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» | NTRI NSI\G6R SING OF | MAGE DATA WTHI N | MAGE SENSI NG PRY hgﬁ? 11[3 GROUND
OF THE | NVENTI | . ' Field of the Invention The invention re

generally to the field of inmage processing. Mdxre specifically, the

i nvention relates to inmage or notion video conpression. 2. Description of

the Related Art In ' re devi ces,

t hose devi ces whi chuifre;)}&?&éégﬁlj g%ﬁ(téﬁ\gfgrgéﬁge orSIés:(I%gg:l‘gsaﬂcilLI ectrical

signals that are pr om]HMMEIDAmNﬂHTHMMAGEIEENSH\IGmﬁéﬁ@ESy of Iight

present in the scene, are often manufactured and designed using CCD

. (Charge Coupl ed Device) technology. A CCD i mage capture device utilizes

smal |  photocells to gener BACEGRCOUNDAF THEMWENTIGN are related to the

i ncident |ight fromthe scene that strikes the photocells. The inmaging

devi ce cont ai ns'3€ : nal array of such photocells such that a

series of signal ?h&ﬁ@&%@n?él'at@%dn&ﬁllffQCEHS‘ﬂQldlblﬂﬁﬁth@ﬁﬁessﬁ%n Niste captured and

stored. More recently, | ementary Metal Oxide . Sem conductor)

i mager devi mlfﬁ@l\lbeﬂwe@‘f?nﬂ@'%/@ll%ﬁéa IAgECH “I'QB‘HEH EHCYBPIBSI: de the same  sort

of output skgnal ﬁcgcg ondFthdRMbe@Ar O but often at a |ower cost and

conplexity. = Exa of conmmon 1 nagi ng devi ces include scanners, notion

vi deo caneras anht m%l¢l§teph$m§9f1hr= ag ciTRASH S2PUNR AV iGsE- thoe JEViFssadiely devi ces,

whet her basg Q&@& Is 6% bi@ RshokfbraPo Gl drant wi th

a transm ssﬁ%n st andar ﬁ’%f(n%sg?gﬁ?éc?&ﬁaaﬁ%ﬁgl Te:bg(\slbl sion Systens

Conmi t t ee) . anier mens"c'tqﬁ ilsht@rcsmsmmesscmaﬂreaﬁcq manyéacsed, i %@gnﬂla%m tted

not in SUCC%&'E@ RbupDe L) LIBoIBRIRCES [rgh cagibe dbbibiulfds iroipd

transmtted separatiely rom the even hi s ‘process of separating odd

and even r ophotoaei;ls gngnmlc;clchfcelr signils thatpse whitsd ie @F ingidegt Kghs fromaRe NTSC

signalhas Lighlt BEASH thoudcf0 FRikaing BGALGnats 308b Atk aGR) eve! s.

col or inforRatton encode e phase nd anp |tu e of a color carrier

frequency anfisusb pbotocelll suchaimt NESE@sif gigaals agoss an eyite fssedopon pegpaecasritscessi ng

to a conput Chprand %neﬂ;orcé‘%%@&%ﬁ& VSIS PotiblelefEsy Metal Oxide

Semiconductor) imager devices have been developed which function to provide the same

sort of output signals that CCD devices to but often at a lower cost and complexity.
Examples of common imaging devices include scanners, motion video cameras and
digital still cameras.

Many of these imaging devices, whether based on CMOS or CCD technology, are
designed to be compliant with a transmission standard known as NTSC (National
Television Systems Committee). One stricture of NTSC is that an image should be
transmitted not in successive scan rows (of the imager array), but with odd rows
transmitted separately from the even rows. This process of separating odd and even rows
is commonly referred to as an interlaced scan. An NTSC signal has light intensity
information encoded as analog voltage levels, color information encoded in the phase
and amplitude of a color carrier frequency and so on. When an NTSC signal is
forwarded for image processing to a computer system, the computer system utilizes a
signal converter to transform the analog encoded information into luminance and

chrominance digital values for the transmitted image. The most commonly used
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signal converter to transformthe anal og encoded information into | tznzi el
and chr gy digital values for the transmtted i mge. t :
| W Biesie J! pCMusED o3

commonly us 00/ 69166 2 2 OCT 2003 PCTIUSOO | 1963
| um nance-chrom nance format for the digital representation of inages is
known as YCrCb (a digital color systemreferred to as the CCR

(I'nternational . Consyltative .  Conmittee on Broadcasti.n 601 col or space).
The. conver ST HITRGIAFEE% Rel s S I SRHAER A B8 HIE™ED 1 ho

serial processiob q%ﬂfgﬁﬁladblcﬁrsy@ém fafs&eccteme@aklm:?ﬂaiohabi;cﬁasulmgvg -

m croprocessors. Subsequent i e processing is also perforned_in serial.
One not abl e COBBEEE pla)ﬁgqagcqswég) é&glr?ff'P&FFéeTgﬁf coryprsian fiom NT5¢-de d&&F0s i s
Intel's MVX(EM id R4l ah@aYe olRSRHaPHOERS SO Rrattl 6PmUfiQomhiVRiAISi &l Ble
Instruction Miultiple Data) processing. To _conplenent the use of such
processors IMCIOBIACEIETi SHORAYI IMARGPRReHDEilcalss performed ingend: Qasepwblet o have
paral l el progesabith @t plei6mffahdehrueRd dh@ phRRkHESs ﬂx&@*smé('ﬁbl'a'?érndfb‘éyt her, a
key factor in the praCF| cal application of the digital photocell 1s™that

t he rel ati véased poprgssorsiwhkigh usei IMD (Siegle bstrickien Mtplg Dptabprsessking pdet i on

all ows the ; t] . Qr.e s f
i gt zat s oo Tpmeft HELR drEeprd il Bk ISH SHE FaBhFRL AP IR
oper ati ons swefht ipdnavepacalel giotéssing v€ thecellsaustditvicaprure digicdl galtitve Fdithdérez ence

bet ween pi xel s.andior fra rat her than..t. r.igin val ues. encoded),
e s bt urey GRAF b pieRTEE abdli-dfin ey AR S et B SR BN G T ons o
be per f or nedntegratidretimesditingarding ipbetorel foetiont dlaws sterise bt yrelduvelyghwa blrost

processor. %J RY.C]:I THErbOI Ny NTL ON t is di sdcl osqeqbi;qs 20, appar at us
conpri si ng FEA% HPPIS MRS BFRHP% F Y §oURR ¥i0GP- SV YRY Ol SEIY ™ nei dent
upon it as arnhepdhtlly 8€H® bpstadions SuchgiEphRedifferbide daldafatiodsi (@here cleugiff@endeo t he
photocel | and adapted to store the analog.signal] and a digital converter
coupl ed to OREVESABI%E iaﬂ&?r{’ﬁa"s ‘ﬁi"é'rheg?aﬂ 8 G PR C%n’él‘sdﬁcépﬁ’nal into
a digital V%?ﬁmenidiﬁ:éﬁﬂt'e&tﬁreﬁﬁﬂﬁﬂb*& §idR baléDatione toepeifordd drfie Inhggiig ener gy.
BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features and advant ages of

the method &S¥icapysr hepsuicty thropgh 3 hosdmecessPhyent i on wil |l be apparent from
the foll owi ng description in which: '

SUMMARY OF THE INVENTION

What is disclosed is an apparatus comprising an analog photocell adapted to

capture light energy incident upon it as an analog signal, a sample-and-hold amplifier
coupled to the photocell and adapted to store the analog signal and a digital converter
coupled to the amplifier, the converter transforming the analog signal into a digital value,

the value proportional to the amount of the light energy.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the method and apparatus for the present

invention will be apparent from the following description in which:
Figure 1 illustrates a digital photocell utilized in the invention.
Figure 2 is a simplified block diagram of a conventional serial imager.
Figure 3 illustrates an architecture for more efficient image differencing.

Figure 4 iliustrates one embodiment of the invention.
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Figure 1 illustrates a digital photocell utilized in the invention. zfngpg[m
~2is asinplified bl ock diagramof a conventional serial imager. Figure

i 11 ustraVODOBRI4r chitecture for nore efficient inage diffAEHRINAI3F gure
4 illustrates one enbodi nent of the invention. 2 WO 00/ 69166 22 OCT2003
PCT/ USO0/ 11963 Figure 5 illustrates a per-pixel analog difference engine

according to an enbodinent of the invention. Figure 6 illustrates a

per - pi xel di gi t al Figidef eillesicaesarmgr-pcbanelog diffrgertco crgine asntrddignem of t he

i nventi on. ILED DE CRVF;'II]' 1(Ql\l OF THE | NVENTI ON One aspect of the

I nvention i n% aaeTg ‘l'ng each photocell that is used in the inmaging

array to capture Eigﬁieaﬁeluschéshae;rer-pham:gml diffezenoeieregdine azoatiing tpirot ocel | it

- may be advantageous, _i.n.devi.ces manufactured from CMOS technol ogy, to

utilize a cofBPREPEE I ﬁt‘if‘"‘ffﬂﬁ?’bg and digital signaling. An anal og photocell

can be enbedded, according to one enbodinent of the invention, with

- conversion circuitry to create a dﬁ#;fcﬁ" ]\9|tal phot ocel |
wi |l convert the anal og SI Y RETHEINY Fgrt—+Nto a digital

code, allow ng ltoﬁeoasFéeigfaueweﬁﬁéfﬁelvdichstehﬁa:ﬂm@eh hRERI that Wilsedlif @e Of

such digital photocells can be used, as shown in Ifgure 6, to |rrpl enent a

di gi t al irrag@qgirmergs LOgRPLUES & SSERF- o%ath%éﬂqnﬁﬁggﬁgm&éx/wg PEPIgEGIEIt May be

illustrates %j éoﬁL uQQﬁJ&IQ Jﬁuf&Eﬂquzfﬁﬂ] Cﬂidﬂ"ﬁcﬂn@%@?ttb inhchIbo%[B?t{aﬂgn

phot ocel | cap ures t t energy I ncident upon it fromthe scene

being i magedof iﬁlabgmmggalmlmtab@mn amppgphetoatlbeande emberdsd. acerrdingithenegr at i on

time, T, which varie ag I 4 d

i ntegration ?'Fﬁ%d m%"tlozss ﬁﬂ%ﬁw%& *n g{g?grlgd;%’réu& 3&?%45(%‘%? hoT&%h The

photocel | . Thigitsiiphogeelhwiileonivet te andlog $ignab poreoesl Hy masdent hghvinto @ d&ltsbrrpl e

and hol d anpl 120. \Wen the phptoce rq

counter 140 F%J %@&“‘gd ’B'éaéfﬁrsoc%o%&; :?hng‘:II mgd?‘ﬁygnegt%n%ﬁfe%rgg?%g% peri od.

The counter gxdlocells carbevsed, by stowndh Figgee 6 antimplemescidigial onage yE)ssib80. VCO

130 has an input |evel set 1?% a previously acquired charge that has been

stored in t h&SEahp B IMERSIY Snpl i fier 120.

Figure 1 illustrates a digital photocell utilized in the invention.

An analog photocell 110 captures the light energy incident upon it from the scene
being imaged. The analog photocell 110 operates according to an integration time, T,
v;ahich varies according to ambient light condition. The integration time is less than the |
interval needed 1o saturate the photocell. The charge accumulated at the photocell is
input to a sample and hold amplifier 120. When the photocell discharges its charge, a
counter 140 is reset and begins counting for the next integration period. The counter 140
is driven by a voltage control oscillator (VCO) 130. VCO 130 has an input level set by a
previously acquired charge that has been stored in the sample and hold amplifier 120.
VCO 130 controls the speed at which the counter 140 increases. The greater the light
intensity at the analog photocell the faster the counter 140 will be driven by VCO 130.
During an integration period for a particular charge, counter 140 is counting up, and
before reset, its value is sent to a register 150. The digital value in register 150, which is
also the final value of counter 140, refiects the intensity value of the pixel in the previous
integration period. For a motion imaging system, register 150 contains the pixel of one

“frame” in the imaging. The photoelectric charge representative of the next frame is in
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VCO 130 controls the speed at which the counter 140 increases. The dgreaCen0)
the light intensity at the anal og photocell the faster the counter 140

will be QU1 VCO 130. During an integration period fBETASERIVST Ul ar
charge, counter 140 is counting up, and before reset, its value is sent to |
a register 150. The digital value in register 150, which is also the final

val ue of counter 140, reflects the intensity value of the pixel in the

previ ous i nt egmaple Md hokrdiedit 1E®while thaicbarier 190G Shetyisg therdigimpvalier 150

contains the pixel of. on "frame" ipn the i i.ng. .The phaotoel ectric charge
repr esent at | vaRFSPRERELPS PPHTESS T B SR PR A Bu A g ovw

PCTI USO0/ 119635 F eheatdgd &l fOr fultheUbrbeedsidd) Bah lof e RigziGDpHVRELISLAG | S
generating the digital value representative of the next frame, The

regi ster 150 HEMPOsE W& IPISERPIXGLATAY MY heregquiatgdsusig the, jamefiming apd ggntiohe | ppge

or for furtherspiAeesintdde phetbdt9bicttih Bardid] Judbutti}OinQhble! fhantdiRtiodieNPose t he
| mger pixel array may be requl ated using the sane timng and control ’

sequence since t he Tshesweéhat Sreglypamis rpnge &F heicourser aehes gy dyRamisiranes of thene
i odi cal |y. g t h
perrodically ﬁgl?totgﬁlgﬂ hige stmlﬂglte a{nP ?fﬂ%’aﬁ:ﬁﬁh& daft'dd %ﬂ@f}ﬁédh@ sGRUAL fpul® vhes28 he

dynam c range _ photocel I sanple a ol d anplifier can be

equi pped to scaslappropaatenible dnemicO@ngoDayls mispatshed diecto diffesing pmaientclighange
may be m smat ched. d L fferl ' -] ; | bei ng
capt ur ed. Thecl\ei\ée(rﬁs? %‘#E%gc?rﬁéjl:’cﬁ%ge%ap g?? cgnrﬁﬁgr?%%rl& E?‘ﬂ{é‘ttegl-r?é)\éﬁk grédu{}%‘ sthﬁaﬁgn&g[ec har ge
in anmbi ent | i gindm afchidge irsowient dgbtofake schmtentires thapthe captiredenpge hassthe he

proper contrast. To adju t he nam c. range. of 1 ch the
anal og phot ocBPFe" °3“‘5*56§@ﬂ a@%éﬂ%r@“%lff%go‘i@ﬁ ‘}c‘ﬁ%"gga“b%% ae’% mg’g(g‘f he
sarr]pl emand gol Idmadaﬁﬁil,i 4 gi6tal faling aslageil ¢ tanlbeppplisdaskie samplehed aoldaynplifieod
uni formy adapts, the VCO compopent in .each ot ocel | have a dynanic
range consi st eEh figital P&%@ﬂf&%‘ﬁﬁ?‘"ﬂ’n‘ﬁ?'@h?”ﬁ"&ﬂiad@B‘ﬁHFt‘%@%QmPﬂ*}‘th ’ér’fﬁ ced
di gi tal phot ocgotocefl t&-h h@ydaniie Yarpe cékisistdnZ ®€th kit [Resefrandtient MRGicOAitENsL Ce,
or for use in parallel inmage processing architectures. Figure 2 is a
sinplified bl obke enharred digdal photasel ehFigured mavhs ulihzediffeterialimaging devich v e,

notion vi deo CRPPIGHPaRilelIMalE FocdVh titdehireses a differencing approach to
encode successive franes of ma&_e data. After two franes are captured or

i maged conpl etel y, Kigored is peirepldiediackdingramorfracopuentiord sgriakimagel.s conput ed

and this As noted above, motion video compression such as MPEG, utilizes a differencing
approach to encode successive frames of image data. After two frames are captured or
imaged completely, the difference between corresponding pixels is computed and this
difference is then encoded. This allows highly correlated or redundant image features to
be encoded using the fewest number of bits. For instance, in a video-conferencing
session, the background of the captured image may change only slightly or not at all from
one frame instance to the next. In this case, rather than transmitting the entire
background portion at a successive frame, just the pixel variance between frames could
be transmitted. In Figure 2, the serial imager utilized in CCD imaging devices would
shift out pixel information for an entire frame and then another entire frame before the
first difference frame could be computed. This conventional method required thus the
capturing and storing of two (or more) entire image frames to generate a third frame
representing the difference. The first frame, a “key” frame is captured and digitized, as 1s

a successive frame. The digitized frames are then differed to generate a difference frame.



difference is then encoded. This allows highly correlated or redundang g1 2003
. image fegatures to be encoded using the fewest nunber of bi%?m @Z{l

o nstance‘,’qu‘?’%l?fi deo-conferencing session, the backgroundP £ gsa?pt ured

i mmge nmay change only slightly or not at all from one frane instance to
the next. In this case, rather than transmtting the entire background
portion at a successive franme, just the pixel variance between frames could
be transmittedTo redus theddayandaempyiaripegl iqagdageqnvertionalieges dferPriNgagi ng

devi ces woul d ' ' P ' ; | jsqame and then

anot her entire® Irg%atr}}es %‘e o]!lr:?'!(g,:'(x'tt?1 cegng"liﬁfrtgpﬁgﬁ?l r‘faen%@af!r;ga%ﬁ%e&[d be conput ed.
Thi s conventional niigred iliesiitesed atdhitectarhdor roerpefficientinazd diffesericing. dhet wo

‘(or nore) entire inm ranes. t 0. geperat.e a third. o t fhe

di ff erence. Th‘é’"ﬁ??‘@g%fc{regﬁg??'gmgktgygéwf Fare 7% gg‘%’[‘%{re énog(igﬁ{cg%ﬁig ch%lgr gs i s
a successi ve ffrafes afithtegda@ichpared ahd dighizedr o inygnvedipoh ¢lrie dortventirmakdeaige. a
~difference frape. 4 WD ,00{ 69166 2 2 OCT .2093 PCTI USO0/ 63 To.reduce the
del ay and corrp'l?F&f’'i“B‘l‘fé‘I'‘:’“IE‘()]éEB‘il F9p RedRInSht f'grﬁgfm'iﬂﬁéqglj;é’ ﬂ?@?éﬂ%ﬁcmm is gond

cI'ng ~ appar at us,

an archi t ect ur gisi9lghizidg0 Thb phra0ti-shifOsitferedciAB ¥ppacanaras Fipiad 3 ufiligasrshifing
Il lustrates an architecture for nore effjcient Inmage differencing. The
convent i onal deschisvene gadl gf Aepcating apeeidifigrgnasdado m di f f er enci ng of

successi ve capt ur edeodsiRPESet 3f Eigﬁt dxBRylafy Malog photoetls Al AdL, G, A6 s, T,
I mprove upon this conventional design, the conputational |oad can be

reduced si gni f Aeamand 4usi Phetacedls sersure@naleelighi dntersity at figsddocagpqsgp thegeene.
digitizing. Th &@"itﬂél‘lsﬁir Vﬁbésrém fibtcgﬁﬁﬁrﬂ'}!aﬂgmﬁﬂ%f@l&?c @bt SctbRiediihe | | zes
i

shifting to achieve the goal of generating inmge difference data. Consider
a set of ei ght plctesefidariys niategrptioh timec dht BhoAGCElS A3p..- A@do naBEENeIAy  A3G

A37, and A38. gho&zggglluhﬁmg%g%s;mgg uelspﬂgl&énglmz i i1t RatHer fihe‘Rsted Q‘ga?éci ons

in the scene. ese’ | ensi are represented bg an anmount o
charge that aciymmsdedaethe emi ¢fithe inpigottion gérfoddwhiahds the satatos gl ahotegellsime. The

photocell's A31,.... A38 do.not generate 3..dl.gidt] t Q&S he

di gital phot OCEVF“W’%?&"Qit t?rcg“ispoﬂéa{?%%rlf,tgflgeﬂgt% gér%e Hcoﬁgéaé?p@s&gaésed at
the end of thetlierd £86ed foo op etiift@ells \Brieabw iof sttifieelisasmres photogtll oppws dwralfirgt | n
a given franme_instgnt), t .correspondi .shi.ft cell]l. For f
anal og phot oceffRge (alieﬁ e?‘%’“ér“g“@\&f"?%%lopgﬁﬁ F'fﬂsééqr?ssf‘.m @?gocre g\%S%P &g’ﬁllmgt
celI's stores phgicesdle!fratid! BditBrobodsf shiff deliSbutputs photocell data serially.

The row of shift cells for key frame output are designated Siz, S34. S36, S35, S40,

S42, Sas and Sas. The row of shift cells storing output for the frame immediately
succeeding the key frame are labeled S3i. S33, Sas, S37, S39, Sa1, S43 and Sas. When the
imaging architecture is first initialized, all shift cells store a null or zero intensity value.
When the first image frame is captured, each of the analog photocells Ay, ... Asg will
develop a charge representative of light intensity at a particular location in the scene that
is incident upon the photocell. This set of signals is transferred to the row of shift cells
S31, S13. ... Ses. The row of shift cells for key frame is at that instant, unfilled. Rather

- than outpuis this first frame of data, the architecture waits until the next frame is
captured. When the next image frame is captured by analog photocells As), ... Ass, the
result of the previous frame is first ransferred from shift cells S31, 833, ... Sas to the row
of shift cells S35, Sa4, ... Sae. respectively, as indicated in Figure 3. Next, at the end of

the integration period for the second frame, the signals are transferred from analog
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frame ("key" frame) while a second row of shift cells stores the phoggqpﬁmpﬂa
out put s w‘gqto&glqsuccessive frame. Each row of shift cells outputs ghot ocel

data serl he row of shift cells for key frane out put PaFESHEYPHnat ed
S32, S34, S36, S38, Soo, S42, S44 and S46. The row of shift cells storing
output for the frame i medi ately succeeding the key frane are | abel ed S31,
S33, S35, S37, S39, $41, S43 and 545. Wien the imaging architecture is
first initial iphewcelsl Az .shidhs toohe shiftselby e @amul Jas-0At thatipstams kot ows of shiffe.
Wien the first jmage.fra .S G , I | s A31,
T e i 1| ey W Sl AR, RRR. S FRIRES, S8, R0} OREh! 2
particul ar | ogeirdsafie first friame scebifecdt duat This seprasoittekey fogmerputpis 3phokexckErme Thi s

set of signals is nsferred t row of shi E 33, ... $46. ¢
The row of shi%Put {f $ sf’%‘?‘“ﬁ%‘g}’sg’r%‘ﬁg&di%a’é{np%llhdre;ﬂ[férl&}l[%?éé@? piﬁ‘#ﬁgﬁ% Rat her
t han out puts taH{pﬁﬁEf)gso, frame of data, the architecture waits until the

next frame is captured. Wien the next inmage fra LS gcaptured | g
phot ocel | s A31, .. Thaggpultofighe cugeqy ifamgsiqr '“ﬁ{“ réﬁiug“f 3é’rf’égf5slsfs P.\rﬁg‘?@@ @

transferred fromghiihbuGthlffered®ihi op>adp 310.. Difiéfeniisl ophenp 10 getéramhar dnabgl | s
S32, S34,... $46, respectively, as indicated in Fi gur&_S. Plexft §t t he end
of the integrsigmabdeleframeiottnt J1ewhish infhe resulrl previgusdiagsAkey e
transferred fr 5611 afalfp Senfal dARFranRGtpie804 K3

phot ocel | s A3f?$%?ﬂA§%“?g\é?ﬂg% SO afa el olriante Craggtiyed

i nstant, bot h. framesouwput AR fntay bowh hesligigipad-Arier [OFERTAECFT RFASCSHBo SIEE RSFF2 The 1 ow
of shift cells 332 S i Em dnB @ ufrédt $tamk loafatsi chlyshikdlt ed
out. This repr%’?@'ﬁ% gﬁgékogyw'}!rogﬁ)et%tagﬂ?ggé2. Key f?amg_ out pfl? 312&15

si mul t aneous| ybyghikdl} thel cbtire guerem frameaind keyr fame mapst it herphifieshloroutaubang to

anplifier) 310,..The.result of t rr ; Sl 8doinBleinfikhedgdt o the31,
533, ... 545 GiEerEhigl R 10 é%{ﬁ‘gsgﬁﬂtesPlfflfr%pr%% of di ?fgrcenti_al op- anp
310. Dif f er ent keglan@ pueem fiaids areverpat/pocascdathen tg cumeny frame sipetd ip Shiftsils

out put 314, whjch is the result of evi ous franme (key. df JeotidPinEgeked
fromthe curre%’t"h%i*’a 45 15§ ﬁIPSﬁllgllrta\r{\% rg%é?’t'guf 'r“aér(?‘é%gu%%trﬁrtg T4 and key
frame output 3de frame.both be digitized prior to storage or processing.

current. Trame out puls B Line g et B BHY GlEK dBRReAT
key frame nmustofjj b8 hnddsy Siffefch@sirirhe Outhiathaindlart wvo entire image frames. Depending
on the further down-the-line processing to be performed, the delta frame output 314
and/or the key frame output 312 may be digitized. In the conventional design, two entire
frames of analog photocell information is captured, and shifted out separately, after
which digitizing and differencing are performed. In the architecture of Figure 3, both
the key frame 312 and the differential for the next frame (delta frame output 314) are
shifted to output simultaneously. -
The embodiment of Figure 3 still requires the shifting out of an entire key frame
and difference frame, albeit simultaneously, before another frame can be captured by the
analog photocell. A further improvement to this architecture is shown in Figure 4
according to yet another embodiment of the invention.
Figure 4 illustrates one embodiment of the invention.

In the embodiment of Figure 4, the current frame is shifted out immediately and

is also regenerated and fed back by way of an op-amp 420.
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differential op-anp 310. After the serial shifting operation is conp}?@t(£7 2003
and the \a the key and current franes are out put/prolglﬁﬁ? en the
current fran{aﬁg%stsored in shift cells S31, S33, ... $45 is shi f"eagl%ﬁlr%
parallel to the row S32, S34, ... Sas and thus, becones the next key

frame. The advantages of this design lie primarily in the ability to send

to digitization onltxbgrg@zﬁa%?‘-}lﬁggf iﬁ@ﬁﬁ‘{ﬁ?ﬁ%ﬂ&@?ﬁ% fpa%en]l#a nir@& E%&’m et WO

entire i mge framel own-t he-l"i'ne processing to

be performed, Nthanslsk E,ﬁota‘)écﬁfmg,w,t-mﬁw&ﬂ:marcaﬂmﬂ/pmscuﬂt\apdm;cl for shifecetlaCput 312
may be digitized. In the conventional de@gjfn% t\é\ﬁ ent | rcfffra‘ri’rgésinof anal og
phot ocel | i nf &nwiri16FPerdveda mhiff els GonGr-< QUi B AERT V2 At er  which
di gi tizing anq?sféi;&cf(sa&@ps@da)r@smmﬁ R Ch NTh@n@hcirirheddais esgeferfiegur e 3,
both the key franme 312 and the differential for (t§he nexth frane %delta
frame output 514y opramp 42Aand fed bpek wup Fuey & shift el Souse I SR 8MB5di ment  of

Figure 3 still, cﬁ&hﬁk%%&?ﬁaﬁﬁs‘cﬁa BELKOME ctfentita@Bid diferléRtdfaf AR a pReRibus
difference fraffe, albeit simultaneously, before another frame can be

captured by t fiemeahidted gupfahaoueaylof shiftcelistheSni hhe Sijfsrraring berves e cument
architecture i, shouth B ibfffeds SECARHROPY oh ¥£hmBa Bes proatec srar  of

the i nventi on.fran\‘i:iaﬂ ustrates ohe enbodi nent of the invention. In
t he enmbodi menbyafixeFiifitrenceframibeutputr (distsefial ameging sysient has ghegniendedrpdiAnsage| v

and is also regenerated and fe AL TMRatid® 1o WaiV¥er an
00/ 69166 2 2 O EPY °“b%f|°ﬂl§fig/f’%%§§?¥ﬁ*? “é’g%?%ﬂftecturg of Figure 4, a
current i nage ehfifRmeSofpiel tnew Heycapmredr Oadinaily, thelframsaladisidideaddil s A0,
Al. __AN which are then passed in paral lel t | £ I Gl ThEN
respectivel y. SSHANP{ragg ?‘gﬁgbﬁfg .“frﬁfﬁ’csfﬂﬁciatd%(f)%&cftﬁg&gé%?Eé:gcflwg‘ar ame data in
a cascade (buyckdbcrieidFere # athimmes kichn limhittion Go serfdhgnaging: -ampste dat a
is regenerated by an op-anp 420 and fed hack to an array.of hitucel I's
SN...S0 as sh@ﬁﬁ.”'g%h‘f “°%@@'ﬁ’éf‘é‘f‘gﬂmgﬁﬂ éen‘tém}g’f’%cﬁbg e 0? lellaﬁftl)r};l((sl?g the
current frame ggyidinhfehe BaapiliagaiMobsting Pighaliimtgrity i thereass lof bp-ewip 488 ask t he
array of shift cells SO ..SN The differenciﬂg between the current frane
and the previ clifferapgtyosigiaisdnpieicasssi o™/t Bp- anp 410 and produces a

pi xel - Figure 5 illustrates a per-pixet analog difference engine according to an
embodiment of the invention.

The embodiment of Figure 5 allows the transmission of multiple difference
frames based upon a key frame. The imaging apparatus would first capture and transmit
at the image output the key frame where none of the pixels are differential. This key
frame, shifted out via shift cells Ss, Ssz, ... Ss4, 15 also fed back into an array of analog
holding registers Hs;, Hsz, ... Hsa. Prior to being fed back and output, each pixel is
passed to a regeneration amplifier R5 which regenerates the charge level of the pixel to
avoid 1oss in the delay of transmission. This feedback of the current frame into holding
registers Hs;...Hss assures that the frame will be available as the “previous” frame when
the next frame is captured. With the completed frame thus stored, it is possibie to
calculate a difference frame and transmit this difference at the next frame cycle.

To achieve this, the output each analog holding register Hs;, Hsz, Hsz and Hsq 15
linked to the input of a differential operational amplifier Os1, Osa, Os3 and Osg,

respectively. The current frame is captured by analog photocells Asi, Asz, Asy and Asy
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by- pi xel di fference frame output. This serial imaging systemhas the 2 0CT 2003
I nt ende %gge of providing both the current frame and a difference
frame w out aving to wait for an entire frane of pixel PGH{PS00{14943¢
captured. Ordinarily, two frames, a first frane and a second frane nust
both be captured before a di fference frame can be generated. The
architecture of Figure 4 elimnates such a limtation on serial inmging.

Op- anps 410 vwhese aurput is passrsio meher ipytafidifétential ersrational amplifise OneQhgHed by
one of skill jpoL! h?es ctuvpl tAft%Ff?Hlkgy ﬂi‘rﬁ@:sttﬂﬁsrﬁﬁﬁabit kel dufisut YacPRBSGLard
signal integrity 'n se o 0 and dlfferenC|ng two signals in
the case of dmmymanﬁmgwﬂ@s BIC|dlﬂfQI§tCFaﬁtl§§’CaO Berpreyisus| framer 58y GaMe &t ence
engi ne accordin [ of
Figure 5 all owsgwﬁgbfr aﬁgﬁgggsbn%fcpmﬂt&? %g%?g‘%}e‘)ﬁg&eﬁ%pﬁgﬁg&gd upon
a key frane. flbes nmagpemgnsmipad atthsompmlminl‘nhpscxt(kapframeimir@dr adisasput taat  t he

| mage out put t one of . 1. ]dé” This ’
key frane, fﬁﬁt]*%hﬁegﬂ[és'\rﬁ& Iéloln %%cr@gégléoﬁg@g &{a dadfyed back
into an arr aynflbg 341l A9, A;qo‘gglaﬁ@%@gaspdcewey,mﬁhmhﬁ@fmme 1s}dcsnt%d) theto bei ng
whi ch r 6gener A EENE TR S Bt OPavr R RES ket 89 0 6o PBEETH the. del ay
of transmi ssion. Thietect ﬁgﬁmw s@&wrt)hﬁseﬁ%rc@éﬂoffarsafﬁahﬂlbgnhmﬁ;ﬂextag Mg eqgi sters
H51. .. H54 assures that t s" frame

frame will be available as t revio
when the nexis:H Mangnd Mssgiehifoutgs eifler therapproptisp ket Teme F%grﬁ’?ﬁé -‘6’( ed, it
i's possible tg, aﬁ@h&uregﬁ&n@clgj S BSOS faf@ W8ra306), DL A DS rld Oy & deifelioyence

at the next frame cycle. hieve this, the output each anal og hol d| ng
regi ster Hb, ,thmhcm}mamr tpisHify oglis $atn365c$51 #diSse respertvelyr Addgioptlepenef o
oper ati onal d BEPG N thel BEdeSeH TNt
frame is capturecf“l%éﬁ%%gﬁ%ggﬁgfﬁg wg: A53 and Asa 7 WD 00/ 69166

220CT2003 PCT/ usatigu&messm@@eogupmgmtdq@&wwewwwﬁms#pm of
differenti al 1_@Pratl ?{h rU%nglfler b1, 052, 053 and b4, respectively.
After the key® © FANSM' Tt ed, at the output, each subsequent frane
may be transmi ttedﬁ'&&nﬂiﬁdmdinf ibié!i‘lgmmeﬁ aibhrauhc\mnsmsslhEObmehiM ¢rerade or key

L 2 TPt S e R L) Bl 0P indm aB5Rar ot st St 4R Rins
at the image output the key frame where none of the pixels are differential. The initial
key frame which is captured by digital photocells (pixels) D61, D62, D63 and D64, is
output on output bus 600. Simuitaneously, the digital pixels D61, D62, D63 and D64 is
fed to a series of digital holding registers H61, H62, H63 and H64, respectively. This
feedback of the current frame into holding registers Hg)...Hss assures that the frame will
be available as the “previous” frame when the next frame is captured. With the
completed frame thus stored, it is possible to calculate a difference frame and transmit
this difference at the next frame cycle.

“To achieve this, the output each digital holding register He(, Hez, Hes and Hea is
linked to the input of a subtraction unit Se, Se2, S¢3 and Sea, respectively. The current
frame is captured by digital photocells D¢, De2, D¢3 and Dgs whose output is passed to
other input of subtraction unit S¢1, Se2, S¢3 and Ses, Tespectively. After the key frame is
wansmitted, at the output, each subsequent frame may be transmitted as the difference

relative to the previous frame as computed by subtraction units Se. Se2. Sg3 and Ses. Any
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frames may be transmtted to the output until the next key frame is720CT 2003

desired put to each shift cell S51, S52, S53 and i of
66188 ?’r‘fxfé@“ﬁ?@“

ei t her twe entire original franme captured by analog cell A53
and A54, respectively, (when a key frane is desired) or the difference

out put of the oper ational anmplifiers 051, 052, 053 and 054, respectively. A
sel ect signal 15 f oAl LhPhEXers
Mbl, Mb2, l\/t'%I c? f%g%%ﬁnt:hdlﬁ%{jes?gﬁ? lglglra 9%%2@%%?%6& ate éw rtame dat a
(frame A5,, AE)ZframAfsaieaxmﬂ Aso, respectl vely) or difference frarre data (051,
052, 053 and 054) S desi.red b i cati i s S51,
S52, S53 and Ssa, %%tgﬂttbusg]fm%m tofgﬁ]a (Eh V\gﬂa#@%{xﬁ Sq réﬁ ‘1"5 anIB simlar
~architect ur e an@iDsdor Hiffetence ﬁ-mge‘phels (ore salﬁttafenoraumterer S%Sdesdsubed Fi gure
6 illustrates a per-pixel |taI di f er ence cordin

embodi nent ofi"ﬁ.’eﬁ‘g é’?}i“‘i‘ ﬁjI‘Fé‘mé‘ffﬁro s’r‘?‘ésnt Lﬂ’ eélm{jrf'?)& }(?

- transm ssi on dgferenektd @ldet ﬂgrfafl @fo@ﬂ&ﬁvn)ﬁsrs%ﬁﬁs ch\ﬁt&ﬁxd onﬂmgnalanl|;<1am.:jﬁerrs-mngL The

i magi ng apparatus woul d first capture transn at t put the
oyt 1 oo i Mo B Qfes AR SERS RO AT o TRt (FaDs D)t - e
whi ch is captyl e By, /s Oﬁcﬁ@ély)ﬂﬁﬂh’ﬂﬁﬂkkﬂaﬁ@'pﬁ@isf’(ﬁorﬁ@s, SPH8s3 aB8sand D64, s
out put on output bus 600. Sinultaneously, the dlrgltal i xel sdD"gé)2 2, D63

and D64 is mﬂectttyehf) ainpigatedy Aaﬂlgpleaérhgwsll RHS § dF’s"P ase ppgyide 6463 and

H64, respect 'i\)i%' Jﬁ'rﬁ nﬁa%éb@;kkneel chitrueiel FRRbet giRdTRiediptio hol di ng
regl sters H6 assures that the frame will be avajl abl e as the

'‘previous" frane \mhenxqmtéaxmemboqimnﬁ dessrivad hasein gre AP YIfed Rerely R RIS EARd frame
thus stored, if ﬁ%&éﬂ ard%abeiw £ @EANS Bindifir We S3ge b @BS t
this differ er%'tlz‘ﬂ't ar?:pq%; nexl V%n(ﬁaorre o S To a(l;hl eve this, the gut put each
di gi tal hol diimegntieni Bather. $He pringigles o QlfwnmquﬁmY@aPPh‘W@é“ﬂ@W? nput of a
subtraction unit Sel EIn'aY: I hIdVE oftdf SRktapdsioREE 1S
captured by as?'smf'aoacﬁ§?%tggl§$§m%§ %ﬁa 3 an ‘Do vvhgse out pu% i s passed
to other |npunsfpbﬁmnhhjtmtszsnwﬂihlt S61, S62, S63 and S64, respectively.
After the key frane is transmtted, at the output, each subsequent frame
may be transmtted as the difference relative to the previous frane as
conput ed by subtraction units S61, S62, S63 and S64. Any 8 WO 00/69166 2 2
O C T 2003 PCT/USO0/ 11963



nunber of subsequent "difference" franmes may be transmtted to the O%JE ey 20m |
until the next Kkey franme is desired. The output bus transmts one o |
either the key frame pixels (from D61, D62. D63 and D64) or difference

frame pixels (fromsubtraction units S61, S62. S63 and S64) depending on

what the applicant/user desires. Based upon the desired node, key or

difference, a select signal (not shown) is sent to each one of digital

mul ti pl eWhakisBimed 862, .M63 and M64 whi ch then accordingly routes either

key frame pixels (from D61, D62, D53 and D64, respectively) or difference
frame pixels (f c%% A3 and S64, respectively) as indicated. |
Addi ti onal dilgji‘ﬁ'gﬂzziiiB out psuts srllsggar to those provided by Msl, M2, M3 and |
M64 may be repeat edl onstructed for each pixel desired. The exenplary ‘
enbodi mnt@ﬂ’gﬁoc%ﬂ%ﬂﬁeﬁer ein are provided nerely to illustrate the

principles of the invention and should not be construed as limting the

scope of theampleewdhold ampiifich erfirsttinputpo tlmcsia.pip%anﬁ]‘hdldl&nbliﬁ&fﬁeh%fhnnﬁy be

applied to a wide range of systens to achieve the advantages descri bed

her ei n amtput droacthicauslog phefocaltl Rt bR @ to & ' iR Gl yes as
I b ALY £ e ci&ﬁr@%%?%%ﬂ%@éﬁ%%@?%‘ an

anal og ; wlifier, a first dnput to the sanple |
and hol g@fae%%??/ %Jlgarg%bgl?rr%ﬁl lneaﬁgl}{& gdug‘“‘?’%ﬁf‘%‘gw%“oﬁ"%é@%@%? fealed second

input tqQ the s | e _and. hold anplifier being a reference voltage, the |
sanpl e SARITLA 108 REPRT PEhe 5r4iaG Bhotach o repine efitbe oRputbaamecatolabbyi on of

the output of the anal og photocell, the scaling of the output being

control It'é‘?jfeﬁ%mﬂqqf@ltﬁﬁ@;@nénce vol tage; and an analog to digital converter,

the analog to digital converter converting the output of the sanple and

‘hol d anpl iakianalogdo aigihagembnmtmanaloéfto_a@&h%nweﬁ&idaavéﬁingE}Fcdﬁ;&&% of the

anal og photocell being chosen to match a dynam c range of "the anal og

1 i Rl eSO A P R

bei ng based, at least in part, o ent con o) he

appar at Yg, 18 phbRbEN BeinyPidseh b &gﬁh%nfylnglgict r?mgtl. gfl the lanﬁggn Kﬁcﬁtﬁfern with b | ses:

dynamic range of the analog to digital converter and being based, at least in part, on

ambient light conditions.

2. The apparatus of claim 1, wherein the analog to digital converter comprises:
a voltage controlled oscillator, an input of the voltage controller oscillator being a
output from the sample and hoid amplifier; and
a counter, the counter being driven by an output of the voltage controlled oscillator.
3. The apparatus of claim 2, further comprising a memory, the memory storing an

output of the counter.

4. The apparatus of claim 3, wherein the counter is reset after a certain period of
time.
5. The apparatus of claim 4, wherein the period of time is an integration time for

the analog photocell.
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a voltage controlled oscillator, an input of the voltage controller 77 0CT 2003
oscillator being a output fromthe sanple and hold anplifier; and a
counter, the counter being driven by an output of the voltage controlled
oscillator. 3. The apparatus of claim2, further conprising a nenory, the
menory storing an output of the counter. 4. The apparatus of claim 3,
wherein the Cﬁgﬁﬁnﬁ{h ids reset after a certain period of tine. 5. The
appar at us of R4 CRMBFENE: t he period of time is an integration tine for
t he anal og photocell, 10 2 2 0 C T 2003 6. A nethod conprising: inputting a
char ge of 1mpuiheg 8ghargoobe ehdlog phatosshtpl assaampit ol isbldamplificrer ; i nputting a
reference voltage to, the sanple and hold anplifier; nodifying the scal e of

t he anal o@nphﬁﬁ@@@éfbreﬁﬁ@#ﬂ&gﬁ%ﬂﬁshﬂ?lesﬁ&[ﬁiogdﬁﬁﬂiﬁg}ld anplifier, the
nal og phot oce

nodi fication of the scale of the a charge being controll ed

by the ref&d; ; r L out put of . the sanple and hold
anplifier to1 E#?g ggg Sza?lgltoﬁg’%}sscg{ae%%?wg’ﬁgmlmwl char ge
bei ng nodi f.i.ed t sanpl g. and ho anplifier to match a dynam c range
of 1§ be BRRNSES SRR mOR ROt ha s ok e anbeE Bhpipesi sharss heimg cmmBed bg | he
out put of the sanple and hold anmplifier to a digital value, and the scale
of the Hiulciyenostioitageslandchar ge bei ng based, at least in part, on anbient
light conditions. 7. The nmethod of claim6, wherein converting the output

of the samphecrtinglahobigut GithE bdrhsle ah@ halddnslifRl to/AligRalCANRY | l%ézge%rppl ying an
e

out put of the sanple and hold anplifier to a voltage contro oscillator;
and dri WHdhafbgGshéRd i VQl.t cont 1ol |

oscillator. 8."The cﬁgtcﬁ?)ﬂgeg? ﬁ?ﬁ%%h%%vﬁ%r%@ lea&gﬁﬁfmpﬁ%%rttﬂ@agc ter is
‘proporti . t intensity of. light on the anal og photocell during a
previ oug%é:é?lﬁﬁho?ﬁh? 0 b‘%‘%‘&fllftBIaquﬁﬁmmd'ﬁB&W@WRm? forgenvegingdhie of ¢l ai m

8, further cop;%ri sing storing a ,count fromthe counter in a
output of the sample and hold amplifier to a digital value, and the scale of the analog

photocell charge being based, at least in part, on ambient light conditions.
7. The method of claim 6, wherein converting the output of the sample and hold

amplifier to a digital value comprises:

applying an output of the sample and hold amplifier to a voltage controlled oscillator;

and
driving a counter using the output of the voltage conf}ollgd oscillator.
8. The method of claim 7, wherein a count from the counter is proportional to the
intensity of light on the analog photocell duﬁng a previous integration time period for the

photocell.

9. The method of claim 8, further comprising storing a count from the counter in a

register

10. The method of claim 9, further comprising resetting the counter after the

passage of the integration time period for the photocell.
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regi ster 10. The method of claim9, further conprising resetting th3
counter after the passage of the integration tinme period for the 2 0C7 2003
photocell. I 1 2 2 OCT 2003 11. An digital photocell conprising: an anal og
photocell; a sanple and hold anplifier, a first input of the sanple and
hold anplifier being an output of the anal og photocell and a second i nput
of the sanpl e and hol d anPIifier being a reference voltage; a voltage

control | ed oskl Andigtal pha gepkbeempdsingie vol tage control | ed oscillator being
an output of the sarnple and hold anplifier, the sanple and hold anplifier
to scal e tdmeanalygphotdcellf he vol tage controlled oscillator, the scaling of
the input to the voltage controlled oscillator being controlled by the

reference ¥ahiAdend 6418 ahBliGEE Vi : t ch the scal e of
the input to éﬁ?iynarri caﬁ;’nge ’%ﬁ%@ﬁ@gﬁq@a‘%e g“nfﬂfdé‘?ﬂ*‘gamgﬁﬁffﬁeé%?ﬂ input to
the volt trolled citlator baged at_.least jn part on anmbient |ight

| evel s; @%&%ﬁ@gr@dggsp&g@&e £IGA S I‘\@“@Bﬁ@?é?‘% énd hald asaplifier bewgr ol | ed
by an outrp_ut of tEgg voltage controlled oscillator; and a register, the
regi st er? ISEACAJOEMBuUt put of the counter. 12. The digital photoceU of
claim1l, wherein the counter counts for a specified tine period and

wher ei n t hevaltage tentrdlied ossithtogtantifigut @) theGlolthfecdnittdBed® 84dilPflor beme ai'€ di gi tal
photocel | of claim 12, wherein the tinme period is an i ntegratlogn time

peri od_fotpuk BetRNahBE PRGN Ehbrifidhe ol g hala Oaﬁggﬁ[%‘% % doaff e st I L

wherein the output stored in the regis I's a

an, int ot ' Lncl.dent on the | og durin he prevjous

i nt egr a’? ?glr? ‘%ﬁllt%e %&e%?;t(lj[gl_i Q%gﬂgt?ﬁéﬁ)cd?caﬁ%? ﬁb‘:ﬁ’b‘&@ C%Pltt%ﬂeaﬁ%ﬁ@u?d wher ei n

t he, di it.ﬁl Fpot ocel | i%l intﬁl uded in a pixel array. 12 2 2 O C 12003 16.
A met hodSd W’B gpﬁﬁqntrol ed by the reference voltage, the reference voltage to be set to

match the scale of the input to a dynamic range of the voltage controlled oscillator input

to the voltage controlled oscillator based at least in part on ambient light levels;

a counter, a speed at which the counter operates being controlled by an output of the

voltage controlled oscillator; and
a register, the register storing an output of the counter,

12. The digital photocell of claim 11, wherein the counter counts for a specified
time period and wherein the counter is reset at the end of the time period.

13. The digital photocell of claim 12, wherein the time period is an integration
time period for the analog photocell.

14. The digital photocell of claim 13, wherein the output stored in the register is a
digital value that reflects an intensity of light incident on the analog during the previous
integration time period.

15. The digital photocell of claim 14, wherein the digital photocell is included in a

pixel array.
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appl yi ng an out put of a anal og photocell as a first input to a sanp?2¥ﬁ¥5m3
hold anplifier; applying a reference voltage as a second input to

sanple and hold anplifier; nodifying the scale of the output of the anal og
photocel | using the sanple and hold anplifier, the nodification of the
scal e of the output of the anal og photocell being controlled by the
~reference voltage, the scale of the anal og photocell charge being nodified
to match a dyHad metwdgemptisinge anal og photocell to a dynanic range
appropriate for converting the output of the sanple and hold anplifier, the
scal e of tidmlyiagyah egtpRhet L& ﬁH&% [ : | In part on
anbi ent | i:gﬁ’tylg%ndi tgtlpons; anddgappl y?g;p,?g&(%@%ﬁag%m@ﬁgig e and hol d
anplifi%?“é#?é? voltage controlled oscillator, driving a counter with the
output o e Vvoltage controlled oscillator; saving a count fromthe
counter; and resettjng the counter at the conclusion of a tine period. 17.
The et hodfPBIYIRE &Foference Vpltageian a serond iinput pethie sampls and hokd smplifidrpn per i od of
the anal og photocell. 18. The nethod of claim 17, wherein the count from
the count enodifyigathedicale of the mgputofithe didlog Phetorell hsidg #e ahiildhddholgher e n
the count fromthe counter is proportional to intensity of Iight incident

on the anglifgr,nhehe@fidation 8f the scale of the output of the analog photocell being

controfled by the reference voltage, the scale of the analég photocell charge being
modified to match a dynamic range of the analog photoccll to a dynamic range
appropriate for converting the output of the sample and hold amplifier, the scale of the
analog photocell charge being based at least in part on ambient light conditions; and
applying the output of the sample and hold amplifier to a voltage controlled oscillator:;
driving a couater with the output of the voltage controlled oscillator;
saving a count from the counter; and
| resetting the counter at the conclusion of a time period.
17. The method of claim 16, wherein the time period is an integration period of
the analog photocell.
18. The method of claim 17, wherein the count from the counter is saved na

register.

19. The method of claim 18, wherein the count from the counter is proportional to

intensity of light incident on the analog photocell,
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