovided to
illustrat emgééhe@?%yy t%ﬁ: e? %g%ﬁ %\%@%tr ?%ﬁ\%ée%?gﬁ%%aéyﬁg? gﬂée conis%tr%egsd@axg limting
t he scope o0Pl%4reay. ilherdatornte FHiacrexefpP 3t resgabiiierpat secendiopthandi2i| y
descri bed m@(tlbzggr;@{ence to bl ock diagrans. Dependi ng upon the
i npl enentation, the correspondi ng apparatus el enent may be configured in
har dwar e, sof t war@ImBiY ARt EFesrab FmsicaRddirelar fe p @ittureRygifekimage] | ust r at es
an image capidesisysiemsifbrehse hBnathbenof bresagloyed sorepiddentthci he present

or ocessor 1ABAT OHERGRY P BE CATLRGN ' SR TAAPreF i BhE BHRGHFRent of t he
present i nventbyn, Foexampbe cure colon povcebHRg systdmglesp®dy twidyts/ &lisd 4

bits, to represent a single pixel value. As each pixel is represented by a greater

number of bytes, the memory requirements and bandwidth requirements

increase accordingly.

In addition, for increased dynamic range in the image sensor, some

current systems propose that additional memory elements be used to hold

multiple readings of a single pixel such that two integration times are captured

and analyzed. Consequently, it would be desirable to provide an improved

sensor that would reduce the memory storage and bandwidth requirements for

image capture and transmission.

SUMMARY OF THE INVENTION

In an image capture system having a sensor with a first node and a

second node, a method of capturing image data is disclosed. The first node is
reset. The second node is reset. An image is collected on the first node. A first
pixel value is then transferred from the first node to the second node after a
first predetermined time period. The first pixel value and a second pixel value
is then provided after a second predetermined time period. An arithmetic
operation is performed on the first pixel value and the second pixel value. A

system for performing the method is also disclosed.
2



PCT/ US00/ 03105 a pi xel array 104 having a plurality of pixels, arranged in
rows and ‘col utms. For exanple, the pixel array 104 may include 512 x 512

pi xel cells or 1024 x 1024 pixel cells. Each pixel cell features an

i nproved argbBiod/S8idr e having a tenporary storage el ement, pa ﬁ%&ﬁﬁugeadout
circuit, and a second readout circuit, which will be described 1n greater
detail hereinafter with reference to Figure 2. A row selector 105 is
provided to specify a particular row ~n the pixel array 104 based on
control signals provide IﬁﬁFEﬁ%C I b T 9) Qem selector 107 is
provided to specify a c ed on control

si gnal s provi dedTheobjbas,deaitiraslang ad¢ditagébind thomesmidetbappedfuaf t he col um
selector 10 ecif: ' [ I i 1 .hi i xel
array 104 TePREl SyaRER ) 2 BPEShEHCR R SRR deoh i in el S
and a tirrung gehignm billuptrates Thémagmeapbiresgefent eandiguted inrascerdardssi bl e by
the processqlild@ tedcBing@ R IR Sesdik RRRAGGH. 140 may sel ectively read val ues
fromthe registers 111 and wite values into the control registers 111. The
control regi sterBigure2 illustraies the igpsoyeserixplcellspnbiseiedrin dc4BeEeEn to t he

tirrung gengyigd @k tdakBingklog tHe presiart GeRLfig.0or 112, based on the val ues

provi ded by the gontro| registe 11, sel ectivel enerates sigpnals 107 to
the row sel ectorf‘:‘ﬂ?}fae,f lsl‘?esng‘BﬁbFfiuglé’]é]f @%arm%g"is,tr%’i’%ﬁg? B‘xfg?fr?yo OF cell in
the pi xel arfé@ayplhd pravaskoss ofithk smprbdet Gerssop bEfhequressit irgyention. 116. The
pre-processing ugit 116 includes,a.f l.. pl ane n anal og
to digital convelrgl erc ‘illl\fzf. @%%‘a?t&gg?ha&% nheGQ‘f)fgl(s)1 gggrfo‘%‘?[%g{%éégﬁ%gg‘a?m i nput s
for receivi egplayotheiizgrowesl sgasrr1a apsnpardeproogsstmagp datalin arqoagark®4. The
focal pl aneam}p(ﬁ%sél%o '&QnPSFtBQEPé%eﬁt']n@ér{tHB@“ c or logical operation on
the received values and generates a result. This result is provided to the
A/ D converter 13dgug? @H‘%@‘F’K@PS@W plardmase Gap e e Hevice tes - dighrk al val ue.
The di gi ti zegmpiaX &l whthURe ifipidved se{s8Y @@ prescAtmviAfdoh BlayHeOr age or
further processing. The signals 114 provided by the controller 110 to the
pr epr ocessi HYPIEHTD6 specify the particular arithmetic or |ogical
operation and al EigureéBgasiotihdiagiatm Ngswitingdin greseedsiail ghadigitalaged t o

di gital conversion. Thﬁ1 {Qi >ei)¢l=:l cef\l | 106 includes an input for receiving a
set of si gnglr%cei%ngqncg P Ehl %%rﬂ F%ﬁulr%?' 110 and out put for providing pixel
val ue signal s 11Bgtre 7 lmspaes pompsr agstemihavirigsa sioort eysl insvhjoathe 108 nay
i ncl ude, but i |G V1, and V2.
These si gna}%‘sgos“eeggérééc"lr’%Eekg“dpﬁ%%?‘ég‘t%?“%g%ﬁ ?’%ﬁénﬁg?rﬂ;ar £2r . WD 00/ 51344
PCT/ US00/ 03105 TFigurd drisraghlgdrdia guapy illustrating)in greptgrdetall sekcqgepietent i on
circuits and,GoHNHRkwh kuehown), which are known in the art. The control
registers 11¥L may be | oaded by an in-system processor 140 or indirectly by
a host processor (not shown). Once | oaded, the registers 111 may provide

the 1) starting val ueQETAILEDCDESERIPTIOMOF TEIE NWBWTIONvVal ues and 4) ot her

i nformati on need in the operation and control of e sequencing of the
control signal s.ﬁ%ﬁglﬁﬁbﬁﬁggﬁsh%quG ol F%télp; el’gﬁgf%bofwﬁﬂ!ﬁovi di ng an
interface bebwderdescritsel. Trectxtinplarypmbodinaes sorproOied\hdiuseragcut i ng on
processor 1%? eck19 (0L QLR 1261 T, H(?t{kyec%ngéﬁgd%é)fim?t%%fh%%@ec{fnpUt.S’ such
as i nage cap Ure Tine, el ectrontc shutter Contrors,  gal control's, |ight

| evel s and s$ipiovéntonyeihsraxempiray embadirhents meqerimerily dseneed withi npr oved
sensor 102 i.gi L8 Qi I,%gg ; I el52 may be a
simple | ookﬁ%e{egg‘[pwﬁg% &g%{)a\%il sgelggP%g?%-gwi rec E?E%E{}gnét?%&%rg%ont roller 110.
In the enbo@PHESPONGING APPRFRLUS AETENERBY be 6oRfguradin bardware SOH®RE) to a host

processor ( fRiwshO¥ ombiRSHEHOHERA. 152 may i ncl ude graphi cal user
interfaces (GQUIis) to allow a user to interact with the inproved, sensor

102. Qperation ofigaracelliusiralss ¥nameg qapius syster Yoin yeieeantnpipvede row
sel ect or 103.@B6 1626f the bretansal @t mdPHe impRreatdd. 1 ipebrdes an i nput
en
i)

for receiving the control signals 108 fro he tim rator. 112. In
response t o S¢EE LOTBIRIATP Wathyhiosest e 40; acpé‘FF‘oiglé&g%ﬁ% %t%éus[ " pi xel

val ues 113, IMBhebmBo&inEndvf thedre@nanpert i, ooessproged Bédsol 1® intluees
architecture of the inproved cell 106 Bs described in greater detail wth
reference to Figure 2. The two pixel values 113 that are provided to the
pre-processing unit 116 are from successive franes. The cell 106 includes a
storage elenent far storing a first pixel value, while a second pixe

val ue, corresponding to a pixel value in the next frame, is captured. The
steps perforned by the inproved sensor 102 in accordance to one enbodi nent
of the present invention is set forth in greater detail with reference to
Figure 4. It should be noted that any of cells in the pixel array 104 may
be accessed in a simlar fashion. In this enbodinent, there is a

o " A A~ T Y . ']



PCT/ US0O0/ 03105 It should be noted that, although in the preferred
enbodi nent there is a pre-processing unit associated with each col urm of
the pixel array 104, it is contenplated that two or nore colums of the

pi xel array, share a single pre-processing unit. et anot her
embodi nent ‘8?5% /ﬁ'gg%r esent invention, the pre-processing ~EE1Y’!J5@@61°Fray be
integrated into each pixel cell. . In the preferred enbodi nent, the focal

plLane pr oces 39l 180 Y i) B SIRL DL DR & HBIRLLS ik Unit (ALY

In alter nat| §cessor i egrated as
part of eacHopéxagipledhe pixaj amau i mhxem%sk‘&&’éd 532pbet CeibPr AR >been _
descri bed a§oﬂ$&§m ts. Fﬁa%h?imgéﬂegﬂuég‘dﬁ imp?Bvé P RAEI LMY LT the pixel

array 104, it e understood_ tha her architect<ires are nore
sui tabl e f oferParRR; LPrRABISMeE L Hasreadent cicriiaAng a secand ERadopl @tlrtocessi ng

uni t may rewlatﬁwdaseadésmmdﬁ\cgraama@@aﬁ h@@ldameeﬁwxﬂhrretehér&eads Efuterture, the
Si ngI e pre- pI’OCG SI ng uni t&@é are t he .va acent col unns.

Since each pi xel™&RVPeieRer Sﬁfﬂﬁﬁe?w éEE’f’fmﬂ)‘?aé rBY)dBélé%Plﬁ‘él unit may
recei ve oneafby muba‘sé@bhaoﬁurolstgxmﬂ pmzc&ﬂdn}ahsemmﬂemun@wk cblu@in an adj acent
col um. Inalt i.ve n ¢} r rmaybe

i mpl enent edseb‘f/c n@? r?grér%q& céd?y éol?lt?l rregg1e Dé.al %rag’ol?ﬁ?%% i Al aver agi ng
circuits. Tbmtfabs@hahslpan‘edpd by dlssamtrpdler bJOSd'hbeow selenpeA8andiheci rcuit with
f eedback to. A f it he capture
characteri st(?}{é{sr&ofefegﬁé g?{he gﬁecpjy)seﬂgﬁgédpl)ér/ clggsls?glrl “mu tgel¥ t he pi xel
data by enphwgy Bt t he surroundl ng pixels or the char acterl stics of a single

pi xel . For exanpii cohhel¥al198n@hid& @eﬁlm&axoﬂ%lqbga@ﬁeﬁndeaa%dl ng on the
val ues of the surrounding pixels if it is _so determ ngd t here needs to be

conpensat i o™ BYRERIDRT Lt ThaSonpligsisteas 1 Gurst ocerrhlp Py thSRrocesspi ovi ded t o
store data w0 FoRexaplansrecagrddtsay snlect1né19rréz&bvzrlgey\ﬂrcbr|ﬂ thiigegistgas oved
Senso O R TR A PRI, PR R o
prograns fo He 1 -pf 6TELTi n pixel
data or irragenmme%@wssehoy@memxy tdaéleaxmmnglgencratqrdlw eThe gmidg as an
140, under CREULBEI/bisdd AL PAGE Blovidil Y RS CBRLLIERIAON. Lb Flinct: ons
| f the digitelfictipelygeneraty StgnaisﬁéWut@rﬁgeerorvsse&éfOérlg dh@mlmnntﬂq@c@ata is

be 6 VD 00 B Eh B LS00 T03106 enceset on L A Rost by o gscor (not
e execut’ed on the host processor (no
shown) of tPHOEENgH L HEst processor may be a Pentium"' processor with
MUX~" t echnol ogyrhe@lrélpbocet aﬁﬁﬂg@mhﬁlfeshh\&ap lafeptodesboenLo &M arfi gure 2
illustrates_the |%g%e ﬁﬁgg 3%eth %)Gl ﬁonfl 1tﬁred #%ra ?{j% ance with the
t eachi ngs o & i“HR ?E(Sfl D é%eo?nel}?f EntTo R0 1"Rel cel | 102
i n]E:I udezI ? mpusstf;rr% npuvlrfgdwmlmx;ilvsaiueg 133 pac:\vsdedrlasme psxajlaaiay(lﬂ@r'ﬁnenaf t e&
referred to i secon
reset signal @% tér eifn %étsgérrglr@g grfroe Sﬁﬁggﬂ‘ %%Q%?fl CS’Il&rl Ohg%?lx qu?%l rd |nput
for receivitegeived yanesand gangrrdes 4 RS ﬁhlfstréﬁrUItrléPé?Vﬂ toochad /The

signal "), acofnowtémumpHichfceﬁvér%Ctﬁb\Ahﬂggaesmtnﬁﬁo 4 @gdaualed. gl (herel naf t er
referred to,as the "RS1l signa @JO} i nput for receiving a second
readout si gHg&itizeR@bst h%lflﬁ&thﬁrépé?‘fl ¢ l&sl‘l%ﬁgstcmsae i gwker) . Each pi xel

cell 102 irgydou@mgamemghalrqu@g?@}déd)by mlcbﬁ&bné}glblt@me pred a second node

267 that acts as rary, sfora Each pixel cell 102 al so
i ncl udes a RIHF?S&nﬁéﬂétr@gép?%W FBﬂqtﬁ“fFéa ’P‘?t%ctor ?&‘é"l‘l APSFaYiON@REr ei naf t er

referred tcal@&smbhages %Mn@fghabrdce%ﬂﬁg and aaldghtordighieal 28Avdrsibn pr ow ding a

second pi xel h referre nal " As

Wi T be descr | batepke b IBnGhedri Rt SrBRitE et e dbd

control |l er frératheontrodles11dendsarpor foe ppbogsgipve! Valustsignalsall3 s gieal and t he
second res t f espectively.
Vor cover (g Fraaeyap ol 18 chilfor bl RAdE AN SE NS RN P PO

bet ween théofmlsf{s&rﬁ@umﬁ?ﬁdlng’deénd Y%Tb@pﬁmb age degseibtdmngrdatat t he same
tinme on theysSaRerPinkglp,. W th one capture having a |longer integration tine
than the other. The controller enploys the first readout signal to readout
a first pixel value fromthe first node and the second readout signal to
readout the second pi xel value fromthe second node. For the sake of
clarity, Table I is provided that sets forth the signal names and the
correspondi ng signal descriptions for one enbodi nent of the present

i nventi on. WO 00/ 31344 Table | Signal Description PCT/US00/ 03105



PGFirst reset signal enployed to reset the first nodel GSecond reset signal
enpl oyed 'to reset the second nodeTXTransfer signal enployed to transfer a
pi xel value fromthe first node to the second nodel LSl First readout signal
enpl oyed t owpRgeishhre first nodeRS2Second readout signal enplRXsfbaig ' ead
t he second nodeV_QUT1First pixel value corresponding to the first nodeV
QUT2Second pi xel val ue corresponding to the second node The pixel cell 102

is also provi dedThe tithif gexieebdoemm@ap@weude/@b rdtidRircMits andl V2) . In the
preferred enbodi nent and V2 are

tel
appr oxi mat el §URGEAROt %‘Oi”et})owggﬁtp% n‘gng“ ﬁ?la ethe CfB% gﬁ%&??efrﬁahdes a first
readout ci r aniast belé@dedbly an sresymten peamteadr 160 Dcmdure&&Oby dhostgspanse to the

control sig # t d the second
readout cir Q%t 5h§§6‘) ﬁ 4%{%%9/%} Qﬁe ;égv3§%fs 1??9{38 %{9%& a%uthé 1)251 Qm% the V QUT2

si gnal at thﬂahtem2{)mqnadenmnaﬁblstbppmaﬂiw@nﬂmOthees}fenmtm needéd gure 3 is
asinplifie L o] I : enpl oyi ng the

pi xel cell sqagrgq%}%éﬂ%%gg@cdguog?gﬁgts% ggls oar?gkllel%ltﬁs%ﬁaglspresent

i nvention. The pisz@memqrwﬂmm%v%wr%rmﬂr glfprpropiding smeinterédces ar r anged

in rows and bﬁabéémsuseFQxﬁd a@qmﬁ@bms@mmew&raexfeh& &OPRdedseF 114 for
provi ding the V OQUTI q{gg and a second conduct or 6g for providing the V

QUT2 si gnal 14&Hke BrOEaTR 1o e %eahéub%efeg%%whaza‘% Wkt (B3,
Simlarly, thgfuge tiSepdledtitingd Shager conteals tgafmaintioWght leodls ead bpazticum.

Figure 4 is a flowchart illustrating how a signal processing program may
enpl oy the |%P%W P¥%ensor to capture and process i mage data m accordance
with one errbodi nhrnme@mkxoﬁérnmtesm theniveproiedsensor E2aping0orated icant r ol | er
asserts the i e 250 and

di ffusion 2 a?'&ax’h?r% %\gt é?gﬁ% dﬁ\%?)%geEgﬁlem%g%?%ﬁmr%ﬁw’g . In step
404, the corh@rcbwl@d laB‘sfértQﬁ'letqﬁ?ef@B@bH@ reset si gnal (1G to reset node 267
by device 284 ang, m@@ﬁxb%aﬁnérqu@em&%ggrc%m Qlrh 2QIPis tdRe2b®P 2406, an
image is collected on node 2 1344 PCTI US00/ 03105 In step 408,
the cont r ol Mept RI8EsPINPHRIOWTHEE BFORAGN? apxnchudeBrapiisad us¢the pi xel val ue
on node 254 ihwrfR@d @GREY) tlallonid Gy hgirdevticRitk 8 ialpravdd sepsdrlio2Af ter this
transfer, node 267 contains the value corresponding to a pixel capture with
an |ntegrat|on time period of tinme Tl (a first pixel value). In step 410,

after an additi o@abrationef p€ieildfd6éof tine T2, node 254 will be at anot her
val ue (a second l. [ (o) addi ti onal
time period of Tigi'g(%h1 lwlyEQSt%gCtégg%ﬁetsg{ﬁh&%cﬁggﬁ%gg}l & 15’M{ngnal (RS1) to

read node 25electhr YifgiTha chil 184 inchwigs am inputdod tecdyog thm@mgmabll%l val ue
(V_QUTI ) onpodR wmih g%npfrawﬁﬁdm&sg&%ettmme@&qﬁo@%qalsh@saﬁgkén on, the
controll er asserts thg second readout signal (R to read node

(cont ai ni ng 1Phsereratas twn Rixe! Yadnesehl 3¢ whishgre pravi RAPIRPAAFEHNG Pftﬁm t 280.

The first pixel Tivedrti@itdcMu©dl &e i rB@éjﬁceZIGﬂ)@@d&EﬂUécﬁﬂCkréﬂei @&afiourth node

224. Thus, and V_OUT2 i ut erio T1+T2. In
step 412, fwﬁrr e%‘ﬂ?récﬁrtatl: f%ﬂeaa?h‘ég(% wﬁﬁﬁlu%gggagc?ﬁﬁpfcﬁ’f ‘fj{ﬁ’tnﬁﬁn val ue
(v_aJtl) ar @r@pmem@umolkﬁrarem:mmcaesfsiwe&amemrilhfecs]ll g@faxhchxelps esenting a

pi xel captur r n | and V_OUT2
an be 1ot i SemsRye G P Y A A 3SR E s SIEHR e el T ¢

enbodi nent , cmmélmogtmmlﬂamedeﬁMmMé@m,wmaghxreqf.l ‘Bhesstepre bet ween V
QUT1 and V. %&h R0 DAPRALE 03 bt BandPRR SHELE Atk the
application .operat rons suc a statistica ue generation may be
preferred orprmebledenﬁnmséﬁé@ﬁbmﬁr@fertdfr@lbw;&blrefe@m:g totfigutedcal pl ane
processor, and tﬁ§h+mg%refr@@&i at af&ﬁyup&ewe@sﬁsgwmug% inputs. These
user inputs may inc but are Mot limted'to, picture size (e.g., a wde
angl e pi ct uRecesseddn a|sisBanfaghien-ylngis embprimeny dhase isagrsqupeessinge, sel ect ed

conpr essi on y@altde6 hiddbk (e With eddh RMBHALS &e ;L&asam@a@q,ahk@md for in the
conpression), and the use of flaslb?hén t aki Réctu e user inputs

that are noé’lrocieFﬁ‘“l‘&uBWlt% agpoqipfed paththeother o Blr"é{affaX Zfrount of
conpr essi on no@ghbwd) infths fgupe irodrdeorpr ety theﬂsxagfm anount of conpression
i ncreases, the conpressed signal |osessSpicture information. Mreover, a

| onger tine is needed to performthe conpression. The processing tinme
involved to performthe conpression nay affect a system designer's decision
whether to integrate a signal processing circuit with the pixel cell or to
enploy a circuit external to the pixel cell, to performthe conpression
out si de of each pixel cell. WO 00/ 51344 PCTNS00/ 03105 These user inputs
may al so affect how nuch dynam c range conpensation is used in the system
Once a user specifies these factors, a host processor or rrucrocontroller,
executl ng f| rmaare or software gener at es appropr| ate control si gnal s and

o o .



The information may be transferred between SPFB 508 and SFB 504 through a
serial or parallel bus. The control signals for this bus are the typical °
read/ wnte signals, data signals and clock signal. The sensor 504 includes a
plurality of registers that store and provide control signals, timng

si gnal s andY9%P¥#*top signals for the sensor 504. These PEHESI063YS nay
include integration tine, and information to specify which rows and col ums
to read. O her signals.inclu art/stop signal, for .controlling the
transfer of dat ah?’BWfdtl%eenosf%%g‘S? af%‘o‘f‘%lé”htg@tpr @88855‘8’?‘18?8%%??3 Thi s
start/stop sregpabcessryg auit aggociared witle padnptoleing wéthetpxa aspeidiuhe operati on
of the sens i Lhe. i I Vol ICl ude out puts
provi ded by%?ﬂ%mspéaﬁggﬁﬁattg‘-%r?g?rcﬁzjerl?te:Oﬂéln -Sf%{]‘g’%%l,s‘“%ﬁpg{@isﬁég ZJand t he

st art - of - f r &ingle AUeeLTSFESENBMBUtal so i ncl udes an input for receiving user

i nputs as descri beghtRhSMHeP W8 Bod iR BhdGreQbht¢AvERBn TEGlre ARG esQRP! €Xi ty Of
the canera, set _exposure tinme, w ndow size, and aperture. |'n _general, these

are inputs tWE11§mayhe Biegriedinta eachrixel gl -narthe PrrieTedembedimentt t he

m crocont r olth@focalgpland @ddessorl120 nthAkR fnhyBmeticASvith e Aridsabtd D¢ s into a
code t hat itLH_\é\{r't via the 512 bus to specific register in the sensor.

Al t hough mt Werred enbodi nent, the sensor functional block 504 is

i mpl enent ed by ehydltynatiyecorbpidiment ahy forat plane pratessse mayderduegrated echnol ogy
(CMOS), it w t il i.n rt{ that the SFB 504
iy be i ol Shei el AL S oy RORE B O BBl B B RB Rk 2 10° S5

00/ 51344 PCHeissded @3hasngiafpreperressimgund?0 for sedsaiuthnn thegrizsdl bl ock 504

i npl ement edai’i‘%k@@lfi’t A PLRELSSod Bt BRRPSAM thOuAs BRI 9868k 1ol S that the
sensor functionhal bl ock 504_i npl enent ed WItF‘I a CCD process, generates an
anal og i nputfeiprira@ricatingss EASHRTRIN AtSiRMaPrePRERSSBEANI| |mAY &afeiveed as in a
CMOS pr oces glatal fisth bdt8 S dpBed teBlunthsl I ithig brdh@amard, &icSsinde peepiRBdsing @ signal
functional bl qck 504 inghemalnt edfa\g_th a i:lVDS %ﬂroces . _geney ates a digital
i mage out put™tATEY SPHBAEIhT ¥R %O AIAEHHTONGTRS e eg‘%F@ g58llvi a a second
bus 520. Thénchidesage outputs,®déh pmeyprbeesaingnireddey reveiveoyie oniput f@nga, FLASH
menory) or Iy G...Mniahire Card). The
renovabl e ng%F@Lﬁ%aé%gggé%%ﬁ?ﬁQé’%%éﬁgf(gl}lh@ata frominmage capture
devi ce to the PQnfapterfagiveigmbogineres dhefpcalplone prodesshamayfre PC i s equi pped
with the ap i : ot A it . As an
exarpl &) w LR o Rl R aRERl AT ekt (R PRI ey be

t r ansf er r ed<¥gutEny e rabplape PERSEsED apeliorhea pmpeRsEOICIMItsigh and t he

i mage dat a pRYbAIRED alter t‘hie?%ﬁbf tR€lpixerdri @b AR G6 thoddfy tRE AJtMkese processed on
the PCor b transrﬁttﬁgleﬁa%’n\l)&he PC over a c

onputer netwqrk to other
devi ces confRAEERE TSP 2} BN PrOfERsRg Mayiplier H&,P‘ga ‘%far@
appr opri at eepplgyessihagurrdnnding g fedcer therbhibactesbndsloda kinglspiksl. #s0 coupl ed
to the SPFB i The,interface, functi | block 518
transl ates f%glg%éttge%%%g%gggg%}jgggggg‘g?%ﬁde?e (O gﬁﬁ%y Q‘&S%é"'&g Sble to a
di spl ay devweoyrsling pixRiF$Gt isgordeterorinehieroneeds tovbe coropersafion for timge f or mat )
or to a perg&@?l conputer (PC) via serial bus (e.g., USB protocol and/or
RS-232 protocol). Figure 6 is a block diagramillustrating in greater
detai | one enbodhndted previeuslsPERNGYd 581s moyided 5 stoTqdat8RAB 05087 ncl udes a
sensor tim REaNgrdEeths Rl idteiadihg0adh ik AslprE3L: digdr dfshepiRbfd to the SFB
50:1 via the fi r_stdpuaﬂ?lz The  sensor tim ng and control functional block
636 gener at BVERIRTh T UMEIRSH MY dAA ey ingede BrRgER™E {oHRSE BRI ont 1 ol

functional hirtekdfsal sigialiprotessihg (BSIR)Rsh prixtltata SLisi@adAE, Pratdssdt OF a
programrablf Io%iég arr.ﬁ% Pflf_%or gng OM)@%’I suitable i tegrated circuits. A
direct nerot$ BEkRSE HFROR - SgEHay gn 1 dpprudaghyred By tBe assigne8 12 and t he
second bus &2Be pr@ehitihvattonalile proxasbel40, dater thedweetior dfe B 504 to the
storage uni 16_and the interf functional block 518. The DVA unit 650
is well- knoéxfr? ﬁarPTrﬂgy 5?&0%?1%“\&}\% Iﬁﬁeﬁuontcgﬂgs'descri bed herein. The SPFB 508

al so i ncl udes a ltlihgidigital progeadingpbibessiagegis(deGRied untdtthodath ibl ock 640. |In

the preferr i t l.oc 40 | WO 001 51344
PCT/ US00/ 03 %’ﬁ%ﬁ%ﬁi% t%"'faﬂg"???ﬁ Hﬁ% h%gg{agP R%F%%%%’i%%*éﬂ@%bcﬁ ments,
the DSP functional block 640 is coupled to the second bus 520 or to sensor
timng and control functional block 636 and the read only nmenory 660. It

wi |l be understood that the general architecture described in Figures 5 and
6 may be nodified to suit a particular application or optimze a specific
canera system i npl enent ati on.



The DSP functional block 640 is configured to performspecific signal
processi ng operations such as noise renoval, conpression and other signal
processi ng operations. A nenory or storage unit 660 such as a read only
menory ( ROWo bms1saupl ed to the DSP functional block 640. Bdpustdiod10660 may
store specific instructions such as a signal processing program 664 and a

| i ght netering program 668. The DSP functional bl ock 640 nay be | npl enented
by a cust omesgspledaat iherostrrordsser (nat spvartied thd FCuilhe bﬁslp@qesarmm om gat e
array, or a >Nt RERP iygir ed around
the mcr ocor?tg?g)reﬁﬁl?ﬁ% Aaeﬁilorgfﬂr?{er Sui ?gclb}{nb&gﬁggld@ cét}lr}{fslgéjFor a

m crocontroPF@?lﬂfagé@‘fmﬂproach an Intel 80296 or 80X296 m crocontrol |l er may

be enpl oyed. Al thgugy 1'1_1'1191&'5@5 @1é1h{gi§\frécﬁﬁ&§l deNQPRBRLYuRH i h&oA%LNi t 660
as a separat eqkégn})onent fromth Pﬁp tional block 640, it wll be known

by those skt gachings gf png %’PO‘%‘H@“& e BETF R HdVEROT, SFEashipieber] brogr ans
f) f gk b|4 gaggoz:manaae% hmtlﬁ@hqam)ce]mg &Ers&f’é?@tfhﬂgﬁbl I(kﬁ’e:&h@ft&S@feHéHﬁ% i ggalj

oc or. e e associ.at ed e enbedded in
a microcont P%{ ?&{T@al )@ 5§ ‘t“é’”? FFETRAHPE £158 qﬂ%%e?%%ﬁ‘i%na bl ock 640.
Figure 7 il (hestinafteselzreditpat are "$§ sigani"athing isp@ifbi coeivinge transfdai ch t he
| mproved SelE‘%R{d dgér&ng?tgp{e??&&it 'z{‘s"tﬁé‘tffg%gﬂﬁ v) B €0 P! %@%r‘?@m@%zcoqﬁgt er

system 700 és a evi ce A sibcon

conput er sy§tstrearioot sigpald @r@lr@fﬁer mﬂ@rlr¢cytqazsdh@déﬂaslx@)rbm 8, a _
m crophone (:gm fR OV in asawmes&%ﬁ %m)erelﬂaft&rixfe%a% 2GPBRARRY 1 ate i nput
devices for receiving u er 1nput he silicon eye 704 is coupled to the
personal cofigbdler (PC) 720 via appropriate connecting devices such a serial

cabl e 730, or arEchfg%Ee'l eéll pnReehed a ﬁfk@ho&@@%ﬂﬂar thﬁhﬁg'hgﬁll ar@pl e 730 may

be coupled to the P a a serial port con |aI port

st andar d (sﬁﬁfﬂ“‘éé‘o‘é&%&a?a%?twr?rp SEVRBYE Egﬁﬁ'ég%c rP"fFé{}S 2% npl ement ed
tn aCCOI’dan@l@o\/blddﬁeﬂ'ﬁtthﬁd&oﬂ@lZ?O fon @rewvidingtersapixel muw}iekexﬂwtedescri bed in
greater det frr to ang EVJCgUTls g/Sn%SA' our %Tolé%gg 93101' Vi he | mage
signal is then stored and proce By ¢ m Cropr ocessor , di sposed on
a not her boasagoid pixeFvajue éheBeinafter rbfeomld tdlaagTeaM_DU'ﬁlsenmll)ng m gr eat er
detail the conp  system having

Uil PYSHET L SN ReF UG S reldbeReciBFRLEE Y, &

the silicon eye, the |nterface funct bl ock 822 are
i nt egr at ed gartirpllenthas epraals thersensaseIplay OB figatzeses sighplandsthe sscendnt s of t he

silicon eyereg% gnhD & &bét'tﬁ@ﬂrs‘?)ﬁ@d@gﬂd 8dc8Ad nBak q@ﬁﬁcﬁpélycm&éwershow for

receiving lig an i nput for receiving user 42 and includes an out put
for generat Ff}?é"{‘%@l%eﬁﬁlw’s ﬁhﬁé@é‘sfeﬁs‘&néletlolhéﬂ“s 6F1Prﬁ‘tbet“f‘iﬁ%hﬁ‘ﬁ 53t 288pr opri at e
connecting steamd:ﬁo&scrrvasca@nsx@s hﬂp&ﬂﬁhﬁd&B%e Aneatimé bh Elid ehecmRElect or . On
t he not her bo

t t f bl ack 0 b i ded
o transt ac GriaeFHRBE MRFSE AHEh B SN EPFOPRALE RS At her andlor 0.
further conémmltehanplm{gdmetﬁarsarqadoumgxhal$@m@douedflmypa<ebwu8&4m The storage
uni t 816, 'lhe‘ﬂ?étrr%td%‘inhrihé &%ogggéatc@ht gﬁ&i%?@a%‘d'i ﬁweds%l/ér?uen%xél%aﬂfét needed in

this enbodi nent since r%uter syst enpl oyed to
store the ifragehe Rrondwedey Weﬁﬂsﬁ@élﬁw'a béefrlalﬁd@‘ﬁﬂ@@:é'@ésetmthy ( DRAM) ,
a hard dri Ve sinaRfiymed 61 traRBEARIINAIS: SERNIAE ARG forldhed COMPULET System
A mcrocontrol I"er 808, described’in ction Wth the inmage capture

devi ce, is #PBed 1ﬁ8nF6%@@E"ﬁ§Bb§§§?9m1n thls enbodi nent since a processor
880 of the conputer system nay be enployed to performthe signal processing
and /or any |light nmetering processing needed. The processor 880 may be a
Pentium processor with MUWT" technol ogy sold by the assignee of the
present invention. Moreover, the nenory 850 may store the signal
processi ng program 864 and the |ight metering processing program 868 that
was stored in the ROMin an i mge capture device. The nenory 850, the
processor 880, and the interface functional block 840 comrunicate with each
ot her through a bus 844. The exenplary enbodi nents described herein are
provided nerely to illustrate the principles of the invention and shoul d
not be construed as linvting the scope of the invention. Rather, the
principles of the invention may be applied to a wi de range of systens to
achi eve the advantages described herein and to achi eve ot her advantages or
to satisfy other objectives as well. 13 WO 00/ 51344 PCT/ US00/ 03105

CLAI VE:



1. In an image caphire system having a sensor, the sensor having a first
node and a second node, a nethod of capturing inmage data conprising the
steps of: a) resetting the first node; b) resetting the second node; c)

col l ecting i on the first node; d) transferring a first pixel value
fromthe fi%t %@gg to the second node after a first pred® F@Wlﬁ?‘ﬁ’éb”tlrre
period; e) reading a second pixel value fromthe first node and the first

pi xel value fromthe second node aft%bl%Isecond predeterm ned tine period;
f) performng an arithmetic operation ornthe first pixel value and the
second pi xel val &gnalo gen&ﬂﬁcfé?twnr esult; and g) providing the result to the
| mge capture st-em 1 tre—step-jof
perform ng an @ithm&t ?érsg%bg?fag? gﬁ&gwo}}ﬁgq?Pésg%ms?ligldb\?gl ue and lt he second
pi xel val ue i pi&} udes ttﬁecmdewsetfslgmtenmqymgo eese\lethgmoeddwéeage bet ween t he
first pixel v secontTT . —hod laim1,
wherein the step of pr e “ Bl =Rl o%e |Pragle cap rure %ystem

i ncl udes the step of gérrﬂomdﬁrﬁgthﬂ'ﬁemwem di gital conversion|on the

result. 4. Thﬁfb{ﬁd— WFW an
arithmetic opgrdation o?&rsﬁfeg??ﬂr‘t;s p| Xe alue a?r(\i i 1(raStsef:iond pi ¥el val ue
i ncl udes the RSP of pSetardreadowsignabémpidyed t tHatiahe sseonghsd®n [on t he
first pixel v WWWM
operation i s p&rf Ol red St PHA Al $OEREFSBPNENE fadhe fir in the filrst node

and the seconfiVIOUE2 arjSesdass vél vahld prieegireignd eohekeohaeddeal Ty |ot her than
when t he tran;t.er_si_g.:JaJ_Ls_asseLLed_Ld_m_OMJ.&M_ECILUSOD_ 03105

The pixel cell 102 is also provided with the following power voltages
(VDD, V1 and V2). In the preferred embodiment, VDD is approximately equal
to 3.3V, and V1 and V2 are approximately equal to zero volts.

The pixel cell 102 also includes a first readout circuit 270 and a second
readout circuit 280. In response to the control signals RS1 and RS2, the first
readout circuit 270 and the second readout circuit 280 selectively provide the
V_OUT1 signal and the V_OUT2 signal at the third node 220 and fourth node
224, respectively.

Figure 3 is a simplified block diagram illustrating a pixel array 104
employing the pixel cells 106 and the focal plane processors 120 of the present
invention. The pixel array 104 includes a plurality of pixel cells arranged in
rows and columns. For each column, there is a first conductor 114 for
providing the V_OUT1 signal and a second conductor 116 for providing the
V_OUT2 signal. There is a focal plane processor 120 for each column.
Similarly, there is an interface circuit (not shown) for each column.

Figure 4 is a flowchart illustrating how a signal processing program may
employ the improved sensor to capture and process image data 1n accordance
with one embodiment of the present invention. In step 402, the controller
asserts the first reset signal (PG) to reset node 254 by device 250 and diffusion
256 to a predetermined voltage (e.g., approximately 0V). In step 404, the
controller asserts the second reset signal (IG) to reset node 267 by device 284
and node 286 to the predetermined voltage. In step 406, an image is collected
on node 254,



6. In an inmage caprtire system having a sensor and a controller for
controlling the sensor, the sensor including a pixel array having a
plurality of pixel cells arranged in rows and col ums, each pixel cel

having a fiwgbe4ioge for collecting an image, a second ”OdFCT/ﬁdﬁumf node
for providing a first pixel value and a fourth node for providing a second

pi xel value, a focal plane processor for processing the first pixel value
and second pi xelInsedpuds, therehirolerakset Bithe tiangfet siggal (UK} @ temafer tisd Ng t he

t f: 0 l, | a first reset,signal to reset the

;‘5 [ reg;s (rjlode %’B(ep Vaé %%chrl?n%ﬁle Snsgszéyg%f”}pﬁ%y‘%ﬁ?wgﬁ %@raqﬁgg%?ﬁ‘ng a second

reset si gnaAfuentlrnfesahsfemeo@e&?rmmmtethteo'atdae:opneepm@mgﬁomemxvlaI ue; c) the

pixel cell RObiRn Ml LIRGR 4B Jdid deiihe POALHIEALEMRNG DY A NE F1 1St
Tir

pi xel val ue; t he contr er asserting a nsfe |gna
t xansf er thélof'Pﬁ*@taffﬁ%ﬂloﬂﬁélﬂm@qu@ﬁmqfﬁ’énﬁfn’gpdﬁéa‘éwtﬂbb@ teansthesnd node after

a first predgte(due664 pixepv;ﬂ@é)lmto%tﬁé}qn&%ﬁﬂ&ddr% aaaﬁr%tal mea first
readout signal to regﬁjha sec pi xel value fromthe first node to the

third node B#PTof ecf@“%\fog“e‘c‘”’éﬁf’dtsrt s fstiread g seneldRP D40 reacknede st pi xel
val ue from meth&ﬁcgmrbdfmaeﬁadb@t dift@itf200r The 8dad pixel v4l8e (W UTDI@Ne processor

f th ti ti he f t I dth d
D xel Vel uene Breririndd P8 Rird Sod b TnahBonl g Fonb e Gedtor
provi di ng t the seesul readautisignal (Regetocapd mode 2§/5 (comaining fediremtiked of claim 6
uner ol n 1 . 3l 80 gkl LRGAL BLANE PLACSRPONELIBIILUNG (Propir] et i ¢

operation inc st pi xel
val ue and tmnmlﬁ?ds pro&eded/@ItbefouTﬁenmiti’dd T@DSCV_@WBEIHWE@@T@ it he step

of the focag,utghggled %ggglqg@bf%gwlgjir@g the result to the inage capture
system i ncl ud he focal plane %rocessor performng an

anal og-t o-di gi t al SE?Bﬁ]\}gf wmt%matt%vaﬂegmw 2) and\AerquoY i5teg224190CT/ US00/ 03105
9. The net hpgduofv @ETTNRe phesed td BeiRIRdeirRl Hipasiyrdi WepreSerdipr0Xi mately 0

volts. pixel capture with a greater dynamic range. For example, V_OUT1 and
V_OUT?2 can be ratioed or have different gain curves applied to them. In this
embodiment, processing step 412 determines a weighted average between
V_OUT1 and V_OUT?2 using pre-processing unit 116. Depending on the
application, other operations such as a statistical value generation may be
preferred or needed.

The operation of the pixel cell, the focal plane processor, and the
interface arcuit may be affected by user inputs. These user inputs may
include, but are not limited to, picture size (e.g., a wide angle picture or a close-
up picture), light levels, exposure time, selected compression algorithm (e.g.,
an amount of lossiness allowed for in the compression), and the use of flash in
taking the picture.

The user inputs that are most influential in the present invention are 1)
the amount of compression, and 2) the type of compression. As the amount of
compression increases, the compressed signal loses picture information.
Moreover, a longer time is needed to perform the compression. The processing
time involved to perform the compression may affect a system designer’s
decision whether to integrate a signal processing circuit with the pixel cell or to
employ a arcuit external to the pixel cell, to perform the compression outside

of each pixel cell.
9



10. The method of claim7, wherein the step of the focal plane processor
performng an arithnmetic operation on the first pixel value and the ‘'second
pi xel value includes the step of the focal plane processor performng an
anal og-to-digital conversion on the first pixel value and the second pi xel
val ue bef or AWt it hnetic operation is perfornmed 11. ThECHESIWEISE cl ai m
6, wherein the controller keeps the first node and the second node

substantial |y segregated el ectr ther n.the first transfer
signal is assertgh ﬁnﬁerﬁﬁusrnagaggghéﬁg% 8ﬁggnM%n%§nﬁg a) a sensor for
capt uri ng i ragpedsat@mniavsadgnithe syspinxePneg 2 a§erhae¢xhgs thegs! factatsi 2 hossf pi xel

cell's arr an%gce'sgbé o?%cx%@gnﬁ:&l r@l%cu%nﬁhé%'or%@h@a@@%bﬁ@a@s first node for

col l ecting i‘nage second node node providing a first
pi xel val ue apﬁrﬁpf&\tﬁ‘W%%Bél‘éaﬂér““b‘ﬂéﬂwﬁhd’aée%%é‘r?defﬂc%’é? value; ii) a

first data condugire 5 GRUNbE&AdkEranhes drhinfdh e&egﬁxréaév@@mm@fgcafdltl%gntge ]first
our noadae Tt or

pi xel val ue; | econd, dat a conduct led to the

connunlcatlﬁ@“?ﬁé“é@%&%dgﬁP?Bﬁ“ﬁ pggmrpgéﬂgr tar rpfenrsd QAR HOSYr coupl ed

to the firstuslaioaalislBeISEDY) ol ek rhgexﬁmndoﬂart bmnqﬂahattecﬁ OThg ecei ving the
res |ve responsi ve

first pixel vaIu and t

thereto per fEF A d"cgﬂngllﬁ?%ﬁé?@ &?yalf‘l (5lﬁle ltnﬁ%o?’ f" Efxewexlelﬁggg? ue and the
second pi xelfoasdplage peogssoed 2}, end imtefadet circtitvd 24 desdribpdl éamBigpreolc €Beor havi ng
an out put f |0t i ' ed to the
out put of e%ﬁgp ocacghgﬁgtrggg d %2%?3 }grfo or smgtfgﬁtgog\?%&ogﬁgﬁ? g@% ane
processor t @ fasthns Dlénﬂatﬁ)ar‘d cophpk BEhads arecoupheticated briavesa tiseEB f or

control ling sbbsnéms\gogtmngﬁme s OR& 2. frh@sPPBTSD%ls&irQHﬁ'éaﬁ ncluding a
first reset S|qnal a_second reset signal, a transfer signal, an first

readout si gERUTAPIGISERinpalt o HRe 1ees ARt I%%Yg’ﬁéIIUdetaﬁéPEUerrﬁﬁth% aglyittsranagi ng
t he transfers &dd gé&tn% ﬁﬁ@gﬁbg&cmemhn@]egémﬁ@ the focal plane processor, for

cont ol | g the £osall BLANE BL 963 Rlirel PherTRIRGHRY b4 5 Ay HEST! TUTE SHEET

through a serial or parallel bus. The control signals for this bus are the typical
read /write signals, data signals and clock signal. The sensor 504 includes a
plurality of registers that store and provide control signals, timing signals and
start/stop signals for the sensor 504. These functions may include integration
time, and information to specify which rows and columns to read. Other
signals include a start/stop signal for controlling the transfer of data from the
sensor to the host processor or memory. This start/stop signal may act as an
interrupt signal to suspend the operation of the sensor for short periods of
time. Other signals may include outputs provided by the sensor to indicate
end-of-frame, end-of-line, and the start-of-frame.

The SPFB 508 also includes an input for receiving user inputs as
described previously. Depending on camera model and complexity of the
camera, set exposure time, window size, and aperture. In general, these are
inputs that are selected by a switch or multi-push button that the
microcontroller may “read”. The SPFB then turns these user inputs into a code
that it writes via the 512 bus to specific register in the sensor.

Although 1n the preferred embodiment, the sensor functional block 504
is implemented by employing complementary metal oxide semiconductor
technology (CMOS), it will be understood by those skilled in the art that the

SFB 504 may be implemented using standard CCD processes. The principal
10
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format or monitor format, or still i image format) or to a personal computer (PC)

via serial bus (e.g., USB protocol and/or R5-232 protocol).

Figure 6 is a block diagram illustrating in greater detail one embodiment
of the SPFB 508 of Figure 5. The SPFB 508 includes a sensor timing-and control
functional block 636 that is coupled to the SFB 504 via the first bus 512. The
sensor timing and control functional block 636 generate timing and control
signals. The sensor iming and control functional block 636 may be
implemented with a custom gate array or a programmable logic array (PLA) or
any other suitable integrated circuits.

A direct memory access unit (DMA) 650 is coupled to the first bus 512
and the second bus 520 and buffers and transfers data between the SFB 504 to
the storage unit 516 and the interface functional block 518. The DMA unit 650
is well-known 1n the art and will not be described herein.

The SPFB 508 also includes a digital signal processing (DSP) functional

block 640. In the preferred embodiment, the DSP functional block 640 is
11
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block 640 is coupled to the second bus 520 or to sensor timing and control
functional block 636 and the read only memory 660. It will be understood that
the general architecture described in Figures 5 and 6 may be modified to suit a
particular application or optimize a specific camera system implementation.

The DSP functional block 640 is configured to perform specific signal
processing operations such as noise removal, compression and other signal
processing operations.

A memory or storage unit 660 such as a read only memory (ROM) is
coupled to the DSP functional block 640. The unit 660 may store specific
instructions such as a signal processing program 664 and a light metering
program 668.

The DSP functional block 640 may be implemented by a custom
application specific integrated circuit (ASIC), a custom gate array, or a
microcontroller having specific DSP hardware configured around the
microcontroller, or any other suitable integrated circuits. For a microcontroller-
based approach, an Intel 80296 or 80X296 microcontroller may be employed.

Although Figure 6 illustrates the memory or storage unit 660 as a
separate component from the DSP functional block 640, it will be known by
those skilled in the art that the unit 660 and the associated programs (e.g.,
image compression schemes) may be embedded in the DSP functional block
640. For example, the ROM and associated programs may be embedded in a
microcontroller that is used to implement the DSP functional block 640.

Figure 7 illustrates a computer system having a silicon eye in which the
improved sensor of the present invention may be implemented. The computer
system 700 includes a display device 702 having a silicon eye 704. The
computer system 700 may also optionally include a keyboard 708, a
microphone (not shown), a mouse (not shown), or any other appropnate input
devices for receiving user input. The silicon eye 704 is coupled to the personal
computer (PC) 720 via appropriate connecting devices such a serial cable 730,
or an inferred connector (not shown). The serial cable 730 may be coupled to
the PC 720 via a serial port conforming to a serial port standard (such as RS232
or UCB). The inferred connection may be implemented in accordance with

methods well known in the art. As will be described in greater detall in Figure

12
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functional block 812 to comprise elements of the silicon eye 804. The silicon
eye 804 also includes optics (not shown) for receiving light, an input for
receiving user input, and includes an output for generating the digital image in
a serial format through an appropriate connecting device such as a serial cable
830, or an inferred connector. ‘

On the motherboard, an optional interface functional block 840 may be
provided to translate the image information from one format into another
and/or to further conform the image to a protocol supported by a bus 844.

The storage unit 816, illustrated in the digital image capture device, is
not needed in this embodiment since memory 850 of the computer system may
be employed to store the image. The memory 850 may be dynamic random
access memory (DRAM), a hard drive, or any other appropriate storage device
in a computer system.

A microcontroller 808, described in connection with the image capture
device, is also no longer necessary in this embodiment since a processor 880 of
the computer system may be employed to perform the signal processing
and/or any light metering processing needed. The processor 880 may be a
Pentium® processor with MMX™ technology sold by the assignee of the
present invention. -

Moreover, the memory 850 may store the signal processing program 864
and the light metering processing program 868 that was stored in the ROM in
an image capture device. The memory 850, the processor 880, and the interface
functional block 840 communicate with each other through a bus 844.

The exemplary embodiments described herein are provided
merely to illustrate the principles of the invention and should not be construed
as limuting the scope of the invention. Rather, the principles of the invention
may be applied to a wide range of systems to achieve the advantages described

herein and to achieve other advantages or to satisfy other objectives as well.
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b) resetting the second node;
c) collecting an image on the first node;
d) transferring a first pixel value from the first node to the second

node after a first predetermined time period;
e) reading a second pixel value from the first node and the first
pixel value from the second node after a second predetermined time period;
f) performing an arithmetic operation on the first pixel value and
the second pixel value to generate a result; and

g) providing the result to the image capture system.

2. The method of claim 1 wherein the step of performing an
arithmetic operation on the first pixel value and the second pixel value
includes the step of determining a weighted average between the first pixel

value and the second pixel value.

3. The method of claim 1, wherein the step of providing the result to
the image capture system includes the step of performing an analog-to-digital

conversion on the result. -

4. The method of claim 1, wherein the step of performing an
arithmetic operation on the first pixel value and the second pixel value
includes the step of performing an analog-to-digital conversion on the first
pixel value and the second pixel value before the arithmetic operation is

performed.

5. The method of claim 1, wherein the first node and the second
node are substantially segregated electronically other than when the transfer

signal is asserted.
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pixel cells arranged in rows and columns, each pixel cell having a first node for
collecting an image, a second node, a third node for providing a first pixel
value and a fourth node for providing a second pixel value, a focal plane
processor for processing the first pixel value and second pixel value, a method
of capturing image data comprising the steps of:

a) the controller asserting a first reset signal to reset the first node to
a predetermined value;

b) the controller asserting a second reset signal to reset the second
node to the predetermined value;

c) the pixel cell collecting an image on the first node represented by
the first pixel value;

d) the controller asserting a first transfer signal to transfer the first
pixel value from the first node to the second node after a first predetermined
time period;

e) the controller asserting a first readout signal to read a second
pixel value from the first node to the third node and to provide a second
readout signal to read the first pixel value from the second node to the fourth
node;

f) the focal plane processor performung an arithmetic operation on
the first pixel value and the second pixel value to generate a result; and

g) the focal plane processor providing the result to the image

capture system.

7. The method of claim 6 wherein the step of the focal plane
processor performung an arithmetic operation includes determining a weighted

average between the first pixel value and the second pixel value.

8.  The method of claim 6, wherein the step of the focal plane
processor providing the result to the image capture system includes the step of
the focal plane processor performing an analog-to-digital conversion on the

result.
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approximately 0 volts.

10.  The method of claim 7, wherein the step of the focal plane
processor performing an arithmetic operation on the first pixel value and the
second pixel value includes the step of the focal plane processor performing an
analog-to-digital conversion on the first pixel value and the second pixel value

before the arithmetic operation is performed

11.  The method of claim 6, wherein the controller keeps the first node
and the second node substantially segregated electronically other than when

the first transfer signal 1s asserted.

12 Animage capture system comprising:
a) a sensor for capturing image data having .
i) a pixel array having a plurality of pixel cells arranged in

rows and columns, each pixel cell having a first node for collecting image data,
a second node, a third node for providing a first pixel value, and a fourth node
for providing a second pixel value;

ii) a first data conductor, coupled to the third node for
communicating the first pixel value;

iii) a second data conductor, coupled to the fourth node for
communicating the second pixel value;

iv)  afocal plane processor coupled to the first data conductor
and the second data conductor for receiving the first pixel value and the second
pixel value, respectively, and responsive thereto performing an arithmetic
operation on the first pixel value and the second pixel value to generate a
result, the focal plane processor having an output for providing the result;

v) an interface circuit, coupled to the output of each focal
plane processor, for interfacing the focal plane processor to a bus; and

b) a controller, coupled to the sensor, for controlling the sensor via
control signals, the control signals including a first reset signal, a second reset
signal, a transfer signal, an first readout signal and an second readout signal,
the controller for managing the transfer of data from the pixel cell to the focal

plane processor, for controlling the focal plane processor, for managing the
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whereby the controller controls the sensor to generate, from the same

image data, the first pixel value having a different integration time than the

second pixel value.

13.  The image capture system of claim 12 wherein the controller is an

Intel 80296 microcontroller.

14.  The image capture system of claim 12 wherein the focal plane
processor includes a weighted average circuit.

15.  The image capture system of claim 12 wherein each pixel cell
includes a first readout circuit for providing the first pixel value and a second

readout circuit for providing the second pixel value.

16.  Theimage capture system of claim 15 wherein the interface

circuit includes a correlated double sampler.

17.  The image capture system of claim 16 wherein the interface
circuit further includes an amplifier coupled to the correlated double sampler

for providing gain to the output of the correlated double sampler.

18.  The image capture system of claim 17 wherein the interface
circuit further includes an analog-to-digital converter coupled to the amplifier
for converting the analog output of the amplifier to a digital value suitable for

transmission on the bus.
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