; e3e' $, $6>TWD 00/ 52639 PCT/ US00/ 05785 * (00001 TWO ARCHI TECTURES FOR

| NTEGRATED REALI ZATI ON OF SENSI NG AND PROCESSI NG | N A SI NGLE DEVI CE FI ELD
OF THE | NWNbls&®NeS The present invention relates to an int pgraiseiossgnsi ng
and processing device. Mrre specifically, the present invention relates to
an architecture for the integrated realization of sensing and processing
within a single device. 10 BACKGROUND Currently, Cellular me mﬂm

(CNN) build a paradi gm based on a set of canonical different mm’m
(Equations 1-3 below) that define a set of nonlinear dynam c | nt.ggpgetions

between cells in a (usually two dinmensional) 15 grid. There are several
degrees of freedomin setting up these interactions in the formof feedback

and feedf dr\W& ARCHBREET, FOR NETHEGRAEER RBALBZATIONGF on 1 ) and the

L1 e oend: gyl ARG PREGESONG 1 SEREgh, ) ond Lhe bies

mani pul ating these vaI ues. The nonlinearity conmes fromthe nonlinear nature
of 20 t n fo uation 2). The function "f' can take on
differe E eristics. Programm ng a particular function is
t’hen del egated to finding the right conmbination of A B, x(t=0), and | that
yi el ds the desired Qut cone Lyen.a pattern of inputs (u).
This type of 3 au siRERT ey B BeitlePiahERe JaB BRI ot o of
Cel | ul ardediet ONREr@ s ftichiR wtﬁ& pi‘éeéwdéﬁuémemes foha afeiRctur! fodkir Neur al
Net works) and it incorporates the best features of both concepts. Like
Neur al Nategwatedgealizatior ofsensingasd piogessingavitne aalngtemeviezal -t i me si gnal
processing, and like Cellular Automata its local interconnection feature
makes physical realization in VLSl possible. Its grid-like structure is

ui t abl M—ém WO 00/ 52639 PCT/ US00/ 05785 for the solution of a

gh- or first order nonI inear differential equations on-line
and in real-tinme, In sunma can be viewed as an anal og nonli near
dynami ¢ pr océ?s}gtﬂnﬂar@%ﬂ)ﬂm"ﬂ@rﬁé\%qwoﬁkﬁ@NN) banpaipgragdigm besed ovedl | . Each cel |
recei ves s mmedi at e r f Vi eedback). and
al so erﬁI\(gpﬁje?%%r dé“&f?'b%aé e(@leauﬁns( glsg lgrsgﬁéé’ﬁ%sgﬁ /or previ ous
| ayers) noIhﬁ'ea?a?x%meaxhte@%re%me%eﬁywuk@ﬁ@ twaeéﬁﬁeﬁﬁ&?dl) onships: z Xx,,
(r)y=-x,,(r)+ ~~ cy~, cloy,,cmt ~B". kl (u~l (I'),u,,(r~)+l" klcN~(q) AIcNr19)
10 Equatgrxdn 'Ifheye,are sévexdl degreeruatifrasdon? impeiting up-tHesEpieradtoms 3n 18 where a
represe ts t resents the state, and y r resents a nonlinear
functio O’S‘F OFﬁ’@ E@Edi?éggwarde‘aelﬁmsznaéneéme V(aﬁre ! and A and B
represergy biis, £ 41 RY; ,%rgma B5ns dfIn@sthi¥P LGl 9\%12 Aﬁaﬁql g@fpecti ons
bet ween tqhe nerF ors1 eeg@(g nS20 V\(g?ght g& r) th uelntrr)eis of the matrix A
in Equatbmmuirebrt,s (Rindfgatioh B). CcONNeag ir famsprbgtramrme”ald))swm;sofy array (input
wei ghts. or entrles of the matrix B in Equation 1 ) formthe programmable

cl oni ng Mapaitngsthess \Ghiesgl Reaiplineassy egmpelroBihs PIMBEYURMS 9és of vi sual
) OCess'tfq‘@fuﬁl%ﬁ{ﬁr %PG}}{ H‘B&%}x ﬂevﬁleoﬂ%ﬁ&onﬁfr‘ﬁt?a&@E?L@@&fek&éi%ggf' c toa

particular applictatio a clonin etection 25 or

bi nocul aihd eh&hessistfee! Ptdg@dmmmgr@;barn@nmkamnet@htde hiedeo i n i mage
processi ng because of their programmability: One needs to change only the

t enpl at indéngoibe f!«ghmcnnlumtf@rce” i, B, &0 ap@d & fhat yields the desired

outcome or outputs (y) given a pattern of inputs (u). This type of
programmability is quite flexible.

CNN is a hybrid of Cellular Automata and Neural Networks (hence the

[S]
wn

name Cellular Neural Networks) and it incorporates the best features of both
concepts. Like Neural Networks, its continuous time feature allows real-time
signal processing, and like Cellular Automata its local interconnection feature

makes physical realization in VLSI possible. Its grid-like structure is suitable
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Despite such flexibility, critical problens arise when one tries to

i npl ementwidstdzoel ectronic circuits. The CNN nodel descri peguksv/dsogsat i ons
30 (1-3), however, is not suitable for direct VLSI inplenentation. In an
integrated circuit inplenmentation of the CNN nodel, the sunmation equation
i S a curfpmle RARRA SATRES-BIdePByst@f of ikt BfJeFHbﬂlin%Qxd&kfe}eﬁtiﬁ' gure 1 suggests.
By Kirchoff's law, all Currents comng into the node that defines the state
of the ceduatibnxon-linuisid i rSUBRGHRE. TId Sy, TCNRUak b26jewedMD 200/ 52639

PCTNSO0/ 05785 add to, zero. As the intrinsic resistance values ( R) are
very | ar gealegeondingardynameerrpggsseisartgye TherBasicimitof G N3 eallefar ge is' required
to maintgj i . e. .This:. L he current required
to alter heBREEES iR HBF R bR BRRRER R IE AN St 1 he

val ues ofcellhRkN@ha als6 Yrone Bi8rnal @uldes Pe. 8 Uil seh R birrfR Pfintsugh@/dr0 nake
significant difference. When one adds to that the fact that the transistor
char act epiestous daveesih general |y vary as much as 20% wi thin the sanme chip

substrat e, itT econes féﬁw that the (.x ) nodeﬁ S Bi g_hly | i kely to charge
up or down t o 8¢ FIREICaE NN eqHalon RReriZcs Ear A WSEFt i cant capaci tance to
each node. This is not desirable at all since it requires precious 10 VLS

real estate and furthiq)re increase&tré]e responsee}i me of the cell. The
VLSl i nplfgrretit att.dis &Y k¥ €RtT b haVe! not addressed this

i ssue, and as_such, t'He”current CNN“fiollel described in Equations ( 1-3) is
A8t suitabl e EBYrlect VLSl inplenentation. 3 SUBSTI TUTE SHEET (RULE 26)
WO 00/ 526739= JUMYBRY PCT/ US00/ 05785 An integrated sensing device conprising
an array of sepsQionRrocessor cells capable of being arranged into a
detection arrag. Each sensor processor cell conprises a sensing nediun at
| east on@¢r 's“c{)nduct ance anplifier configured for feedforward tenpl ate
mul tiplicati oBguaionl3east one transconductance anplifier configured for
flgedback tenplate weights; a plurality of |ocal dynam c nenory cells; a

data busfgfe Lﬂx%}n%sér{t@ﬁﬁfiﬁﬁdt, ﬁ%réeﬂt@%' stdi@%h& ngﬁ&sqnﬁhﬁn&{lfu@é{r of sensor
processor cells; by responding to data control 10 signals, iIs capable of

t r ansf or fdmgon pEhhapitangpso@ated mtlwal cat!li( igneubhen) canidgh mad Bsreprseahti mage i nt o
vari ed represenations which include (and extend) traditional spatial and
t enpor al hero¥BRGIeAPI#t8anst or mat i ons. SUBSTI TUTE SHEET (RULE 26) WO

nvanti on 1 1T QREALER0 By hay TEP R ST s 0 Ve PO T OWRG, dr awi ngs. i n

whi ch | keighef, 6F @ecagics bdieahansiAnn RjuatbeMRalohg wittecdndkdtnasng dr awi ngs
di scl ose various enbodi nents of the present invention for purposes of
i || ust r afarenthe s¢npommirayr(enpabtwveighte wd eetriepof haimatein B igdigatiaf 1x he i nventi on.

form the programmable cloning templates. Cloning templates to perform
numerous types of visual processing tasks have been developed. Each template
is specific to a particular application, e.g., a cloning template {or edge detection
25 or binocular stereo. Cellular neural networks are attractive in image processing
because of their programmability: One needs to change only the template to
perform a different iconic task.
Despite such flexibility, critical problems arise when one tries to
implement CNN in electronic circuits. The CNN model described in Equations
30 (1-3), however, is not suitable for direct VLSI implementation. In an integrated
circuit implementation of the CNN model, the summation equation is a current
based computation, as the circuit model in Figure 1 suggests. By Kirchoff’s

law. all currents coming into the node that defines the state of the cell ( x ) must

2
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Figure 1 (Prior Art) illustrates an existing enbodi nent of an architecture
of a phySwadozesal i zati on of the cellular neural network cae@nris6@bsrss
equations. Figure 2 illustrates an enbodi nent of an adaptation of a dynam c
cellular conputation nodel to the VLSI domain in accordance with the ( O

t eachi ngaddfo #Re AFERdniERIc redisthie Vanes eRrt) oroveRtiagdandi gure 3 illustrates
an al ternate enbodi nent of an adaptation of a dynam c cellular conputation
nodel t ocapseitayicgvaligpraterernstaels ditidehargait requitad tq mabidings of one enbodi ment
of the present invention. Fiqure illustrates. an alternate enbodi nent of
an adapt BﬁISQlaBY&}r/ngS_L@?n ™ é@gltﬁﬂlthdercugg W_flgllr?({c:tr? %B&e by “8%he VLSl domain
enpl oyi ngajaeat 0@ stk {sirBlatifél§ vefy eAI0rTIRNaRIeOT thelndBselcBRehts AfSofOf one

enbodi ment of the present invention. Figure 5 illustrates an enbodi nent of
an oper asuffiozht paguiasie tp makk signiflvant differenet. When analyduand that éel ul ar
architecture in accordance with the teachi ngs 20 of one emhodi ment of the
present #asyH1% %ﬁr.anﬁiismPbﬂrectFIIIM%@nage@graHM VPRSI s ?&”f WIQHEY | ul ar

ar chi t ectur I C ' i ings of one
erbodi it SR Bibsthe iEbieokits BEEPHAARER (Wbl [ Bph SHEVE T G et of
t he | ayoudhargé upofIn €a porér radNPht sér@lysSeuédiag sigdiiRanof cellular units in
accordance with the teachings of one enbodi nent of the present invention.

SUBSTI TUTEDaSIHEET t¢ Rhmogle) Thiswpongiolesizddoatpdimingdoreasirespireigus e 8

illustra an,enbodi nent, of a .one input - one.output cell.,with

e g B R T ot B s o e P e Bl ent of the
present e HhbRhenfHiGHS 6f Re lchirtii N @R deR HaVPAG MBRLss&f thiy Progr ammabl e
type feedback cell in accordance with the teachings of one enbodi nent of

t he pr eséste,iand ensuchntheugunteCNN médelid¢scababindiguatrbmd(lpEns nof a positive
and negative feedback hardw red and state initializable cells in accordance
with theSHERinoRgEcHV ot MPIIRAFOAt of the present invention. 10 Figure 1
1 (a) illustrates an enbodi mrent of two (+/-) hardw red feedback and
floating state cells in accordance with the teachings of one enbodi nent of

3
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the present invention. Figure 1 1 (b) illustrates one enbodi mrent of a one
f eedf or wawe gaRkgsocel | in accordance with the teachi ngs of pogussdagddsnent of
the present invention. 15 Figure 12 illustrates an enbodi nent of digital

i nput accomodation via parallel transistor cascading in accordance with

t he teachi ngs of one enbodi nent of the present invention. Figure 13
iIIustraﬁﬁh’&ﬁMﬂbodi ment of a feedforward cell in accordance with the

t eachi ngs of one enbodi nent of the present invention. 20 Figure 14
illustrates an enbodi ment of the results froma three input one output cell
wi th no feedbgck conngcti ons,in accordance with_.the teachi ngs of one

enbodi ment of AR HECHRAKE SFRSRE RV SOMPriEing ap A1) of PINJat FREESSON N embodi ment  of
ot Sone i GrmAs o Tie Atk el » BEEHH e BACRIGSNSOIIG, | P, L aean
Cbachi gl st d St feaifip 4 MSCoRAIRRadIAEGARAARRE W11 50

hccor gt D RE R AR BB G oRenD 0 Deent | nventi on.

SUBSTI TULE ol tah &4 1283 conl{fr8Pfor 28:3BadRGimpRROGLiRERDa ::: gure 18

illustrates an enbodi nent of a schematic diagram of a ce of a programabl e
convol utjiyMinPsf 1dYal (Pedhid Merd6G Vel Rt bilsiTot dita trimd Bgba Weabne enbodi ment
of the present invenftion. Figure 19 illustrates an enbodi nent of the | ayout
of a singkr 8l ITIRfarfahef pemgr prod@abbrecetlgbyatsponding tadatayofddlA) i n accor dance
with the teachings of one enbodi nent of the present invention. Figure 20
ith | ust r adigmalans erphbldiofeabsfofminpereshuapmgt sndohodating ihgoagehkl e convol uti uon
array (PCA) elenments in accordance with the teachings of one enbodi nent of
t he pr essensed imagntiitovariddrepragemagioas which distl ndet(erd exicehigditiasat of a 5 x 5
programabl e convol utiuon array (PCA) with I/O pads in accordance with the

t eachi ngspatitl andderaperobiPiesersingfranpferpatiddnt i nvention. Figure 22 illustrates
an enbodi ment of an operational process in flow chart format for a
programmabl e convol ution array (PCA) of the dual

4
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15 distributed architecture in accordance with the teachings of one

enbodi nenvo@b/isiehe present invention. Figure 23 illustratesp@iusyshethsment of

an el ement of the programmable cellular logic array (PCLA) in accordance

wi th the teachings of one enbodi ment of the present invention. 20 Figure 24

illustrates an enbodi mnent of an operational process in flow chart format

for a pBRIEHMES AONORTHIO PRAWINGE ( PCLA) of the dual distributed

architecture in accordance with the teachings of one enbodi nent of the

present i nverfibiedreser iguensionds illuswaied by sy af exarbpidimiwtfoldldwimg oper at i onal

process in flow 25 chart format for using the praogrammabl e convol ution

array (Brayinghip ‘ﬁli*‘éb#lhﬁfﬁéﬁ]e@ceéémqlﬁﬁt%?m%gP’@“@N‘Saﬂ(ﬂFﬁQiL%ym%f t he dual

di stributed architecture co rativekz in accordancf%rvvith t he t eachi ngs of
i

. |

one erbOEHERR Tigtlota Ao S REAEY A g Prezsnl (VBN Tof PU@Psesals an
nbodi t . ti i toi 30 ich the i ti b
S sy afio oS AR et eade e Tt tof sitpe B meiong: ment of Lhe

t i L ) UBSTI T, HEET (RULE 26),. 00/ 52639 PCT/ US00/ 05785
Figure 27 ill P 1 A il St e SRl G O pRAREe 1 vt oh L
Fi gure st ar _ _ Bt
embod: b Ysif LADAETR tﬁ%%%ﬁ%%ﬁ%&%ﬁﬁ%%f%%&@g?%LEQZG? o
00/ 52639 DETA | FD- PRSI TH G BT APIPLOSERR T L hgieng cetai I ed

description sets forth nunerous spe tails to provide a thorough
under st pigilAgcMputdifoni MYRN T @B -V IHIRWREN intRes8akk witifihgary skill in the art
w Il appreciate that the invention nmay be practiced w thout these specific

det ai | s teakhin@t bond disIaes .o\t presonoiMveinnods, procedures, protocols,
conponents, algorithms, and circuits have not been described in detail so
as not to obdcgure 3tihestiates @antltematelembodenanbOah adaptationfod ast eps or process of
the present invention are 10 enbodi ed i n nachi ne-executabl e instructions,
such as dyoamputeelulanstmmputsticrodel e therél $lutmanm 51 acaordeeceusighititeo cause a
gener al - pur pose or speci al - pur pose processor that is programed w th the

i nst r uctisashings of g drahadimend of thepresent infyentimesent i nvention. Alternatively,
the steps of the present invention n ght be perforned by specific hardware
conmponent s t AA8UTe ritlustiates AR glipat codgdimend of amadptalion i Ag t he steps, or by

165ny COﬂ%IngHCOCréH&Lr P(gn?]g{tgtggﬁegoge?wg}ee\h& domain employing analog

multipliers in accordance with the teachings of one embodiment of the present
invention.

Figure S illustrates an embodiment of an operational process in flow
chart format for a dynamic cellular architecture in accordance with the teachings

20 of one embodiment of the present invention.

Figure 6 illustrates an embodiment of a cellular architecture element or
cell in accordance with the teachings of one embodiment of the present
invention.

Figure 7 illustrates an embodiment of the layout of a CMOS chip

25 comprising several types of cellular units in accordance with the teachings of

one embodiment of the present invention.

5
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conponent s and cust om hardware conponents. The present invention is
general | ywd dgp2kd to a new cel lular network architecture phajyssats7Be
i npl enent ed successfully using electronic circuits and integrated
m croel ectronic chips, and a new distributed architecture conprising 20 two
separate arrays, nanely a progranmabl e convol ution array PCA and a

progr ammabl e Fpatrey alfsaitePhembbdiRleACESdmRdnPRe. oleWAlt ckinhe® di mensi onal
array (physical) sensor data. 25 DYNAM C CELLULAR ARCH TECTURE One

enbodi mefiitidizatihreinpiceseaiicel wivieth itenehings bOehecesboalimentiof oy pratenzi ng f eedback
structure for the conmputation of the inputs and feedforward tenpl ate.

Si m | ar | inventhen. pr esent i nvention al so i ntroduces the sane structure to the
f eedback port Fipared ilhidears enembeditiest of Bigsgranmetibld gat fedbackr eat e a new set
of 30 equations, and correspondingly a new set of dynam cs, and thus

r 8pr eseneelbinfspprdanqgcvith e i¢ashimgs aheneanehdirent of éhe pragent eedback in t he
feedforward i nput weight nmultiplication process and the feedback in the

f eedback ™ WER mul tiplication 9 SUBSTI TUTE SHEET ( RULE 26) WO 00/ 52639

PCT/ USO0/ 0578p; k€1 @R QYELar Enb&ER AT aPodkiSe BRE RedatiVe Yecddb&R qui ckly

accurul ating or losing charge to saturate to a power rail. Figure 2

i Il ustr ahadwiné apdrivecti ingiatizable ¢ele ipa@satance witk tid teachingslodmeat ed i n
circuitry. Figure Zga) illustrates one enbodi nent of a self regulating
mechani s#POHEEET of PAPTEFR i NERUIMI ti pl ying the input by B (as in the prior

L) @ TUNCt b of) 1 LORM o THBE oF4a) B SR RER Bsfknode and that

quantity is multiplie suc e 'stabiT1rzing and self scaling

f eedbackag! femitStads cellsdn accoadipls i@ thkeeghiidieofout paibodimdnbef anpl i fier from
saturating. The gain of the anplifier is manipulated to obtain a factor
whi ch i sthg presegciaveiiopnor mal i zed) version of B. In this way, the output is

consistently the i tinmes a normalized.vesrion.of "B' and,the plural
(corl ective) Fiige DB UPRE P RirafiGr HEBh MR et idh he cel 1" s
aggr egat g fLatdan@ witllifeUtachfhes 3F HAAERbRImMER VIR steichehvwehiidh sl i ght
fluctuations of the input. Figure 2(b) illustrates one enbodi nent of an

ddapt at i on of Figuee tiy ilbsirateca®! ¢robatiment®{ dogialiinpti amompoedativo viahe VLS| domai n
usi ng the concept. shown i.n Figure 2(a). I n one enbodinent, it is assuned
t hat allpi‘rﬁg‘at‘r%ﬁ@ﬁfgsce P%”éfff‘“‘éiﬁ’f“‘r“i%‘éhﬁ’ﬁ‘%‘“&é’ig@ﬁ? e"%re nonnegative) and

all feedgxﬁ%di%'h?@l:tﬁcg%%%‘?meﬁﬁ of A) are nonpositive. As illustrated in
[ Igure 2,

t he enbodi nent o V\At1 inthe circuit 20 inplenentation shown in
Figure 2(b): Fighrg 1 bidlubtrate amnanpoimipntarid feedfsiwgndchll mraecordpicesent ed as

anal og voltages a and x; (2) tenplate weights can be digitally stored and
are progWitiBbicachingiprfogy embedimenhef tbe praseitpveRtien( ) | such as t hat

i, ustrated iRn. Fauat| | 0. t c g“g!? ri-level
s%'gt uration fuﬁ‘é"t%?eoﬁ% hﬁ‘gt(%'s %ﬂ%f\&girl%gﬁtco_efgﬁ ez%%{gtsgﬁ%(é? }El%n ltg?:%l regi on of
t he i npubnipupédienit?Ro fdeaBackModnations RQcBiriancEMAHPAE tdahings ofquat i ons t hat
i ncorporate the characteristics of the circuit
one embodiment of the present invention.
Figure 15 illustrates an embodiment of a dual distributed cellular
architecture in accordance with the teachings of one embodiment of the present
25 invention.
Figure 16 illustrates an embodiment of the layout of a signed sensor in
accordance with the teachings of one embodiment of the present invention.

Figure 17 illustrates an embodiment of a dual output light sensing pixel

in accordance with the teachings of one embodiment of the present invention.
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structure of Figure 2 are listed below. -xn(t) gx Cx,,(t)= + ~AK~Y~~y+ ~

B, ~t anh~" wioerséap- xI (') ~~+l .. kleNyV) kleN-(y) Equation 4pg9utto/dEeBSTI TUTE
SHEET ( RULE 26) W O 00/ 52639 y= f(x)=tanh(2kT(x V .,.)) a~. Equation 5

and Cquation 6 PCT/US00/ 05785 where the hyperbolic tangent (tanh) describes

a basi c transgendustifiatds anCdmboditherd oMak&RWRIIC diddearfliof heeigpta al equati ons
need to be initialized fromthe cells initial conditions: x,~ ( 0 ) W

obser ve nrhgramzhls coapelotivar arGyaRE4) he agcerdagcowitk theatgagiengsud one t he

parasitics of the _.micro-electronic inplenentation process. However, in
cases 1§'€\5P?@?’8°'Pté)rf?éerpr53aﬂﬁét‘w?%% than the parasitics is desired in order

to slow down ﬁgmree@hﬁaara& nt SRR ALn BE BRAS/IUNEF a LER LARRGIL @nces in the

order of pico-Ffarads may be I nplenmented on chip. Any |arger capacitance my
be i npl eregiagmblefdonedliupuon irfayt (REA )ik etoprdanos edphieind teadshgsadf dnemi ti ng t he
size of the cellular array, In one enbodinent, the input (feedforward)

wei ght s quEyodipentad thepreespb HIVEAIG a negati ve feedback structure.

Accordi ngly, Q_EUJCWOS‘HL%PB{%&%%‘%OE%Cmto?g’ﬁf gﬁ%}?@&ghghgo;%%&{%% stabilizes the

state (x) no Whic erw se has a the way up or

down t o @nkaiutiubn Hirdye@ ) dieiReOWedccordpiteywitlaind 1édeRingt bhekdire is far nore
resilient to manufacturing related i ssues such as transistor m smatches. In

t he embounbrshmentfof Hhgypnesen® inveniéor?5 nodi fi ed dynamic cel lular architecture
nodel is shown, rein sone ass tions _have been . made about the polarity
&% inputs an\é\ﬂﬁ)é’i%gﬁt@}m%ﬂ?“ﬁ“s@%? e’ﬁBﬂﬁéﬁPW@’%’?ﬁﬁ’l% i s nonpositive.

Fi gure 3ol bighéfhe WRE V8 S48 RLb MR e with IHESEARIR G Bnd €Vi sion or
nodi fi catO:nolr)l that e%'hgjntc@ls ftﬁhe iﬁraf‘pFenent at 1|[P(%)enwscal es an(§ tﬁencont ri butions
of 30 t hemisddiherst cfshangdebent Aventidi. ngl y, the particul ar equations represent
the circuit architecture which is inplenentable in integrated

ni cr o- el ect r ofiRBrecAy; WustEies anguodinrent pf aypperaqRal progeds 1o figgy 00/ 52639

PCTNS00/ c%%?t%grmat for a programmable convolution array (PCA) of the dual

15 distributed architecture in accordance with the teachings of one embodiment of
the present invention.

Figure 23 illustrates an embodiment of an element of the programmable
cellular logic array (PCLA) in accordance with the teachings of one
embodiment of the present invention.

20 Figure 24 illustrates an embodiment of an operational process in flow
chart format for a programmable cellular logic array (PCLA) of the dual
distributed architecture in accordance with the teachings of one embodiment of
the present invention.

Figure 25 illustrates an embodiment of an operational process in flow

25 chart format for using the programmable convolution array (PCA) and
programmable cellular logic array (PCLA) of the dual distributed architecture
cooperatively in accordance with the teachings of one embodiment of the
present invention.

Figure 26 illustrates an embodiment of a computing environment in

30 which the invention may be implemented in accordance with the teachings of

one embodiment of the present invention.
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Cx (t)=x"(t~+f~y (t)+ ~f~~J t -1- ~ B tanh~ gx (2I (t)-1t )~+Jr, R

~ k' L/ w9 odf526:8!kT k~ [/eN-lr(% kleN-VI) Equation 7 )'~ ‘Pcfmfs%o/bsﬁs = tank
( 2kT (vttt t. - ~t)) Equatlon 8 Ykt = .f (xkt ) = tank( KT (xkt x't )) 5
gk and | = tank( ZKT ( vea' - vref )) Equation 9 10 where the hyperbolic

tangent (tank) rﬁg&@@’mlﬁxsﬁa@%ﬁ EmbOdimehasr J ARIEK én"vﬁeﬁrﬁemwrﬁaf:e

anplifier circuit.” In one enbodiment, the indices kl runs over a

nei ghbor hootheohvértienaedyl bd iogdé¢rnomed in dcosrdive Widedb acichings of dhe Whil e kI run
over a nei ghbor hood 0} the location ij in the feedforward term associ at ed
wth the B BQB%‘BT%‘F% hAPreseRtdp¥Ention.  he i nput (feedforward) weights (B)
are inplenented in a negative state feedback structure. Accordingly, in
this inplenentation, the feedback structure stabilizes the state (x) node,
whi ch otherwi se has a tendency to charge all the way up or down to a rai

| i mi ted by the power supply, and the present structure is far nore
resilient to manufacturing related issues such as transistor 20 m snat ches.
As such, Figure 3 illustrates this nodified dynam c cellular architecture
nodel is shown, wherein some assunptions have been nade about the polarity
of inputs and weights, such as each elenents of B and A is nonnegati ve.
Figure 4 illustrates yet another enbodi nent that enploys the usage of 25
analog multipliers (rather than anplifiers with gain). As such, the

f eedback connected anplifiers of the enbodi nent of Figure 3 (Illustrated as
Figure 4(a)) may be replaced by analog nmultipliers to inplenent weights of
positive or negative sign, as illustrated in Figure 4(b). Mreover, digital
gains can also be built by way of nodifying the analog nmultipliers gain
with the digital input 30 accommpdati on via parallel transistor cascading
met hod shown in Figure 9. By |12 SUBSTI TUTE SHEET ( RULE 26) WD 00/ 52639 5
PCT/ US00/ 05785 adding a nultiplier that is capable of sign representation,
the restrcitions on tenplate weights are elimnated. Dynam c Cel |l ul ar
Architecture Process Figure 5 illustrates one enbodi nent of the operational
process of the Dynamic Cellular Architecture illustrated above. In one
enbodi nent, before the process begins, the necessary A B, x(0), and bias
val ues for all of the operations to be performed is determ ned.
Accordingly, in one enbodinent, a O programis made of operations needed to
conplete the task, such that each step

8
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of the program specifies an operation, where each operation is defined by

t he pattemioodsass B, x(0), and bias vaI ues to be applied tq’ct'ljﬁfs I%I yl ar
architecture. In one enbodinent, it is possible to sinply obtaint

values fromthe results of previous operations. In one enbodi nent, the
program may be stored 1 S externally or on the sane chip where the

archi t ect ur BHTAILFD BPESGRERITIAN an al t ernate enbodi nent, each cell of the
architecture may contain its own program nenory. Referring back to Figure
5, one enbodiment of the operational process of the Dynam c Cellular
Architecture ill dbe tﬁdtoefdngbciaée,d dms/ri}b@niSmslfenbntlmdrozs)smd@ifw@maiishe f ol | owi ng
process: 1. STA ration.is ¢o f new data is

% h gvi ouqs1 Oth ﬁ fl

needed, get PTPFSi%h B’E(’é‘g rafanding PEthe yayentgn. oFloy }érn Héf'sol(ﬁﬂlé‘?@'d u) may
conmecfrom c i R It into the
25 aI’SChI tec%lgpém}%%}t 6el{“egrlj afcgaq%/?{ayhhgy caﬁgrtl)gﬁ de) E&gb?ﬁ?’ggéﬁepﬁput nodes
(u) from anspﬁdf&i’dwdxlsdah atheoinszacdsy wellqkhowhn mg:tlanisag&pcanhnresapnetma;nnl ng
mechanism 3. Apply the A B, and bias to the correct nodes, either
external |y EPMPORSHTS: AEH S, archyEsath Pavsrahbaendssgribedgn detapispias nohe i niti al
states (x(t %QS K f] e 3 ﬁagne nodes. 5. Allow sufficient tine for the
corrputatlon 8%5'6 ete. io'e., for the electronic circuits to reach a poi nt
where the changen%néaﬁba@wﬂsth@fstebbsr ﬁx%cé%sﬁieﬂr%nﬁlﬁ&é{l&%E 26) WO
00/ 52639 PCT/US00/ 05785 states equal s zero or have sufficiently responded
t o tife i nputmbodied inumachine-cxctiabke lssinsoom, swdhi aslvonhputkoinsponadse a static

out put, the be a specific o i mum or desired ti i nstant to sanple
t hei r out pu!t:rge }iﬁé?’ﬂé}nsﬁﬁ‘ﬁgﬁﬂsqdéof atgFiBerﬁhP‘HBPselocréB‘Fﬁl%‘r%PsFl me vari ant
wavef orm ol?@%gr ﬁa@gxs%&gr%n Swﬂh%@ S§/r§%)t1091 E&f&} tlHHtste 08Pk e(Y) ghe

state or OUPp t can be 'stored externa r 1nt rna Yy pe no

end of progprsent@oventof. ENRrnatBelyGhetsteps ) theSreseMOndantuahight be

af orenenti oned process steps illustrate one enbodi ment of 15 the

oper at i onal pglf@@@é@y(ﬁpe@ﬁ@ Wﬁféfﬁ ommeneRfp Hat poripinthardwired loggdami ¢ Cel | ul ar

Archi.t ect ure; Ie I atlon Ilustr fes one enbodi nent of a
pragﬁatl c i R'pr Or% ’o(fr rr?glrﬁ%g ﬂ)m am °|n'3peug? ure, as a sinple

5x5 array. Eb@péent dnﬁ'&ﬁbﬁﬂ&&uare components.

| f

The present invention is generally directed to a new cellular network
architecture that can be implemented successfully using electronic circuits and
integrated microelectronic chips, and a new distributed architecture comprising

20 two separate arrays, namely a programmable convolution array PCA and a
programmable logic array PLA for processing one. two or three dimensional

array (physical) sensor data.

DYNAMIC CELLULAR ARCHITECTURE

25
One embodiment of the present invention introduces a self-normalizing
feedback structure for the computation of the inputs and feedforward template.
Similarly, the present invention also introduces the same structure to the
feedback portion of the architecture. These modifications create a new set of
30 equations, and correspondingly a new set of dynamics, and thus represent a new

structure, form, and architecture. The feedback in the feedforward input weight

multiplication process and the feedback in the feedback weight multiplication

9
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20 an integrated |light sensing and processing architecture inplenented

wthin ceWbujogﬁ“@hl p based on the dynam c cellul ar architeptyiRoddsrdshi s
invention. It is understood that the inventive concepts of the present

invention may be applied to a variety of different technol ogi es and

i npl ement e Eljgmg nd as such,
t he presen'?‘u % %\?gloy?%%&%%pglg% grhr%ag'? @? ) %&?‘ll%%&ghl%l%ﬁ#érggsrlg ed |ight
sensi ng anchprgeaesaurng: arapoweecsilr es. 1 n one enbodi nent, the integrated

| i ght sensing and processing architecture based on the dynam c cellular
archi tecture of Kigpe 2 iHystratesonejesnbodiment o thegresgpt 1&V¢Iﬁ39nof i dentical sensor

| h of whieh d f
et ve: 11 griridner@ER syt Eafoftafl Bt e ReBPEN B3¢ B dt orvara 30
tenpd ate \A%glhamr%xh%mmsﬁatw&%m éaimerwaiﬁnﬁa@gen% th@@ﬁa%gmga@maearml ifiers

for feedback tenplate weights; (4) analog/ si'ngle bit digital local dynamc
menory cel Iisior @8), agudettcm dfuibe inpnt mrrmmﬂeemaw 1s(c&ﬁnbd)paﬂ nquleagd drarabl e | ogi c;

and (7) read/wite dat ﬂ)n oI S. Cr?bﬁgr@g E SHEET RULE 26) WO
00/ 52639 PCHAULYAF BuHgyied %ﬂ%nﬁaa‘e GHSGRIE 1 1 ustrated by
Figure 6, afsé/c?orabl?EDém%Bts%P&In%ta'PQa%?plﬂ% R%Eg» ntﬁg!)utkm@c;fltf?@mghgépm be performed

using, for i1 nstance at es efined by the A
and B of Eouairatiigs T(hfé)gamm(tﬁé amaaﬂaﬁaI:ﬁaynpummOQjWiahlfmoxc\amcm £onpl et ed
in a short time while it is carried S out in each of the el enents over the
enti®e i nagealet mts'mah'#rd)e@rsmmféi:e@ethtsé’@Ypﬂ@@@ng rgcangisientlyrreovenent s of

sequenti al £Ssors enbo ; e I s_include |inear
transformatF 3“6?Sgirf1oémia fﬁﬁve&}gfhgg %“8:%*‘%%‘8?3? éﬁg!}ve’}b{m}gs BRnect ed
conponent dgt eqt hé}%h@ﬂﬁo&it»bﬁlrn&t)é&?s% 1 céﬂl%@gg?@g@leoéﬂétébk 8ftp@d bowed for by the
f eedback weights i nstance, sone exanple operations EO are edge

| ocati on, nayitelboly ovgdratrowsh slight flastudiidrestaf dirg, inphi. gurg 2(lWnd er osi on.

| i ght adapt tion, scratch, renoyal textur col or tgﬁll hape anal ysis. In
addi tion, iHUSRESAPSGHII0EHRENE magfi%&“pn@ b DPAMISSHINER of the States by
pre 'ously I errpl ate

T oy to | e ASRTR e 1 C1 o euRERE S ecpPuldSh b ISpbiRd =]

| ocal vel odntoye dgibedinenn, it kassupiddahatdillriggdivasigide{ecall emried 6F Bhe errbodl ment
of Figure 6, the overall cellular chip is illustrated as a system In this
enbodi ment , Weights giccranareatioe) aﬂ%kﬁa@b%ba«el%@)l epiries o€ Mdrol [ er gener at es

t he necessary gg{r\r/reand signals to the integrated sensor processor, such as
sensor tim ng,p row'sel ect, and program code. In an alternate 20 enbodi nent,
the microcont r ol Aefngaede the Rhibe8itndaY o FF IR H1RCE $5Giin Qe ccitgi t al si gnal
processor depending on the conputing needs of the particular application at
han@0 Li kevmméem@matmmeshewnonlﬁ lm:m 2(bi:Hé) patbgr(amai raylde(a(ﬁlgbed)lam ernal ,
where a nore co at ad f’é’ﬁﬁﬁrlg)onta”ﬁ’y ﬁ 88 ﬁ | evel

m cr oi nst r UEPFCY %fc?na deBletfe¥cia g cAaPa g Bl f ers within
the 25 ar Chideg b Gre ph %r’éﬂ?nag@gﬁd (5 Pinsfet BicBof ¢ (HGc pbgnt s of a cel
are illustrated in greater detail I nstance, the feedforward and

f eedback weillgsttasednini Krjuatibis?, aanhe@acabﬂ:onhea pirognam’nmblef unkyvelmatwmateonshown i n
outline forgat, I n, addition, the |ocal ﬁ and nmepory funﬁ:@' ons are

i ke se i 110897 { 5] hds PEPCRIHFA 4550 OWRNHR arloc FFERTEOIIDE EiRubAP there is a
mai R dat a ch data transfers can occur. As such, tvvo way
congectl on?“?:laﬁ&lg%rﬁ’rgé\ﬁkbet ween the data bus and the two 15 SUBSTI TUTE
SHEET (RULE 26) TheVarféul 2588 id s ThddSasdrpirai8 shactakageritds b0me citbgi t al menory
units, the state (f)f%u and i nput Sauz Al so, connection can be nade fromthe

| ogi ¢ out pusttmat\me@ gresteprehisedpolovage to the data bus. Additionally, the

| ogi ¢ can be inpl er'@r?)ed by progranmm ng, sinmlar to that of programrabl e

| ogi ¢ array€Xx,8j y, X bE energiNg B@ﬁahﬁ—i‘—qwk,ab%ec I(Qg]+c1 arrays represent
anot her option or efthodifent.” As renti oned Hbove, it 'is under st ood that the
i nventive cévedgns of the present invention nay be applied to a variety of
di fBérent technol ogies and inplenented in a variety of different physical
architectures, and as such, the present invention is not neant to be
limted to integrated |ight sensing and 10 processing architectures. For
exanpl e, the sane architectures can be applied to any system such as an
acoustic or sound based system where there are multiple sensors arranged m
a one, two, or three dinensional grid, Each sensor elenent on the grid may
then respond to the sane single phy5|gal quantity (e.g., frequencies of the

audi bl e sound spectrum. AsgggSTITETHSHERIRUEL 28¢Nse a



15 different attribute of the same signal (e.g., each sensor tuned to a

di f f er ent wig @gagncy of the audi bl e sound spectrum. This wplluseasdse t he
frequency pattern of the sound incident on the array. Further, one can al so
i magi ne hybrids of these two, such as nmeasuring a color pattern. 20

I npl enentation of Several Cellular Mdel Grcuits Figure 7 illustrates one
enbodi nent Qt:y?g)LaMthﬂgitﬁ_Qw§§)chip 25 conprising several types of
cellular units (e.g., \/Ekradapféd cellular dynam c architecture cel
prototypes), in Baederance with the concepts of the present invention. In
one enbodi nent, the CMOS chip design may be manufactured to the MOSIS 2

m cron ORBI T ANALOG process. Likew se, in one enbodinent, the die size is
i mpl ement ed, fjhrjougly the "TI NYCH P" package that is a 2.3 nm30 x 2.3 mm
area bonded to 4.40 .pip DIP. In one enbodi nent of the CMOS chip, as
illustrated in tﬁ%mgﬁ%gdinent of Figure 7, the CMOS chip conprise el even
types of cells: Four One Feedforward - One Feedback Cells wth
Initialization; Two Progranmable 16 SUBSTI TUTE SHEET ( RULE 26) WO

00/ 52639 PCT, 785 . Jype sihti,ve .or ative) Feedback Il's; Two
v doi red. FRBTE Qi TR ee T S Bl R B ERE Srtit e
Feedback angiokdovet, ittadiferhta@ubtonsdRed R ihRRELQS MehdnO&dY ifFehl . | n one
enbodi ment, all outputs are made avail abl e through wi de range foll owers at
t he out put scaddicbi 5 programmmabl e cell paraneters. i.e., feedforward and
f eedback wei ghts, and bias are at 3 bit resolution (plus sign bit).
External inputs are avai¥dB)e via pins to set these weights through the

pins. Figures 8-1 1 illustrate these respective cells schematically. Figure
8 illustrates ong enbodi nent of the schematics of the faour cells in a
compact 10 rnamneﬁ':e qhseRve tind treegardionsrand thegssisios BdBar Re @us tosthgy ¢ n

Initializat %a?r%& iéas‘toftt{;kex?lti#ﬁ-e%fctrgﬁg ir?lgf-eﬁlematigﬁ gf'brcgss7 }-%ci]\peqfe? itk eg our one

i nput one o cells ere are ur versions of I'S sinple one input -

one 19ut put whémpll@geradabacithee fhah theRFsitRE$s @siré®indordet 18 stdvedb@nbr ways in
which the pernmutations of the positive and negative feedbacks can be

i npl enent edrestipg thesmpord prasassing, thencapacitanqes iraths ozder of Bigeoeridpl e and al |

of these ma%/l hgve een {le egentlgd. Mor eover, al | fbour el | s?der}?l ude a
state initi Y PafTBTTAREROR B o8 HERRCPCE ey NG PP st ant (t =
0). This nmeghs withahe Iih;@¥§bﬁ§eﬁu&ﬁeo§@%fliMiﬁdga¢he%ﬁéoﬁtheae@numpbﬁr@ge that can be
carried by on the specific mcroelectronic inplenentation. This is

equi val ent to dekionerggntadiments thalinppatfealfoparditweights Bparen Equati ons (4) and
(7).. Both the 20 feedforwar.d gyg t he feedback %gﬁgitiers have three bit
pr ogPammabl ERJERENEh I HDegatiye feedback Sipetuie ACSPIRREY AP YRiFe 9 i1l ustrates one

embodi ment. ol e SR felal stiurl WL O0HBTIROLE nolly REGPOST tive or

Negative) Fee Two three-input one-output selectable kind (+ or
-) of feedbathkrwisd has anreydelney toqhagyeblthed wapnp o2 Bowh td hesakelimitsdbal | owed f or
initialization of the state in a manner identical to the .

the power supply, and the structure 1s far more resilient to manufacturing related

issues such as transistor mismatches. In the embodiment of Figure 2, the

25 modified dynamic cellular architecture model is shown, wherein some
assumptions have been made about the polarity of inputs and weights, such as B
is nonnegative and A is nonpositive.
Figure 3 illustrates an alternate embodiment, illustrating a revision or
modification that enhances the implementation scales and the contributions of

30 the states as well. Accordingly, the particular equations represent the circuit

architecture which is implementable in integrated micro-electronic chips are.

11
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one illustrated in Figure 8. Figure 9 shows this type of cell wthout
initializatgews2edon one enbodi nent of the cell, as illustrappgushdleygsis an
added del ay of a pass-through transistor in feedback of the state. The two
signals (the state node x and Vref) are directed to the termnals of the

f eedback wei ght 30.amplifier based l%n the feedback sign select bit, In one
enbodi nent, ul(’)anpﬁirﬁi*e@,sywéx}'e Xhrédebitt Pr dgr Amyab g;;g&hm)‘l%(sﬂlhsﬂ TUTE
SHEET (RULE 26) WD 00/52639 PCT'US00/ 05785 F gure 10 i|lystrates one
enbodi ment of the schematics of the Two Hardwired Feedback “2Mf{° ?ate
Initializable Cells. Two three input one output cells illustrated in Figure
10 were included 'tg_i iti K zation, \These cells differ fromthe ones
described in Iiiug—uymgx' _oﬁpb% 'gﬁ@"?'f.“\'/i)n one enbodi nent) the type 5 of
feedback is directly inplenented rather than bei ng programiaidtien 8Two

conbi nations gf =//(x} eemdlE qre pogsi bl e and both have been inpl enent ed.

I n one enbodi ment, both anmpRkTiers Kave three bit programmbl e gain. Figure
11 (&) illustrates one enbodi nent of the schematics of the Two (+/-)

Har dwi r ed Feedback and Floating State Cells. In one enbodinent, these 10
cells are identical to the ones described in Figure 10 but do not contain
state initialization circyits. Initial value of the state is thus

undefined. FEigure X tdnh)Lldpistrat eg)one embodi ment of the schepmtics of
the One Fee&*‘grv\érd only2@lq “hi s’eiz)a three input one ouﬁﬂﬁ%ogg}il with

programmabl e bias. I n one enbodi nent, the feedback conponent is elim nated.

Thusgt he celhole 15 HiARSARSAIIAMANS 17k HaIbaBR EAkigask iRy K _par adi gm and

instead is useful for feedforward 6perations only. Figure 13 illustrates
one enbodi neatscofiduatdneedmpiifiaradrcorl | . I n one enbodi ment, the input ais

al ways nonnegative but has a signed representation and positive entries of
the B tenpl ate s8 @ embodinentydgandices koras over wegizghporhogy ¢tdbeiedl war d

Vi ght d ~e. | 44t 300, |8, ' ; ' '
comon | gl B L EF HE Atk 0 ERTER Qo PRIRLbLERLS T ST o

used as a t gebildiijén the feRIfGMatdEiedm 38R01AdAMIH thelH piremblerd. agBetbfeom t he
original where desired features are enhanced and/or undesired
charlact eri sthedspytéfegdiorweids weightsr(B) sreppindersanded ing negati wndhaidi nent ,

convel U | on ARG AERL Red i SO DURHR R L s aAgl: oPer ot on
convol uti onsgilingd thiksfaft @) AEILWRIHIIMEHisc s 4 BndbRS b Thike Rifakel (RULE 26)
way up or down to a rail limited by the power supply, and the present structure
is far more resilient to manufacturing related issues such as transistor
20 mismatches. As such, Figure 3 illustrates this modified dynamic cellular
architecture model is shown, wherein some assumptions have been made about
the polarity of inputs and weights, such as each elements of B and A is
nonnegative.
Figure 4 illustrates yet another embodiment that employs the usage of
25 analog multipliers (rather than amplifiers with gain). As such, the feedback
connected amplifiers of the embodiment of Figure 3 (Illustrated as Figure 4(a))
may be replaced by analog multipliers to implement weights of positive or
negative sign, as illustrated in Figure 4(b). Moreover, digital gains can also be
built by way of modifying the analog multipliers gain with the digital input

30 accommodation via parallel transistor cascading method shown in Figure 9. By

12
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WO 00/ 52639 PCT/ US00/ 05785 This discrete convol uti on operation denoted by ,
bet ween awo svaaes9l and kernel k can be described as N N | pkintsgoas7ss

| Xx+r.Y+J ~r.| r=-NJ=-N 5 Equation 10 where | is the input inage, x and y
are the two di mensional inmage coordinates, and k is an (2N+1 x 2N+l )
square ker . eedforward
wei ght mp&?i 1 progﬂdgleﬁgémséaﬁ&? Bp%%‘)ﬂé&é's?ﬁt%ﬁ% l&%eé@ 6%?10 (1} and the
sum i n Equateinpintd d@jghtddrs eNn{rmated. Thus, if one sets. I-O and A=0, the steady

state solution to Equation (1) 15|s'~rl (t > ~ Bil.kl (ukl (t ) , ur,
(1)) kIsNr(rI) whlchls |nfact equalent to 1 k~x,~ , where the second
term)s a 10 i fpeegescri bed VLSl adapted nodel perforns a

nor nal i zed operatl on Whl ch repl aces the feedforward weights tine the input

val ues summat | Onrﬂgﬁfe@llﬁgtrét&eorféaémd%émrﬂ?% oﬂthU%ﬁMeﬁrb&@s Qtlthla ~ Bkl
(ukl (t)) kleN-(rl) 75 30 Wth Bk, tanh ~ 2 (t (1 ))~in

Equat i on ( 4Dyndahis Krell(tar Ardloteasrd dlmtrated almdwt i knmne dmh:odmhnhweﬁ)re s very

simlar to the conventional convol utjon operation, except_that the output
i's normal i z‘i}apwef%@gw SEBeEsIA B @E@M 1S yadyjes 1o fong) oohs2639

PCT/ US00/ 05485 AT} 0be BETFled UL AneBeRaURRobE! B ABaflin spTe act oss

the whol e i he r I's essentially a nornelization

factor commgtatn tshﬂadar&fioperauﬂmg%ed%@ o@mpaaé a@aadks sadhahatteheh stymani ¢ range
of the resulting image is_essentially the sane as that of the input inmage.
5 N Ns S ~othe ynqgmm jspe&ﬁqﬂanﬁmamom wihexe 9ac=h qnemtlgnksdefmﬁri prie ~>J Equation

| | For the_i e L t he n liz i on .descri bed above,
10 i nput voﬁttggk %1 'Og'agﬁ) 85581363\{0{% qpﬁﬁﬁq ?Ovtﬁ 5‘8@ 35(3}”!‘38%’ ondi ng to the
i mage, and gaiR eHH&Hh‘Bé]ﬁ @ﬁtﬂo'sﬁ&e(i& sxtxﬁ}ﬁ¥ %E{aﬂﬁlheses}aﬂﬁﬁ fkﬂ?th@%’s‘i‘ﬂﬂ@t ances (or
gain val ues) are necessarily positive,” to inplenment negative kernel values
with this a@tmro‘aom opgnaiomee tsortecenep darbbie, the pdegramenayelgattoree i nput vol t ages
and sel ect neg :l &Ol arity for the inpuyt to the tr anscgn uct ance
arrpllﬁf i er fetemplinAr op the same chip where the arc itecture is implemented. In an
alternate embodiment, each cell of the architecture may contain its own program
memory.
Referring back to Figure 5, one embodiment of the operational process
of the Dynamic Cellular Architecture illustrated above, may be implemented
20 through the following process:
1. START
2. If previous operation is complete or if new data is needed, get new
inputs. These inputs (values of the nodes labeled u) may come from
continuous or discretely sampled data from sensors built into the
25 architecture, or alternately, they can be scanned into the input nodes (u)
from an external data source by employing an appropriate scanning
mechanism.
3. Apply the A, B, and bias to the correct nodes, either externally or from
internal stored program memory.
30 4. Apply the initial states (x(t=0)) to the state nodes.

5. Allow sufficient time for the computation to complete, i.e., for the

electronic circuits to reach a point where the change of the values of the

13
SUBSTITUTE SHEET (RULE 26)



15 negative kernel value is desired. This cuts the dynam c range of i nmages
in hal f, wbtoosegh t he range of kernel entries remain unaffpetfdeodsh® can
view the cell arrangenent in Figure 11 (b) in this light, provided that the
bias anplifier is ignored. 2U Sanple Operation For instance, in a sanple
operation, a foutauds dquplsusrosirgiave epficisai Alspatied shmennpn skirgluse 12 (di gi tal
i nput accommdatl on via parallel transistor cascading), may used as entries
of the B tenpl athorapiEggasasihich do yotanedyce p statig ouivg, therevedykesa equi val ent

to the range of nere 5. one enbodi nent,
the cell is eqws\‘/)gcfl ntog{]rgl %h‘”dr“%‘ée tgp ngmt%mgerti‘ﬂrc%g’é‘ﬁoﬁﬂoﬁ?‘ﬁ Figure 11
(a) provided thaiptibhes Bad the OhtplihRseM TR b itiicOVagianl Waestim. by the B tenpl ate.

Wth nore area and nore bits higher resolution and dynam c range woul d be

possi bl e. 30 €0 R3aB8M FUTELhSISEEF (¢ Rultke 9@put nddes )/ SPG38atPGT HWE00/ 05785 | n
t he sanpl e operati aneters may be as follows: O<u<l a+=V ref +
aba m. =V Iroef can es@mfg rBa]E’ “?T-@ rPé&’l?ﬂ?ax V ref may be the
represent ation qf i ecture. One 10 suggested val ue for
Vref are the 8p81?(ﬁ&t3 rb ahhr%g t(ﬂg ?I\BI‘ supply ranges ground and the power
supply of the8.m(¢cls me(lzgact ronic inpl errent ation. Inplenentation of signis

based on selection of the a + or a -. Note that this also creates the
opportunity t& ifhPement negative u. In other words, it is possible to
acc date a < 0 values in this structure, as well. In that case, 15 the

paraneters may be as follows: _1<u<l a+=Vref+u u-= Vref-a 20 Specific
realization of tAegwc. the a?&erﬁer%%né@f}ﬁ%csrs%@ Hlldwa@'&n%%hﬁ)@ﬁnﬂé}h yes of
tenplate B in the architecture yie thelp | owi ng: =b sign (v)b 3(MSB)
b 2b ~b 0 (th&SB)er@iotDpNtesydf U Mnaml@_CGUWﬂAW@lW-, .OOO\/O\/1

VOVOV- 0. 500vOvOV1 VOV- 0. 250VOvOVOV1 V0. 25SVOVOVOV1 Vo. sosvovovl

vovl . 00SVOv1 VOVOV2. 00~V1 VOVOVOV3. 75SV1V1V1V1V 25 where Power = 5 V and
logic 1 =5 V. W can select 1 V as bias to operate the bias transistors
aroumd threshold. In one enbodinent, the state node (x) is 21 SUBSTI TUTE
SHEET ( RULD#famic CAula)AchiidQuidcIdNGO pléfentation

Figure 6 illustrates one embodiment of a pragmatic implementation of

the Dynamic Cellular Architecture, as a simple 5x5 array. Figure 6 illustrates

20 an integrated light sensing and processing architecture implemented within
cellular chip based on the dynamic cellular architecture of this invention. It is
understood that the inventive concepts of the present invention may be applied
to a variety of different technologies and implemented in a variety of different
physical architectures. and as such, the present invention is not meant to be

25 limited to integrated light sensing and processing architectures. In one
embodiment, the integrated light sensing and processing architecture based on
the dynamic cellular architecture of this invention is comprised of an array of
identical sensor processor cells, each of which contain: (1) a photodiode and
circuits for active light sensing; (2) transconductance amplifiers for feedforward

30 template weight multiplication; (3) wide range transconductance amplifiers for
feedback template weights; (4) analog/ single bit digital local dynamic memory
cells; (5) a data bus for transfers; (6) local programmable logic; and (7)

read/write data controls.
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referenced to V ref and does not need a signed representation. Positive
entry val wasoofqesst he feedback tenplate "A" can be used to $i@Risodods9s t he +
term nal and negative entries steer it to the - termnal of the w de range
differential anplifier. In the four bit plus sign representation A val ues
may |ikewi se take @8 etdblisent bf thBSirh@t@8ilastrated BN gdre &2 aivAnterenent s of
0.2~. Wth nore area and nore bits higher resolution and dynam c range

woul d be poepsirasions oftheencliplar paredigmsmay be perfdroiet wwing, fog ingtance,aipair < 3. 75 and
0 < x < Vvdd. such, the feedback ,configurati of. the feedforward wei ghts
provi des fo?fﬁgﬁv%%%??péﬂﬁﬁ’ﬂgﬁnépé’t %ﬁ‘oaé’ﬂgiloggq%‘tof’%&)é’ﬁ ent conput ation
units to be f , LiX alsBhit ti i I ABges were

capt ured usiG%%r?}C%%&tﬁ%éértg)n}ﬁggﬁggggﬁyeaéMta Sﬁétnlrt]gm-cgmjeteﬁsedg inputs at a

ti mes Thr eeomen giuhofftie eleinents opert the antére smagd ol hiepnEssninpicbedenred di nensi onal
vertical edge kernel of 1 0 -1 . In the present sanple operation, each

pi xel is pri¥6esssiag ratg IMRrayemgalsiof sequenRtial REOCssioR dn@pe cmbpament.iike 15 whol e

i mge was presented three pixel t.ati I he horizontal, direction
to the moderPearess et diedfheRt tsfoyfhahe drte Pod Wahtutl el 1 or

di sabl ed, th@s &éhneeRdlcbmipsn&@vctidh dnid Bidie? tylfts 0Pk nidnspURlBHTED

ARCHI TECTURE One enbodi nent of the present invention, as illustrated in
Figure 15. allweddockysths BedblaciDivsighish oethsianchisometenampleiopeagbnat ed as a Sx~
arra?{. In one enbodi nent, the Dual Distri buthjellczil.Arc jtectgj&éﬁ cant ai ns two

di stPnct st #EEEES ©S2UQN: JioPRHPeRREEAtYS SuH\ A5 dipfiaR: tRInPIE. Br&CTO8{O%ensi ng gri d
w th convol uiy : i b L L : fart term
menory, andh%t??aéﬁﬁﬁgagﬁcggr%%%%\%%%nﬁegg% 8%@&3%%%%%%@@&% on whi ch

t r ansf or mat inwng edtbodimannat ssingepe esiaggiatowosthektatdsebygeasongy data can be
recreated. In one enbodi nent, both areas conpute in parallel and

comuni cat eokipinpd Eames.dt Batsoossiale deuss the Bva mpate By Faitdemeicess

fashion. Also, it is primarily the 30 .pr.ogra le, cellular logic array
(Paumy "t har ERsR s EalRL i i a PP e ETRR i bl T2l Ty el udes
a cqopventi opdliodiBédtidh dete@figh. pProcessor, m croprocessor or mcrocontroller.
22 SUBSTI TUTE SHEET (RULE 26) WD 00/ 52639 PCT/ US00/ 05785 In view of the

i deal of | ever aginige emdodipeaat oOFigiee. thepiveratlrmedniap phipesiilwstrfiadss a conmonl y
silicon mcroelectronic citcuits ai.nst. the | arge area re9uirenments of a
cel lul ar pr Wé@%olﬁ’,tg\ﬁﬁ“?hoéiwgﬁaﬁex? alZ%rrfﬁf?ﬁ’éatll‘f’gal%l‘mﬁh@’cc’f%‘f(’lnyr&[lera specific
| mpl ement at § apraiihCHe@r) behfiind HoRIORTHE irftlrkidl atnsff Gldbig6L Ur e 5 above,
nanely: ( 1°) a photodiode and circuits for active |light sensing; (2)

t r ansconducswhae sanpt iihimy, sow ctledt cdippogramdotienpl at dteneritght nul ti pli cati on:

(3) wde range transconductance anplijfiers for feedback tenpl ate wei ghts;
(4) Bnal og/ cBPefgMenyihe micgraeairoligcan bﬂwgﬁrﬁ%b%ms@ém%?l%@b a data bus

for transfers, ragr iG: - d dat a
controf o, 1M BEdera BendpREATBOM A ea Bnd PArdE RRElich

i ntegrated gitahdll BikeSG9S i orfey IEIRVFNENLIYS pRFEang ARy kyn B Bitaha,
consideration of the following: ( | ) the sensors be manufacturable and

enbedded i nvBereldengre seBwartpgdeysganporizpntally sodedsipla bt yelopirere sensory part

of the system be. close.to that ayailable oggerci | Ly::(3) the fill factor
(ratio o?‘/ s &Rt cﬁlog? 8%(??%&%186%%@;&5?@%8%\% eaac%aTér%éJFtpﬁn & reasonabl e for
t he ,appl | cajdpifbctfrd) the sensor performance be maintained with shrinking
technol ogy size; (5) a set of operator sizes that take in data froma large
nei ghbor hood. Thbstbe amboginmpk i Figutedr. thetconotssifdesell whenlusmggtdiment i ng an
integrated cel |l ul ar, sensor-processor. system_. byt do not hav 0 be

speci fi cal | §FeAGhAF R ?%r,matﬁgcea@e:f ,r%%a%fs?%%ﬁeg%&wggg@ Ps are not

Nt ended 1 Oi it iddVParSfRe GRREN fc hin B SRARL (drME N £8) Y BEHOR eSS,

taking a systemhatic approach to neeting t | ectives Item zed above, the
fol | owi ng f Regicdng, mém&sviuseions Aulkdwiseibistdated iha sipiladashiorl hdne i nprove
the resolution one needs to shrink the cell; (2) to inprove the fill
fact3@r, onecmbediment there iseamaindaia us gerossswhish dpipdranpligescanogeyr. A6 keep t he

Sensor such, two way connections can be made between the data bus and the two
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25 operational, one may need to build the sensors (or the whole chip) using
a | arger weséumbsgy whi ch again nmeans that one needs to makerThligosekd Yet
smaller; and (4) to increase the nei ghborhood size, one nay need to build
yet a larger cell that connects to nore of its neighbors. Again, these are
si nply factgapgtdid Fonsdigied ety RS, SRERAk 1) A ihpHtedy. adgs cel I ul ar
sensor-processor system but 30 do not have to be specifically adhered to,
and as suchconhéntioafcan bererade dretthe degio petpar andrtbe rdferereedandtapotd thei t t he scope
of the present, inveniion, 23 SUBSTI TUTE SHEET (RULE 26) . W) Q0/ 52639

PCT/ US00/ 055D AdsioTli, F,O%ﬁ&arb%nm?%em %ar@man%mwgt Helegedf owar d
connect i onsy, g1l YmShkiE ' r r : re conmmonly
called in istréégfg%gﬁ)(%réss?lng]? l‘?ﬁ%?ﬁ%&n? %ﬂﬁ%f&%%%%%r&fg@%sﬁ g:i]ga)rﬁéeg as the
whol £ sensodogigrafays rdpsabiit,anbibier option oventbodimgensuch kernel at a tinme. This

| ever ages the speed of the inplenentation nedium against area reguirenments
of the processorAs mgatienssd abaye it is yndessioad Biat thedryani veeoncents|of ther ovi des

three significapt advan S_as. ared t rrent i mpl enent ed or

ext st ng arRerevEng AT BE e AR Sty bF BT HehtolplRo T e

ar chi t ect urigndiém&itéPine vAaRe, éadiffBRhEpHRRYERERRRRKe BRad igh GRACEPt of the
cel lul ar neural network of ‘prior art. "10 which enploy nonlinear circuit

dynam cs. Moesavsventyomnas nbtmoagntémbe hméted taintegaatyd lightlsemsieglarfdar | ess
training to i rrpl,errenth_thi s architecture. The way operations in the dual

di st9i but edPraFEHNg SERNIFEULEE e Pk GEMPmile SemerasgispiuEesSRR BF ARG Rar d t han
the way in i n AL raa £ L ndi 1 he correct
A B (), HaeERp At SRR oL sl o Al AR, Dl B MRS Cod o

exi sting arshidreafraiped n Seaandp. &ithee dihénsicabgiod. Pahl seig@akleghenam cs i s

m ni m zed, electronic circuit anonmalies, such as m smatches or noise

i nher ent t oomt the gaidmaayr herrespondhiodhe same ardaphysicaligeantisy g1 t, have far |ess

i npact on the aqut.co of t.he conmputation., This nakes the inplenentation a
ot easi er AHEET TR BudiPE oS PEP S AR AL e A R e BN t oct ur e of
thedual di gteieRtiiiBehude 6Mtht 84heIEi8nal 38 gt BRNBAR kiHRUItEa diff QBRI | Ses two
parts, and each of those parts serves a separate function. In other words,
each part ifedugnot ofahakudibleispgndspectawmd). cBiis ball mepSeethetfemiuendyhout t he

ot her. The first rt of .the dual, distributed architecture is the 25

progr ambl@t@ﬂh‘i’f?}ﬁ‘ﬁf‘?‘lﬁlﬁ ”é‘f“g%w OPEE arfhy; éﬁ e QRECAARIMASHE conpri ses a
sensing grighipiqt Br BRI AP MsGRRARIAd 4 YoloMplirehh, coul d al so incl ude some
shortterm nenory. The programrabl e convo‘i ution array PCA part perforns
arbitrary linear transformations of the whole sensory data or parts of the
senggry data. The desired weights of the individual elenents can be
directly 30 programmed. The second part dual distributed architecture is
the Progra Cel. A QOHGHA (PGl A I n one enbodi nent, the PCLA
~S cellula%ﬂﬁ%é ‘ Al padel G 26) W O 00/ 52639

PCT/ US00/ 05785
Figure 7 illustrates one embodiment of the layout of a CMOS chip

25 comprising several types of cellular units (e.g., VLSI adapted cellular dynamic
architecture cell prototypes), in accordance with the concepts of the present
invention. In one embodiment, the CMOS chip design may be manufactured to
the MOSIS 2 micron ORBIT ANALOG process. Likewise, in one embodiment,
the die size is implemented through the “TINYCHIP” package thatisa 2.3 mm

30 x 2.3 mm area bonded to a 40 pin DIP.

In one embodiment of the CMOS chip, as illustrated in the embodiment
of Figure 7, the CMOS chip comprise eleven types of cells: Four One

Feedforward — One Feedback Cells with Initialization; Two Programmable
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means that each of the elenments of the array connected to a set of its

nei ghbor swobb@2d3¢cLA, however, is not a neural network and pdar/ose/osndsodi nent
relies on conventional logic to performits operations. In one enbodi nent,
the actual logic can be inplenmented with conventional digital |ogic or

non- conventTyeaboshi e 10€zaki08) KeeBBdcR T elISUTRo dfardMitededbadkidn@d to AND OR
XOR Additionally, in one enbodi nent, there can be a state-machine (i. a
m ni conputStatg Ieitighizabje Gellse Tovo (df- ) Hawsivetedrfsndlsack Bod Fistating Stdtone operatl on,

each el enen P coul ui pped a se sor, or data could be
scanned in é?gn?'&ﬂsﬁﬂg %Qﬁ%ﬂwaé‘gi?fa%%ﬂ é'? E&ﬁ@anm BUPUSEARS or f SOS) As
for sone ty fuynction, e.g., those
usi ng non- nrgg%t%géﬁglkﬁ%@dfe %}%eg?lrl%:‘,&ferts gpﬂg%h%ﬂ{s%@g aﬁecessary for each

senspr to pirogidendbldel ik gmidters. i1, fé@df@f»ﬁhrdilelhd/feedlﬁidﬁw&g}gs aAdbhg nature of

t he sensor, the way such dual output_is produced may be different. For
sensors t hatre AghbibFesohgAn telyasien bty Jfxieal iapets arfcwvilele yiarmng @. gt , 11 ght),

t here may a (-) pixel output. Positive (+) output is
used for fggﬁﬁe%elg}ﬁfg‘rf)wtgﬁﬁmsfi er if it contains a positive kernel val ue.
Cor r espondi ngl y, Flghy%s Bﬂgﬂllhé{ﬁte(th):saQ'eéiﬁEn&EJéelﬂh”scHEméuuﬂgd ZQufe® negative

kernel val ue. A one dinensional exanple is gwen bel ow.™ Suppose that one
needs to i njhemestona eoﬂmddnmﬁnﬁﬂmrsa}henmﬂgeokmmfmhr oofls [n dlcdnpatt] on a |ight

sensitive grid. The qU| val ent tion i.s the sum pi xel [i-1] +
(- pi%el [ i +1T9“neSiFrPé‘é fﬁ@f?rw%{?rlgﬁ %@%ﬁg@elﬁ%‘w‘l InitieizqieRisM o add t he
current 1ok {5 BARL LY 81 FAREA AN BLA AlncAui8 ook bl (iR, LT Tent for
25 negative represen I'on -0 ' T Ustrates one
embodi ment 9¢ f@iﬂv@?ﬁﬂﬁi@bﬁ[kﬂs élﬁWneﬁﬁpL&quhea)uﬁiulﬂglhﬁ)léb@l’lenid)ﬁd)hpu'[ active
sensor. In the enbodi mrent of Figure 1 G the active area is a square of 100
~, x 100 ~ veamnwstaiéemm%theéwrWd@@?yhahil%pexmuwt@s@oﬂheap@ave’amrfb

ded fo.t Il t hat. shoul d b
(37 0uned) ATk Sk S OB SO bS8 BBl B 0, o

00/ $2639 P%sygﬁodn%ﬂ&{mwsk%m@ve b8 iFPlenRIRAN AR cYEN aNEbkiCenl the si gned
sensor is illustrated in Figure 17, where the positive and negative pixel

r epr esent atinclosge asetaTaitieldationrmesheniemtio dé fiment at thhmltaaicﬂmna iosaht Gtel | oner is

enpl oyed S|nc t he phot ocurrent very. s ho osen3|ng node
shoul d not Be THerEA5dee tae %?t&@arfﬁ%w& s A PR PCRERICIR gur e 18

il lustrates, )p tlggﬁE lgrg.lr;gm gmqi&%c‘g%}vg{tatme ﬁﬂlseﬁ%gﬁw g 1lfitylo | i ght sensing

PCA. I n one eac I xel can be addrésse t he conbi nati on
of row and dﬁﬂntﬂ"g’arﬁlﬁitﬁmzatﬁjngma{tauollhdiﬂuaﬁonsvw)@fﬂﬂb)l Bsthaha al so t hus be

witten to sel ected pixels. Pixel mdpoint determines the "0" value - ~. e.
no P9 ght, oﬁee‘ifﬁ@’vgﬂ@h‘é&‘epf?mcklﬁpﬁléﬁqféb?‘@s@ﬁﬁé’ttlpé%ra'RHB“é’te BIXE will charge
t he pi xel oyt put -t0. 1 xt‘nei{t% I n one enbodi nent, a dedi cated ground

si gnal nee fsgp b ro SI nce a netal |ayer coveri ng the circuits

(Wi th opening atFibh@ illustrates one embodiment of the schematics of the Two
Programmable Type (Positive or Negative) Feedback Cells. Two three-input
one-output selectable kind (+ or -) of feedback cells may be implemented. One

25 of these also allowed for initialization of the state in a manner identical to the
one illustrated in Figure 8. Figure 9 shows this type of cell without
initialization. In one embodiment of the cell, as illustrated. there is an added
delay of a pass-through transistor in feedback of the state. The two signals (the
state node x and Vref) are directed to the terminals of the feedback weight

30 amplifier based on the feedback sign select bit. In one embodiment, all

amplifiers have three bit programmable gain.
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sensitive areas) can be grounded. 1n the enbodi nent of Figure 18, each cell
cont ai ns: wWo @/526ne si gned out put sensor (SOS); (2) four Dgddrinsobbsrs for
storage of three bit weight and sign; (3) four nultiplexers; (4) one w de
range transconduci ance anplifier connected in the unity foll ower
configuration: anfgg@ 1()5?lu§raié§ro‘%@ ehﬁ@&ﬁ%e’ﬁmtﬂ@%@)erﬁdﬁcg’ﬂﬁh@ i ment, the
size of the cell can be reduced significantly. since as the |ayout of the
singl e cel | HardWwirgd Fecdbacls maliStatetIhitiakizableCelinrel eotitrye mpacas. oufpmal | er
feature sizes and added netal | ayers will no. doubt conpact the cell

further. A senilkreaad I@F@ar%w/wmgnmdmmlewqhzww eagfﬁa}ﬁcaffwermry 25
cell, since ffo"?l? ekoq{egﬁi:scm%%}pgu}és)e Iy er h?lé/ 'nr’ne Qr%hb éqep tltcI tgg Sever al

data and con S are eral o eac

enbod§ nent, dfm&d@mlrs@m@c@y kaeﬁedrfmﬁbrtﬂmadein bgﬁmrﬁuﬂwdﬁwo(l ) cl ock
wei ght, (2) reset photodiode (or sensor), and (3) sign. Addressing signals

are row and coolbinations af b’néer@mwéﬁarmnsmblc h@d bethaav¢ beralimptesmnted. tlo al | cell's

30 include: 1 i xel fere erter ref erence, (3) weight high,
(4) weight 19 f’j\?v "%b@? 4 F‘E%i"(’\’/&)e “mr% ?\M Bt LSB.
Furthermore, in gRg.¢q ]@?ﬁ%‘trg{g %n@kﬁgdlﬁ%% tﬂ@lchem\é@csogil REFIR

PCT/ US00/ 05785 enbodi nent, as illustrated in Figure 20, elenents of each
row have a c(amrﬂlardvowdsl%deébacksmg madatlag&mé @Emmtla onk eemobingait,uhgsehave a
comon colunn sel ect signal. Accordin the out put of each cell may be
sumtd ont o gl %EJTWWCPH@ therpres desaribeq in Bigis kOsbud 4a neecaivapistesd al ong

col umns, 1 O Qla PGB lnﬁlawngf)ﬁ{g%%{agea,g%hudseadgqqntd ons. Figure 21

illustrates an exa xel's t he enbodi nent of
Figure 21, each qﬂ%ﬁﬂaenaﬁlﬂu@mtoaeua@odmm ¥ethgBéhehiatiss 61 dRE @memagni t ude
and one si gg}@kv\hl ch are stored in D-flip-flops. Accordingly, the weight
bits are cl glgprwvardemily Cothedhisas hthrerinpevengedtiub eclt pithpnogiawmableect ed, | 0

| th ' t Th t f th ht
i Tl ops (HE Lupea b etinPE e i e it S fecine ™' ¢
erbog MeNt. - difgd 6 (RGMI: RESEORMGHANEREMRR HsRiag ! ulhf okt put st age

has three bias transistors wth WL ratios and 1 ( each

corr espondi rfgedforvdnd opargtivrisahdy.bi ts. 1f all wei ghts are zero, the pixel
does not contri bute an% current to the 15 output. If an of the weights is
non-zero, based digiNd gllgﬂratqsweﬁmeﬁlm?&k@%ag Mard e ’or NR8gat i ve current
contributio 4 t al so

det erm nes {Lhn]ie&gg?%to%g 'ﬂ“t bh %g%n}tagﬁtﬁ%g%teﬁées%ﬁénedwﬁkg%ﬂée%g flip flops
coul d be reMnaq;a@htmeteﬂimdyaam:cB mmmeyseﬂwsamdsegat@enneer@aecthn one

enbodi nent, the design nmay be inplenented in a 2 mcron CMOS 20 t echnol ogy
demé‘h vmth its pads configured to fit into an area of 2.3 mmx 2.3 mm and
is enbedded in a 40 pin DIP chip package. Al 25 pixel outputs are sumred
on a common output line in this exanple inplenentation. One can sel ect

di fferent sigRafARerdWeRisSandImag@Chn@ilutidie Se@bleOgaatidnhus perform
arbitrary convolution operations. Arbitrary 4-bit kernels up to 5 x 5 can
be programmed 25 Gonvohitonpae verydosmanxianagk eracaysirgnsten diai peced®CA Process 30
Figure 22 illustrate ne _enmbodi nent of {he o er ati onal pcess of the

Pr ogr anmabl em@yn\’}é‘f’ﬁﬁqs B A% %@en(‘ﬁﬁfs? feciuare O&fnﬁrﬁb“vaesecg?l one enbodi nent,

27 SLBSTI TW@xf%T n(e@@lﬁ%ng e ori iginal where desired features are enhanced and/or

undesired characteristics (e.g., noise.) are suppressed. In one embodiment,

convolution can be described as a continuous spatial or temporal operation, but
its application to sampled images is discrete and involves a convolution kernel
with discrete values.

30
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WO 00/ 52639 PCTI USO0/ 05785 before the process begins, the necessary wei ght
patterns wodis2@pplied to the array for all of the operati epgnien/dross
performed is determ ned. Accordingly, in one nenbodinent, a programis nade
of operations needed to conplete the task, such that each step of the

progr am speftiid dieGreRreonpelitidn OperatditdedoRadly @RiaédnGh ithags 7ded | ned by the
pattern of weights to be applied to the array. In one enbodinent, it is
possi bl e t degiehpicgn b%d%ﬁcﬁb@cﬁés wei ght pattern fromresults of previous
operations. In one enbodi nent, the program may be stored externally or on
the same chip where,the array is inplenented. In an alternate enbodi nent,
each cell ofgihe .a gan have its own program nenory. 10 Referring back
to Figure 22, o#e ¢nifofli et "0f the operational process ofthe Progranmable
Convpl uti on Arrag/quqagg}ﬁ)mi |l ustrated above, may be inplenmented through the
follow ng process. 1. START 2. If previous operation is conplete or if new
data i s needed e ew 15 | nputs. These.inputs may, cone from continuous or
di scretely vglfrrr%} gsdt%agrtlat rrngér%];&eaﬁlgc?'r %rggfl?ﬁ o ‘ﬁ’?%‘s’t"f%‘ 1&?%5)7,00@“% 5t er nat el Y,
t hey can bqlnaqqga@@zmntgzmq)gm%k@m,es froman external data source by
enpl oyi ng an appropriate scanning nechanism 3. Apply the weight pattern of
the instruction,Oms canecasdyxises thalsipilarty thetwmaedGhé fitedfaradards wergbtl inpubgr am
menpry. 4. Allow sufficient time for the conputation to conplete, i.e., for
t hel®l ect r PP PBUi ts to reach a point where the change of the val ue of
the output of the array equals zero. For active sensors, which do not
produce a stati ut put, the A clf i ime instant to 25
sanpl e theikri)tﬂp ‘!(F’)%rzilof’ﬁbr {ng%@éﬂplﬁs)%{lﬁgfe gtuﬁleﬁ]o%)(ﬁ%k}?}{m@‘elf is atine

(1

variant waveform 5. Read and store the out puts) of the array. The out put
can be stored externally or internally. If the PCAis used in tandemw th a
PCLA, then the ﬁhtﬁu'ff o etas 50 a9 Aehthe BeasksHate Sefution VL euaon (ot
opetation. Y. |If end of program go to (END). 28 SUBSTI TUTE SHEET (RULE 26)
WO 00/52639 8. Go to (2). 9. END. Pro~,ranmable Cellular Lo i~~ c Arra (y
PCLA) PCT/ Ug0Q4 05 BTDG(LQM;)QLUZ (@ a convol ution operation perforned by the
PCA is usually an. L al'0g Currert ‘or voltage value. Wile this rapid
arbitrary size kernel | 0 convol uti.on operatjon is extrenel seful, there
are many ea‘?{lFlgh\'ﬁ g gar‘it S%LgVéFlir‘lolﬁsP%’H‘i’m.,révg‘ﬁfert ¢ PEPPhET Mg Bd‘é’ég?ﬁ of the
results of mang convol uti on operations. The progranmabl e cellular |ogic
array (PCLA‘)‘:”ia a way of inplenenting this stage. In one enbodinent, the
PCLAyis a PrOcesﬁlé”tgss&l%@doﬁﬁhﬁﬁpt@ﬂ%%lsﬁeﬁbkﬁsQ'n@?rﬁé[lii&ﬁ oﬂkﬁli&ﬁ' data using
a set of fixed or programuable logic el enents

which replaces the feedforward weights time the input values summation terms

of the canonical model in Equation (1)

> B, (u,w)

I(IEN,(I;)

25
with
B h[ 35 N— X, in Equation (4).
.UE)VZ'(U) k! tan [ 2kT (ull( ) i (’))] q
30

Normalized convolution, denoted by ®y, is very similar to the

conventional convolution operation, except that the output is normalized by the
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arranged on a cellular grid. Accordingly, if the PCLA is used with a PCA,
the sizesy@hokfgot Wo arrays could be the sanme or differentpc/sddi87ss
enbodi ment, the PCLA grid can function as a "scratch-pad" for a set of

i coni ¢ operations, such as shape detection, contour follow ng, pattern

mat chi ng,  ajuln SEd R RBE edS BBGubdRerdds QH:ttHé'Eﬁn@écréé@@héﬁ%ol@rim‘iéé,%é‘a'

outputs, potentially at different resolutions than the data received.

Fur t her nor egswtis lsssshtabndivisfont hyea REmAlicationifectadehnasse th thelkeetid nenory array
to which the inp .Qg,, outputs.fromthe P can.be, appl.ied or stored,
bnd "1 om wiirear Lbs, biaags SbBHBE oy i ks ad e ERU L RRRERLY woul d r ool
from25 th il t r I; en nei ghbors (anal ogous to shift
operati ons)eesgér%ln%]%gﬁebsgﬁégﬁggg?il%@é%g%&he cellular logic grid (random
access transfers). The enbodi ment of Figure 23 illustrates a sinple

i npl enentation of tke elenents of the programmable cellular |logic array
(PCLA). In the enbodi meit iliilngrkqged in Figure 23, only the center cell
connecti ons;snge sh . reve clutter, also in the enbodi nent shown,
t he cel |l output*’has be% st:éggd to prevent race conditions. In this

enbodi nent, all oper a}i:_gg;g erLstrictly local. 29 SUBSTI TUTE SHEET ( RULE
26) V\DOO/526:r’>HS'3 PCT. h)i /05785 This is not a limtation of the invention.
I n one enbodi nentdU3YPBBal operations such as matching with a gl obal

pattern, reset, set, and other can also be inplenented into the PCLA
Furt hernore, addéd theimenlemerthtianofdbeipernsdizedednveldon dpsoribed abenss eased

conpecti vi t. where each ce|l recejves re inputs uc s.those from
add (fi onal %_@I‘tlvé’(ﬁfl%e‘f BESES 546%“??{@%8}?%?&}%88%%%%@%H)C@F 1B h the array
via menor y-lnike, RdHe 8%l deticsdth(i@ndd Shck B @AgeGark el {orrg%m)r y, where the
results of previous operations can be stored in the cell.” I n one

enbodi ment , valies) dregicceswirtihippsitihe tc ehplesbatuledatbe kered valimaite thitn fact, the
program may change many tines during the operation. Sanple |ogic functions

I p
10 coul d be*PRIBC-GRE NERfFERPE aRiere deline rpganveigpuigrolinges apdarleshl e i nputs. In

one enbodi : : ' - rgi ng
reconfi gur a%@genvfelt ‘gﬁ Eﬁgr@bgtpgm %E)f%gﬂgy?{éscg{l%%@%f@ﬁﬁgf& %f@?s a

rel adively reguivd ledrak] vanieey @dsired Edgas ghtiesliyaimickestd of imagkd inthalll ways to
capitalize on the inherent flexibhility in these devices to facilitate the
bui | di ng ofalthgugh therenge of keymet emidesyaman wieffectad Opeenr viewdbaedpt in this
domain, teredLac o BREE | f8] b BRGEhL RIS LGS, LartiRA new i reuit
type that i STEYECAY T & an ray o rdEnt 1 ¢Ca conpuﬁlnﬁ el'enents or cells
whi ch coul dgdyream cal |y reconfigure thenselves for specific problens. This
new conputi ng paradigmoffers a novel feature beyond the 20 common

reconfi gurabl e FPGA concept, where so far, it's been possible to

rec&gfi gur e, Ci rlck')i ts only via software downl oaded to one or nore FPGA and
t he*thi ps tYEWHIPEXPY execute the prescribed functions as hardwired
circuits. This aegegdRalinSapid dRradh! 4 foir 8ft pARGIHI fepitbdnhifordynam cal I'y
configure another circuit. The resulting processing array is able to mmc
t he abi | it yshbenaon €aguec 25 (dgiead igluit a@dmmeddason whai pakeliehtransistoral | ow a cel | ul ar
array like the PCLA to canfigure it§1self b@eﬁe'd on qut put gw?f itg nei ghbor s,
or of itsel%scagiigd, max uicdsp caEenoe Betimpeats By hrtabens(!) apd t49an

I mpl ement at LN, 00 Y& duRATR &l HRGE bPS79 LM Y& [indcMiRh& Jrd 8S- 30

25 In one embodiment, the cell is equivalent to the feedforward configuration
shown in Figure 11(a) provided that the gain of the amplifiers are sent by the B
template. With more area and more bits higher resolution and dynamic range

would be possible.

30
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30 SUBSTI TUTE SHEET (RULE 26) WO 00/ 52639 PCLA Process PCT/ USO0/ 05785

Fi gure 24wd boses®t es one enbodi ment of the operational progegfsehoine
Programmabl e Cellular Logic Array (PCLA) illustrated above. In one

enbodi ment, before the process begins, the necessary |ocal and gl obal |ogic
functions t/hahe &inpiB8EEEGN, DL hRaMEImay BESEJIRWsC functions shoul d

al ready be 1 nplenented in each elenent of "the array where they need to be
performed, or it should be possible to programthe |ogic contained in each
el enent of ghg-<artray to performthe logic function needed. In general, an
operation igidefiped py the pattern of 10 operations carried oui by tile

i ndi yi dual lglgn@q%fs_olfl the array. Accordingly, a programis nmade of the
sequence of el f<|3025 needed to conplete the task, such that each step of
t he prograrﬁ327§ec i8’ one or more functions to be perfornmed by each el enent
of the arrayMfXonk M¥bodi ment, ai any given time, all elements may be
perform ng the sanme function or different 15 functions. Likew se, in one
enbodi nent, it i'%refmay podsirgresehtatiobbéizerotimehin@xhiteepee.adnen condi ti onal
upon or based on results_of one or nore previous operations. In one

enbdi nent , SUgBeStssk vdweater Yast ase therrpidaeing Retaeemtheypower $ipphhangesne chi p where

the array is n r nbodi nent .. the program nenory
may be Io_ca%r?hé&)%n%gggﬁercéeulgpg'o?ﬁ%%g]lngérlg%/t%ggln%aqig}réeqt%nsot}'OM program menory.
2U Referring bacipgiombitgitieofadgn 8 hascdidodicdBst oothe WheoaperRbicemal process
of the Programmable Cellular Logic Array (PCLA) illustrated above, may be

i mpl enent edhiskalssugeateside bppdrowitydo pnplemsst negat 8TART @herlvorgs,évisous
operation is (ﬁ:lg['rpl ete or if ne<v¥)d ta i s, needed, get en/ %2 i nputs. These
nputs may RASHBITPGRTEBRETHE S ruch SURBaNSisdpell: HaP2 ¢4%m sensor s
bui it into {06, AkfeAY¥s maY bk NRYokAR:be scanned into the input nodes froman
external data source, 1hcluding, but not limted to the PCA, by enploying
an appropriate scanni ng nmechanism 3. Carry out the specified operation.
The operation code that specifies the 30 operation can be applied from
either an exXte¥madl source or frominternal stored program nenory. 31
SUBSTI TUTE SHEEMTef RULE 26) WO 00/ 52639 PCTNS00/ 05785 4. All ow suffi cient

time for the-ep¥reftiwon to conplete, i.e., for the electronic circuits to
reaghh a point where the change of the value of the

Specific realization of the —3.75 to 3.75 range realizing different values

of template B in the architecture yields the following:

b= bsign(v) b3 (MSB)b2 bl b0 (LSB)
-3.75 oV Y 1V 1Y Y
-2.00 ('RY Y 0V oV Y
-1.00 (1RY oV Y 0V oV
-0.50 o0V oV (IR Y oV
-0.25 RY (1Y (1Y (\RY 1Y
0.25 5V Y iRY Y 1V
0.50 5V RY RY Y oV
1.00 5V (1RY Y o0V (1RY
2.00 5V 1Y (RY oV Y
3.75 5V Y 1V Y Y

25

where Power =5 V and logic 1 =5 V. We can select 1 V as bias to operate the

bias transistors around threshold. In one embodiment, the state node (x) is
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out put of the array equals zero. Qutput of active sensors should have been
digitizedwp sl - S ~. Read and store the outputs) of thecgrisBiesrdde

out put can be stored externally or internally. If the PCLAis used in
tandemw th a PCA, then the output can also be sent to PCA. 6. Wait for
next operatj o Op 8 (2). 9. END
15 Communi cﬂggé?%lﬁz%g% %gﬂﬁ}aﬁ@eg%gghﬁ%%& ﬁ:lp Q‘EER ét\}?rge}r)](?mtlﬁgﬁnh?n addition to
power and gvabueddoisthg fieddbacknemmpland 1ET cahcieaused andtecalx tanik adamirssd asd gnal s
common need to be distributed all across the chip. As is the case with many
phot 0sensorneghliysenteiefestqrrAl todhe | isrminpl afibe wilepangroliffgreptialapdified with a

| ayer of t i th.openi.ngs only at the photosensitive 20 areas to all ow
for the expbats it B G e R taRnA gBn BT Pa? BEFTY W slS B ound ¢ hat
layer of mehaladoRat 76 AMERI75tAncIRdrRs 60 B5. Withi Mbre@ked MMGhoeBitkd al so be
used on the PCLA portion of the dual architecture to carry the output of

t he PCA t o ldgHierpeiohitonaididyeath@ghrgeamoald. beTivesiblew Gibtremtranagiers@cd urm sel ect
signals of the PCA are_rem niscent of 25 nory addressing diagrans. Only
when both s%sgfﬁﬁ@‘§51ar%7ﬁ()<gql.’c<h’i-735n"’m§i,0éxsfp}ég‘?fi c pixel is selected. These
signals may be u 0 I : pgr%nlg af.. t he PCLA
can al so be addrégg%cgl’ glsqu%ig%%fj 1gg%r3r8ré%gth%el}gn%d?§] catra? ste l rrgwlgréﬁ cells
coul d be t hpugdhe edfedagainkonhg tandesty ol astiie Qirrewr ddngpuddtican dnishioftle oper at i ons
could replace the need to route nultiple address signals across the PCLA
32 $WBSTI TUREFagkEER pewsrsuply rail. Wb 00/ 52639 PCT/ US00/ 05785 PCA and PCLA
Tandem Process Fjr%ure 25 111 ustrattes one er&ﬁgi ment of the to§§rati onal
process of using ﬂéeaﬁfﬁﬁeﬁm%f;aéﬂﬁ%vgfl%?io ﬂ?rp%{?a(%@%)se%ﬁ % he

Progr anmabl @e CRipl tHle@lingB94iG hE aYhiePWefdhtd fOr IRNAAM aleeCidgGegihadi ment,
before the process begins, the necessary weight patterns to be applied to

t he PCA f orthalohe dimé¢rsmneberatal edge keonddef dei florlneiek presahésanpliened. Li kew se,

t he necessary | ocal and global |ogic functions that are needed for the PCLA
i s determ neRFration, PYRD bopriRsted ‘aﬁl‘%g’é'ﬁ“&f‘i grhtheéa@@ G YRR P'Re pattern of
wei ghts for - (3 . I i arried out by

e Fndi vi di AT SPar A e Rl P B I e et
programis isaienmddel dieuisioen deFighreodes)avitiote bigesgdifico disabipd.ghe t he t ask,
such that each step of the program specifies one or nore operations to be
perforned bigswf tsiibpwhphe Fiore &t he PCLA, or both. In one enbodi nent, the
program may be stored externally or on 15 the same chip or nmultichip nodul e
where the two arrays is inplemented. In an alternate enbodi nent, the

progr am menDUAITBYS TRIBICREDARCHITH(CHIREI . e., each cell of the arrays can
havepits own program nenory. Referring back to Figure 25, one enbodi nent of
the operational Qhee@BEdinfnEf thb PreSéM GiRATER € iIpRdRUus FaurArsay (PCA) and
the Progranmabl e Cel lular 20 Logic Array (PCLA) in tandem may be

i mpl ement edintioducegla Ruré Digtibaed Agechiicoess 8lustrateSTARPX D arrpf. Iira@gi ous

ti i | et it dat.a ,i. ded,. t I ts. Th
Thputs mmy EBRETRES T ISEE G A ErBreT nn oSt BT om sensor
bui I't into gNgopfaniRiile ConVIMRIATHAY PCAO sthidg SADWAR convolution

25 capability, which may also include some short term memory, and (ii) PLA, a

programmable logic array and memory area on which transformations or
alternate representations of the sensory data can be recreated. In one
embodiment, both areas compute in parallel and communicate with each other
as needed in a serial but random access fashion. Also, it is primarily the

30 programmable cellular logic array (PCLA) that communicates with the outside
realm, which potentially includes a conventional digital signal processor,

microprocessor or microcontroller.
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scanned into the input nodes froman external data source, including, but

not |imtegdpbgsaksom one array to the other, by enploying apcHANOREAAL €
scanni ng mechanism 3. Carry out the speC|f| ed operation. The operation

code that specifies the 30 operation can be appl i ed fromeither an external

source or fromi ;I;H;[ §n SHEET (RULE
26) WO 00/ 52635“ g&%ﬁé@%%ﬁ%é%£%% f| CI ent ?‘Ml' or the operation
to conpl et emedivgn (mbalcoinhtordy gmdsrommoad:dtmicxcﬁrchns)ragamlat the papkrenher e the

change of the value of the output of the array equals zero or by some other
criteria, tFRIugpaeaisiobn celulacriapesserowpaievogsitethe compenereatithasell st ore t he

f the Th de .|
Cht o nat 1 y. orneSiehis bmer ifort Bt e g B PURERE VR BBthkeBne o
Vi t sf or neét)o@pﬁ&a&woa)abhoﬂefduﬂeqn@&raﬁ@q&amwgqghtoseﬁﬁhlg)) 2)10 8. Go to (2)

9. END Application Exanplé: Single chip finer print loci: control 15 An
applicati ontmﬁscbh@chptpkﬁolfs fohfeedfonrad tempiatervdi gt mldylpb@tlapp(l?a) ed to

Sencor, e rer%‘é lrenon g FaBBLeEfordbrdbily BIF RS (D’ 1§ s
sensor, ) I‘I’l Irmts
their praCt 'aﬁef]} /as\E/}grlé Bﬁﬁiﬁ?ﬁ 1obR&]: am%glﬂ&‘? &l (ﬁ}aé‘ﬁaﬁfbué‘?&"cat'ons for a

single chip, can a he sa task wth no external

processor, aﬁnmp(réylodar% EO@iaible Eigﬁc NG tBNER)/ wHtel datkcadfrols. door or a
drawer or power button that has a fingerprint key are exanples. The latch
remdidns in posi tqutlg@itrml gored @ﬁncméambmmgnfnzté@ﬂmffphg@g@s@%@@h&we
i npressed on_ the Si nc the i of th fingerprint
is binary, ?“S%VOBESSB?%Y@ cﬁbsaﬂenf’rgﬂgglff%e FHE! a_’/gnvﬁf{ﬁﬁcq}% gle)nsors and
use it on ifiw @Wlbrs E@ﬁxaﬁ&fabﬁwb% Md%ﬁ&ﬂ&é&nf@t%@%c@&s@né Eﬁténﬁgfv‘th@”d deci de
whether this is the right fingerprint or not, could be built directly nto
t he devi ce. résblugionaf dleysensdry omtyfalelsystearbetctcmngf thahatailebleof the fingerprint
ns . could be the

R S Y AR L M M SR
I L B e i LT
26) with shrinking technology size; (5) a set of operator sizes that take in data from
a large neighborhood, These are simply factors to consider when implementing
an integrated cellular sensor-processor system, but do not have to be specifically
adhered to, and as such, the aforementioned factors are not intended to limit the
20 scope of the present invention
Nevertheless, taking a systematic approach to meeting the objectives
itemized above, the following factors, likewise, should generally be noted: (1)
to improve the resolution one needs to shrink the cell; (2) to improve the fill
factor, one needs to increase the light sensitive areas; (3) to keep the sensor
25 operational, one may need to build the sensors (or the whole chip) using a larger
technology which again means that one needs to make the cell yet smaller; and
(4) to increase the neighborhood size. one may need to build yet a larger cell
that connects to more of its neighbors. Again, these are stmply factors to
consider when implementing an integrated cellular sensor-processor system, but
30 do not have to be specifically adhered to, and as such, the aforementioned

factors are not intended to limit the scope of the present invention.
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WO 00/ 52639 Conputer Environnent PCT/US00/ 05785 Figure 26 and the above
descri ptiwe o@ks3b Nt ended to provide a general description l‘ET/@S(ﬁsts%bl e
conmputing environment in which the invention nay be inplenented. Al though
not necessarily required. one enbodi nrent of the present invention nay be

i mpl ement ed as An%Bk nnnS€ BAE Bdn ANNPIEMEt (FORD WleBfovRn eotRBli6hs)

i nstructions, such as program nodul es. being executed by a conputer, such
as a cli entarbimiystize naghborhawds er keenels, Ge theryaird ggmpoolyrcaliedindolags i ncl ude
routines, prograns,. gbjects, c onents, data structures and the |ike that
ber 1 o m parPeanaE indSGE arkerid Mehin 15aF 6 LE OISRy dBE types. 10
Mor eover, t | i ot W ey i t i nvention may
be practi ceﬂgﬁ\?\nﬁltyﬁb%}% h@{ngg#%ﬁt% lePﬁ astilﬁg%'e%h%gﬁe%?gﬁsg%@,Ofﬁ!t;'(gl udi ng hand- hel d
deviges, mMihiplenpematRmIanedisyiRINst artd &fopemaRrs sithe basessonr pr ogr anmmabl e
consuner el ectronics, conmmuni cation devices, netwrk PCs, mniconputers,
mai nf rame conput Eresdughdistributad;akehitecee gengeablyinseyidesthiee significapt act i ced m
di stributed cor{Quti n

‘ 15 envi ronnent.s ere tasks.are rformed by renote
br ocesst ng MCOTREs 4 RePPaBl s FRREED R kSt EERuRk EebiideNetwork Th

di stributed conpudtnfe %ﬁ?ﬁt@ﬁ%ﬂ&onc@ﬁ@tmm@é&hﬁé iT@EmpReah@eat ed in both
| ocal and renpte nenory storage devices. As shown in Figure 26, an

exenpl ary georercahvgntiopalskarcthapondepgofsthe telmlarmeurahobtmadek af proomeent i onal

per sonal conputer é(;{ or the |ike, including a 20 praocessing unit 21, a
syst®m menoRich omplayoglingas cufhtnamics PYPTeoytip PRSIYAR FRAIECEY st em
conponents k g the. essi nit 21. The
syst em bus a'é%ﬁ%g'ﬁlggeetad%r lg%létg%%gg%%lgéémgﬁ 1S§E§11tg§t?ﬁeétsﬁiregga$ncl uding a
menory bus ¢Perdii®f® rythe doilrdidtliBiliied archiRéduine afaproptammend f& heeal bus using
any of a variety of bus architectures. The system nenory 22 may include 25
read- onl y ridghifopRaNthanshe ey imwhish one veeds tagavbgut(dREKNINEE O basi ¢

i nput/outp stem 2G. (Bl cont ai_ni t he basic, routines that help to
tronster | TR EE ShA TR chden 2 ERELRLSRER i P B rpucer 207 such
as guring shimldmdtied M@gﬁgp&;t@gufeg ROM 24. The personal conputer 20 nay
further include a hard disk drive 27 for reading fromand witing to a hard

di sk 30 (not shovaspnd,asintadireetoiccofdioskinehr idyrar2i@s fsonimremdd,dedtiooim or writing
to a renovabl e, magnetic disk 29, and an optical disk drive 30 for reading
fromor wri%icHY 2PEMaliesesHED 26 PUSBHChSAr ngls Rnl'gienégbﬁeég SHABPROM or ot her
optical nedj i i I i J 8, and opti cal
di sk dri vqu@dégﬂé%{%{ﬁ%éﬁsaéﬁg{’ { é&%? by B V\E)b'gg%%gcé’gﬁépéqc%‘ %SOO/ 05785 30
may be conneedpmthtion. tTids smpkeethe bupleR@ntayion ahatredsie mid ddet aftecting 8y f ace 32, a
magnetic disk drive interface 33, and an optical drive interface 34,
respRct i velBanufpduigr i ves and their associated conputer-readabl e nedia
provi de non-vol aps| £ 45t Pﬂ&@tu?eto ﬁgﬂt&lgﬂ t{iﬁlka&‘Qx‘c itéé?érk,ral’s%{: Rigé data
structures, program’nodul es and ot her ata tor the personal conputer 20.
Al t hough t henptiss rphprigesamoqattermy cdesof thbachahe ceives Agparitphwytien.har d di sk,
a renovabl e magnetic di sk 29, and a renovable optical disk 31, or

conbi nat i onintaiesravsrds, eachspasiuis dunséiond) pndtsi axreandispn b daplegientaded in the art

t hat other types .of co t readahl e ia.which can store data that is
accessi bl e_‘f%ﬁb‘;ﬂ}f %@?‘Fp%gﬁfmspﬁ%ﬁ?ﬁ? %ﬁlgﬁb\é\’@%ﬁ%@@fn&? lSftﬁ%tsh memor y
cards, di gigpraMinti®fe invbRuioBaFrRPPCIAL whidhiihioHe 8mbodidRtdPRAASERES MENDIi es
(RAMB), read-only nenories (ROW) and the |ike may al so be used in the
exenpl ary ogeesiag igrid veétimionwolagon capabitityvivericlofoudd elge invludedoireshody be st or ed
on the hard di sk, mag Etic 15 di ﬁk 29, oPticaI | sk 31. ROM 24 or RAM 25,

i ncl udi ng atﬁnBB?ﬁ"&)(rV'ng g9r§>tgg}wrggb e convolutlon array PCA part performs

arbitrary linear transformations of the whole sensory data or parts of the sensory

data. The desired weights of the individual elements can be directly
30 programmed. The second part dual distributed architecture is the Programmable

Cellular Logic Array (PCLA). In one embodiment, the PCLA 1s cellular, which

24
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one or nore application prograns 36, other program nodul es 37 and program
data 38. wowssze3pry enter commands and information into thecPescRRNs
conput er 20 through input devices such as a keyboard 40 and pointing device
42. Ot her input devices (not shown) may include a m crophone or 20

M cr ophonesyedndYigd: efidh ofdRETBleRRfts of Hetirfal IcBnkcRM 1o 2GBTS s nehbbhe | i ke.
These and ot her input devices are often connected to the processing unit 21
t hrough a skrei RITLAohawdviet, es hicteeedtil nétsstork andimugpe ethbodimdne raliestoem bus 23,
but may be connected by other interfaces, such a arallel port, gane
port, or urfopssionallegicdp pariermy itispheratonsy 1p 08¢ e@%"%&éf%&aqt e of display

devi ce may al; - : V&L V] i nterface, such
as a video lg%@lgtmgrgc &@&gﬁﬁﬁggﬁlﬁ %ﬁv%%ﬁ? ﬁleaérlo?z[rﬂh?%? Oﬁ@?n %@r@@ﬁ%&ﬁ conput ers
may $ ypi caldnylogregiv@etestsneli aprtinphiimabd QUANDE OREYOR e\ dditiinaBPown) , such as
speakers and printers. The personal conputer 20 may operate In a networked
envi r onnentongsinhgdinagitcthtresamhe e siabngaghinon g emminbe@npwimgteaggsiplut ers, such

as a renote 0.conput er . Th enot e conmput.er, 49 b not her personal
conput er, faééf’(/@ﬁg%?eénqn&ﬁgé’f ,Staé{g'ﬁmpﬁm ,’ec}b‘38m6512%¥%%§ gﬁAot her common
networ k 1odg 36 SHBSTH TG SHEFTol RULE 8be scaRLOAIRAG39 RGHNB00/ 05785 and
typically includes many or all of the el enents described above relative to
t he personabumenput er 20, although only a nenory storage device SO has been
illustrated in Figure 26. The | ogical connections depicted in Figure 26
inclide a local area network (LAN) 51 and a wide area network (WAN) 52.
Such net workj i commonpl ace in offices, enterprise-w de
conmputer n o &IZHV il tsér, o3 the Internet. Wen used in a LAN

net wor ki ng envi rQaflRbme iyiRs PEnNORENGRTRWS efe ctvbintiepIREbRE.§.0 the LAN 51
through a network interface or adapter 53. Wen used in a WAN networ ki ng
envi r onnentthogehsingaronoreghti vogm emplig cirgpits i hyy hondeagsendies eachmodem 54 or

ot her neans_for est blei‘r(ihiln conmmruni cations over the wi de area network 52,
such as t hePHY & RGCuceii@ 9%88% 54, which may be internal or external, is
conpected to thes&usdiRplyPiSeddnY bR tHBnSELF Ble PRE, thohay kaGrahe- In a

net wor ked environnent, program nodul es depicted relative to the personal
conput er 2Qutpn ippotiiadsnayhisr dfbrenneljorsensstsahadneasuteheniregetiee 15 nenory

storage device. It wil] be appreciated that the petwork connectjons shown
are egerrpl a‘fag/“eéﬁ eﬁpﬁdto%ﬁ%(g%pﬁ‘gu?@t 'i’ﬁﬁ ey Fﬁfgéogﬁ timndA ﬁ'bﬂ‘é“" i nk bet ween
the conput %ﬁpﬂ?%o@@v?ﬁ@ﬁ%dé%ishﬁe& %r%%%x%’i{ﬂ%(hé%ﬁ@ﬂﬁ%pﬁh tdify gnt el ements

or conponents nay or excl rom t general conputing
envi r onmentposiivedehret valse Correspoiddingld, the aegarvke ¢ypidel bipucaag apdds and
teachings of the present invention as defined in the appended cl ai ns.
Net #br k EnviRF Beirbive kewehwivsd A opedigicnapadl eyamplsde sveRPeiov: descri bed above

be 25 depl t of : I b
Gasor  pti on appl O, PR Yo ERBILER E5h Sinab RURBE R TS G0 Oy e

in a networkoenybd NpRNensifiv i Phe dgulvafdnt afiBeBDOp&HGoh RXREBIMEI Y networ k
environnment in which the present invention may be enpl oyed. As shown in

Figure 27, _IaXfriLifrlﬂe*T(—otfiné Bt ller §inme)_al,1rr¢nt Smmetien canghecusedtanegsadreiot ed via a
commnicai | RS Z0yel 181 ACD, (UALEh It 06 5 LA A panet or e
Netyork envidogiNERbrekthatfonIdpabi[FHIE SHEET (RULE 26)
Figure 16 illustrates one embodiment of an exemplary layout of such a
single signed output active sensor. In the embodiment of Figure 16, the active
area is a square of 100 A x 100 A and the whole cell covers a 195 A x 130 A area.
The (grounded) METAL?2 layer covering the areas of the cell that should not be

30 exposed to light is not shown.
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WO 00/ 52639 PCTNS00/ 05785 whi ch the communi cations network 160 is, e.g.,

t he Interwetog/sidge servers 10 can be Wb servers with whi chpéﬁgsw/ds@ggts 20
comuni cate via any of a nunber of known protocols such as, for instance,
hypertext transfer protocol (HTTP). Cach client conputer 20 can be equi pped
with a browser @Qe&%e%b Qoﬁ@s%%ﬁ& V\%Q réniahéoﬁﬁ{e‘é rﬁd%@rlsof‘&g]lﬁéda%t
application software sho In the enbo ment o I gure 27, server
| Ga includaFigreil3, wbctrpltl&cbdsmm adyl negnitive gpatebbpsasedtdtionsars havited. t he

dat abase 12 may i ncl ude dat abase fi el ds 12a, which contain information
about i t emsngmeeEwoRimaneheadditionn follweriyemplgyeshvice theshatocueabase fi el ds
12a can be structured dat abas ki et qvays. The fields 12a
coul d be st'fUEh yusfneadl ugltﬁ% lil(gofgndmfg ‘?%Sh%u%lrfoz%b Xlﬁ@l onal data arrays, hash
tables, or the like. This is generally a design choice based on ease of

i npl ement ati on, anmount of free nenory, the characteristics of the data to
be stored, whether the database is likely to be witten to frequently or
instead is 15 likely to be nostly read from and the like. A generic field
12a is depicted on the left side. As shown, a field generally has
sub-fields ﬁ@]tan;gm@bgn\y(%ﬂ]&pgrrw%/\pf i nformation associated with the
field, such—as a D or neader sub-field, type of itemsub-field,

sub-fiel ds cont afigimred mh%tméﬁfﬂe%mmamm@mdfﬁﬁe@gh ofldiestertlait abase fields 12a
are shown for illustrative purposes only, and as mentioned, 20 the

par t9 cul ar lngmvsfewm%@d\ohn ofic @nb%dl@f:m%agénwl aellearcbssaddresaed b/)a‘ih9 wi del y
according to preference. esent venti o n |I|zed in a
conput er net R BRI om B e R R CETRER: RO PDef P 28edbti ng ana
interacti n%m bdhwiiten NeieRidd [REs aP el MRIpo O BBigined Ok “DNi@Lacting with
client computers and 25 communicating with a database with stored inventory
fields. Likenige,oftthesignebpint! vaheanpricsantasian. Besatmp{eémhpbfdgm}teh a variety
of network-hased architectures, and. t ed to the

sho
el oo & R v 0 HEVALG o arB agiopiregt, "l griind el fed Ope
undgg st ood by uf RORE §B09£ e 'I exscLﬁdvlehné Pxotclﬂ%uﬁ{ (tavﬁ}h@ﬁ PH&]ETH)%H i cul ar

enbodi nents shown and descri are pur poses tration only

and are notsehsitienaieds)toan be @rdun‘d&de Islabq)enwdlmbﬂt offfigmtil8neachkelde of ordinary

skill in the art will recognize that the invention 38 SUBSTI TUTE SHEET

(RULE 26) comlmowmgl PUBEbIDSTEE Ofdiy(2hEous Ffdigi Hhpsifer BBt Olspeci fi ¢

forms witho ena fromit racteristics.
tﬁgee}é a| ik B Pﬁhﬁ%exgrfs ﬁ%ﬁé‘wl raﬁ?éi

Ref er ences |cu ts are not intended to limt

the scope Olfrarls&ﬁ)d%l:ﬁhé@am}@l%e$lé5’§]é|c-@drﬁ|§t1§+ﬂﬁﬁy fofRNdr cd@)iguration; and
20 (5) a three input AND gate.

In one embodiment, the size of the cell can be reduced significantly,
since as the layout of the single cell in Figure 19 shows, there are some empty
spaces. Smaller feature sizes and added metal layers will no doubt compact the
cell further. A significant area savings would result from a dynamic memory

25 cell, since each kernel would be used for a short period of time. Several data
and control signals are generally routed to each cell.
In one embodiment, the controls signals common to all cells include: (1) clock
weight, (2) reset photodiode (or sensor), and (3) sign. Addressing signals are
row and column. In one embodiment, the data signals common to all cells

30 include: (1) pixel reference, (2) inverter reference, (3) weight high, (4) weight
low, (5) weight MSB, (6) weight MID, (7) weight LSB. Furthermore, in one
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WO 00/ 52639 PCTNSO00/ 05785 CLAIM5S What is clainmed is: 1. An integrated
sensi ng dewvics2639npri sing: S an array of sensor processor geriasow@psbl e of
bei ng arranged into a detection array, each sensor processor cell
conprising: a sensing nmedium at |east one transconductance anplifier

confi gur ed eh®odingadf BrinastAtddanpiaire2myldohdtd 6RdatR Fow hdved cdrd@sh one
transconduct ance anplifier confi 3ured for feedback tenplate weights; a

plurality ofwiseleet!sighahand elements o easblcobimmphayatazcopusor enluniatselettr ansfer; a
| ocal logic.unit; an 5 wherein the array of sensqr processor cells, by
Fespond g SR SEORIREN e Sp i eich Sl AuBe sTBP L onut SIHAY, r eshapi no.
and modul atug@.gAtn@ﬁ,g)@en Ltlts SENRLniIRAGI AU Q1A S6Lu4 SPBRREOAE [ Ons whi ch

i ncl ude (and exten radi t1onal spatial afd tenpdral processing
t r arssf or matalomgailte@Ate2desynaiisrisegr at ed sensor processing cell device
conprising: a sensi ngérredi um configured to produce_a signed pixel output;

at |east one nekdgyeddilledraisan eyurele Py layoid ofSor agixeli Wehght bits,
TRCEEIE e T N TN I R

out put; a 6 ’plréexer's \% SSO WTEh at |east 25

one of the @ARLYe SARVIRSigDtwHi@AFE sRRRI th TRAKEABEYI CA @de@n@WPihkf i er
operatively associated with at | east one of the plurality of multiplexers,

the at | easteightbitdareSUBSEH TiUTHy SHER PotRbE o2 6)d the\Wohad &2688ceET/ US00/ 05785

transconduct ange anplifier. configured for eration.jin th ity foll ower
contl gur at 5o AR he BFEREElPR OISRV ol BE QUi Of WG EP associ at ed

wth the a t i : I at., | i; to store
the 'si gne dtﬂé):p)g(e SS%FEB%W%%Q WEESREi¥h A6Y WERRuLNATn bie SRPEHRAE the

wide range transconductance amplifier at the output stage has three bias
transistors with W/L ratios of V4, /2, and 1, each corresponding to the magnitude
bits. If all weights are zero, the pixel does not contribute any current to the

15 output. If any of the weights is non-zero, based on the sign, the pixel makes a
positive or negative current contribution to the overall reading. The data signal,
weighthigh also determines the gain on the photosensor. In one embodiment, the
D flip flops could be replaced with dynamic memory to save silicon area. In
one embodiment, the design may be implemented in a 2 micron CMOS

20 technology design with its pads configured to {it into an area of 2.3 mm x 2.3
mm, and is embedded in a 40 pin DIP chip package. All 25 pixel outputs are
summed on a common output line in this example implementation. One can
select different signs and weights for each of the cells and thus perform arbitrary

convolution operations. Arbitrary 4-bit kernels up to 5 x 5 can be programmed

25 in this particular example implementation.
PCA Process
30 Figure 22 illustrates one embodiment of the operational process of the

Programmable Convolution Array (PCA) illustrated above. In one embodiment,
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wherein the integrated sensor processing cell, by responding io data
control swgmed/®639 s capabl e of transform ng, reshaping, angcifidbainsng the
original sensed imge into varied represenations which include (and extend)
traditional spatial and t enpor al processing transformations. 10 3. An

integrated $efRd ke protd A hedRYEsS Ry ftipBitétels 1o pplidy 1Pthesensor
processor cells capable of  bei ng arrang into a detectlon array, each said
sensor pr ocewgspforad df tewoegeratiing ¢ bap@&mdgsmumdcomwghngd, ino produce an
electrically representabl e si naI means of quan ify' ng the

sai d sensor OBGEFpOd gl%aﬁgoas & wifeb orcestons peER Lo rormilFRbe ot ur al i ty
of _Pr ogr amBRlfank Ak s asggaﬂe% SheblchtvREreQhliflopathifdi®l n_each

| ogic elenent 1Is capa recevvl I nputs fromthe out put of nei ghbori ng

cel | $ and oix gufingd by ol pdlteﬂi of weiphts 20bevgpiied o theerrapt &gomd ed | magi ng
device, by responding to internal or external data control signals, is
capabl e of erRAdimsIhi§ PopullRApsimply abfaintoiEiRh! PritermECB g il sensed

signals into varie e e t.radi ti onal
Spat e and TSR R EBEE SHARS PGS e BORHACmb RS s B At 20
(RULE 26) . fhgn Ak SmP@hlp Where 1 Srayis ANSIUnbnicd Aln A1l - AT A'S. Asaf 9. A
@®. A S% Auf 9. A@b ANS% Asuy% A( % A; y. Af % Auy. AsaS% Aaf % AsaS9. A( @ A,

f9. AaSL. A( f mbhdinka, %M@W%tmmmaaa(as%mpwh PROGBIAEASNY#) y| El ~%: | G
zuol 5 [Vl cal cal cal ealeavl ol gl ool oavlenenl cat Ja@a&%%ﬂ&%ﬂ cal cTal ca

L e R

| w mhc”~Y] ] éa kea]w&]icﬁx]oo@l] d&]f@ﬂ&i}’ﬁl@]p@(&ﬂeeﬁ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca] caL a] ca] ca] ca] ca] ca!
Clht!' A(VG)/WOF&X&&&&&H m' (*(p({vql gb] X]]ca] ca]ca]ca]ca]ca]c

Toa] cal ‘5?]( O3 SRR ehaah i BBl Eh R AR R SR DT\, el cal ca

] ca]ga] cal] cal)] cadmad. C@h@s%]lﬁa]ts:ﬁqbg@bﬁa]ﬁ%&] &ﬁﬁnﬁ@&@&ir(ﬂ@deﬁe&&lg%mgk@al ca] ca] ca]

calca]ca]ca]ca]cal E/ T// 0A1123432334d4444435556n667 7+777TF/7779: K,

TR MRl R B e iy e “]mymlahi]ﬁ@l“ﬂ?i"fﬂfﬁfi%?i%] Soogcal
calc cal call c 2%

Q@A @@\kAAzupkf“lﬂ’% in %’ '] %g' eééﬂf%ﬂ&?‘é SBQ]CEQ}/ O YAEH cay] caj] c)a] cajc

X]BZEB%T&?)\S]E&%}—% EE I—F8F§a|£%}: V]EZ&IEJ F‘}“EELEE}:? \%Eg] 26{(? Z{ \3\;’1e [ V]caV] ca] caV] c

a] caV] ca] ca UV].c Apf]cthaWeigt patthro@a¥itedhaaidion cither externally or from
V] c”*aV] cal] cal] ca] cal ca] ca] ca] ca]ca ca] ca] ca] ca] ca] caFFFFFFFFFFI GTGGHRHHI #J

nJJRAYKLLLMW nternal stl)reg program me

] c%fﬁﬁf CE]U 18 I alfatsarho Gfdu%@oﬁ%vfaﬁﬂec%cmrqm ca] ca] ca] ca] ca

MVHNNN2 G kﬁé{ﬁﬁ&%&'@ﬁ&'ﬁﬁiﬁT%ﬁ&H&v&mh@lﬁ]ﬁé]\@]\ma]fabf] ca] ca] cal c
aU] ca] ca] ca] ca] ca] ca] ca(]hva] ca]jca]calc I]ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal vV} ARy pQyals-zero. Forpichye seapgrs evhich do not

produce a static output, there may be a specific optimum time instant to
25 sample their output. Another option is that the output itself is a time
variant waveform.

5. Read and store the output(s) of the array. The output can be stored
externally or internally. If the PCA is used in tandem with a PCLA, then
the output can also be sent to PCLA.

30 6. Wait for next operation.

7. Ifend of program, go to (END).
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gVgggEh{ upkfa\ W] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] cajxamgormabsva) ca] ca] ca] c*a] ca] ca] ca] cal Ehyiij _jjjj kaklplhrisgsmsye/ oooo:
ppgr prrYssst zupkfal\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca]
ca] cal ca] ca] ca]ca] ca] ca]ca]c”a]ca] ca]ca]calcalcaltQtt*vuvvvvvmmwx\ XXx2y~yy
z_zzzK{h{{{G H.| [Goabg2). W | gb] X] ] ] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! c~f ~i ~~~~~17#Q 9
Yvpi dAYT| wrl g ] EBibaU] ca] ca UV] caV] ca W] caV]caV]c"a

UV] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] calU] cal] ca] ca] ca] ca!
=NTY": <@J $W RUf } xsni d* YTl gb] ] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca]c
a] ca] cal] cal] ca] ca] cal] caV] ca WV] ca] caV]ca] ca] ca] cal] caV] caV]ca

| 98U6RUUI { upkf a\ W c] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] 6a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal!i #neh9A: 617{vqgl f [V]]ca] cal]
cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca]
ca] ca] ca] ca] ca] ca]ca! 7~al / ?%s7DA7TWN vgkfa\ W] ] ca] ca] ca] ca] c”*a] ca] ca] ca] cal]

(2:?3% cajcalc a] cha]lﬁ%]agla]cceaih&a]“%g]cc&]r 8;1(]1,(‘(3] A;)a] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal W
y

ItV?, zupkfa\W]] cate ﬁﬁ&ﬁﬁd&l@bﬁlﬁbﬁ@})&@ii@@]}&iﬂrﬁéh%y@ll&ﬁdlﬁﬂ]; 6&alafig] cal] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal, J&Rr N, 4bn$0?z9ztoje [V]]ca]ca]c

a] ca] ca] caUpe anfleapwrzdnt a] @(d]aga]vgl'ua] Mikahsatwd pdafraa)sizglkeajet a] ca] ca] ca] ca] ¢

AV Efuar gby KT PERapE lea}bcaﬁtca]%ya]%&jlc%}f&?aff‘ca?%fc&] ¥sPRa] ca] ca] chal cal] c

ajc
>A %(? \%f? ! %ﬁf} ?ﬁdr%?ié@% q@%&@a{f gda %léﬁgjﬂéé ]I%f]rﬂnir?' A VOI tlm] ca] ca] ca] ca]
ca] ca] ca] Cabpab.ﬂlmU]mxa]p@(&ﬂrmhﬁaﬂeQa]m}aj lb@]&z&fa&[(PCLA) is a way of

foEMux@Tp{vqgl gb] X] ] c] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]reﬁl]:@&]l 12 & $238eca) ca] ca] ca] ca] ca] ca! : VkB) v>%azupkf a\ W]] ca] ca]

SR oal Ral cal ol ol afpauthed] Rl A1 LRbeALRRLERLE flr ploieleel cal cmald cal e

a] ca] ca] c™a]cajc

+: zugi ¢ YKT Bindly] did digik alhﬂamir@“aaéei 6£fi %] srr6ahemabR] 16 8L ¢Rntarlca] ca] ca] ca] ca]
cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca U ca] ca

m_Z" k\ 8f s$x fnrepagb o] dellular emd. cépcfa]ima]yca"]tl)afﬁh]%la}l@@] wih e dajteal] cal] ca] ca

L o e R L G DRI ThE PSSR EhE 3 FR0 expbodiment- b8 cay cag cal ca
] ca] ca] cal] P@UAC ¢ drcRhGAInCRICat B RhGRNC #readet Hkddic SPEMAG, such as

>{upkfa\V]] U ca] ca] cal ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]
ca] ca] ca] ca]shma]ecia]ecm]ma])ma]mﬁ)]low]ngab]imh mthjumabl(performed using the

IO R p![111T<

a] ca2]0ca] cal ea?elivqgél}ec%ﬁ&f Eé‘]e%’aﬂ% T‘H%i‘ 1&&] @dgi@ﬁeﬂ)ﬁ%}gﬁ; %‘g!ﬁ;g] calcale
%4 988&N Sved Wakfal W] Ul ca] ca] ca] caU caU] ca] ca] ca] ca] ca]ca]ca]]ca
] ca] ca] ca] ca| ca?]t caf f]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca#} yr?Y
10%6&' () - !~ MLOYEGESHthIrm G, @YERSE1 EmentYaie POE a#20 YR drEsskd like a memory
s#10%& () | ED} [ <*! 10%6&" () -!'K*1109&' ()-Y'm'10%3 & ()-!FY"'m'109& () - ni' 1096&
( ) 1) m' 10%p BREY Yo Wiieb Sip1iopyt&e ¢), ogtpuisogre thie PCApean beapplied or stored,

1 194.210% S ~A2UV71094 &
05 100 () Pad T B iyt gan b R A ne FHOAENRRS i pesyyy from
z[ <uy7 L@O%h% E(blht%‘l@%l‘?sfér)b]ﬂs befiebn (n)arghb&@?.dafegﬁhs to ﬁx@ﬂ@%’&/aﬁér&) o2 -
| F10% - & ()- G (sdEuV7 . 10% & () 0% 3+

1108 () a%t&u% /o%ocammif/qﬂ& (e uingl dpdogd grynmmwcmw)fc ()-STLO% & () -
ig}/g%bp& 8 10/ geﬁf%fé%‘ﬂ’se%é&t(@%&)@ghgﬁblﬁgg %&’W%ﬂ@%%’%‘l o0 oA 0
Tovee' () - yo i B pinanl SR odo el S b dne BEREAAY o

1109Z& () - 9iMisB%@a'if FiguldB, b thd BentdQuB&ofigecbnOABEh¢Yn BrIi@vBE () - 1| bdEbC

30 clutter, also in the embodiment shown, the cell output has been staged to

prevent race conditions. In this embodiment, all operations are strictly local.
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1z2109%Z& (woNb3%e3d& () - s109Z& () - 109%Z&' () - &109%Z&' () - F109%Z&' ( pcPNReumzess

1' MIO%Z &' () - &109%Z& () - L$109%Z& () -F'10%& ()-f 109%Z& ()-10%Z& ()-+r}dELC
1&3M 10%Z&' () - F1s10%& () -/ 10%Z&' () --109%Z& () - +109%Z&' () -) 109%&Z&' () - 8STUVbgbC
18910% & () This @Met a()mitatlifid of the invdfiidnl 07 oAO&RbINNERL, @)oballOSGERicny- Y
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18510% & () il Ok kel b HPBELA) PhrudQofe, Glach'Rbdorbiin ot () - """ @rediid

EbC

}/5/3 ég‘é/:d & (DenfizelQYd Kith)ind:Edst@Ubrknctiivityl, WhUelealhl coll Q& mbrd AR () - #9SSETA

1. 1096 & () - $uch@edteis¢ frogBadditesakeglls-in Jeond gtbphobd, 1@ eibir&a@ceidys & () - OB86-
EX&E&&E&AYNC 1 10/ 10/ 10/,= 10% & ()- f510% &.().-9310% & ()- 1
10% & () - 99@‘9%%@/ (V?a- ’E&@&H‘"m‘ﬁ @‘@W@?ﬁénﬁ; %P]C"l(ég/a*’iﬁé"wgafég/&%k&{eﬂoib% u&' () -
0% U ) bk AR Al ARl A s - 10
embodiment, the logic within the cell should be programmable. In fact, the
program may change many times during the operation. Sample logic functions
10 could be AND, OR, INVERT, XOR etc. of a set of the available inputs.

In one embodiment, the PCLA would benefit from the use of the
emerging reconfigurable field programmable gate arrays (FGPA’s). Thisisa
relatively new field. however, researchers are keenly looking at ways to
capitalize on the inherent flexibility in these devices to facilitate the building of

15 a better computing paradigm.

One specific concept in this domain, termed the plastic cell architecture,
brings forth a new circuit type that is laid out as an array of identical computing
elements or cells which could dynamically reconfigure themselves for specific
problems. This new computing paradigm offers a novel feature beyond the

20 common reconfigurable FPGA concept, where so far, it's been possible to
reconfigure circuits only via software downloaded to one or more FPGA and the
chips then directly execute the prescribed functions as hardwired circuits. This
added feature is the ability of one circuit to dynamically configure another
circuit. The resulting processing array is able to mimic the ability to create

25 specialized cells, which in turn allow a cellular array like the PCLA to configure
itself based on outputs of its neighbors, or of itself. This level of data driven
performance allow for implementation of very complex functions from very

simple rules.

30

30
SUBSTITUTE SHEET (RULE 26)



EEEREE

()-)1)))*m*dEYNC 1 &10%U&()-'10%U&() &L10% U&' ()-10% U&' () - &10%
() - &3: h@Po04869) - ** +3+| ++, dEYNC 1 &(10% U&' () - & 10% U&' ( pcYidshd/0dss
()-&#10% V&' () - &" O%U&() S 10% U& ()-,*,p,,-M -dEYNC 1 9310%
()- 931810%U&() 9/ - 10%U&()--10%U&() , 10% U&' () - &s*10%
()-"---.4.5.6.7.C xnb@" 100/@44&'() 10 U 10 U 10 U= 10% U& ()-9810%
()-L6 I10%U& ()-4Y10% U& ()-C. R ../ /"[#/ $/ dYNC!I 10

PCLA Process

Figure 24 illustrates one embodiment of the operational process of the
Programmable Cellular Logic Array (PCLA) illustrated above. In one embodiment,

5 before the process begins, the necessary local and global logic functions that are
needed is determined. These logic functions should already be implemented in
each element of the array where they need to be performed, or it should be
possible to program the logic contained in each element of the array to perform
the logic function needed. In general, an operation is defined by the pattern of

10 operations carried out by the individual elements of the array.

Accordingly, a program is made of the sequence of operations needed to
complete the task. such that each step of the program specifies one or more
functions to be performed by each element of the array. In one embodiment, at
any given time, all elements may be performing the same function or different

15 functions. Likewise, in one embodiment, it is also possible to obtain the next
operation conditional upon or based on results of one or more previous
operations. In one embodiment, the program may be stored externally or on the same
chip where the array is implemented. In an alternate embodiment, the program memory
may be local, i.e., each cell of the array can have its own program memory.

20 Referring back to Figure 24, one embodiment of the operational process
of the Programmable Cellular Logic Array (PCLA) illustrated above, may be
implemented through the following process:

1. START
2. If previous operation is complete or if new data 1s needed, get new

25 inputs. These inputs may come from continuous or discretely sampled

data from sensors built into the array, or they can be scanned into the

input nodes from an external data source, including, but not limited to
the PCA, by employing an appropriate scanning mechanism.
3. Carry out the specified operation. The operation code that specifies the

30 operation can be applied from either an external source or from internal

stored program memory.
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9. END

15 Communication between the PCA and PCLA

[t is evident that in addition to power and ground signals, many other
data, control and address signals common need to be distributed all across the
chip. As is the case with many photosensor chips, the PCA portion of the chip
should be covered with a layer of metal with openings only at the photosensitive

20 areas to allow for the exposure to light of the package. Typically, one would
ground that layer of metal that covers the whole chip. A similar layer could also
be used on the PCLA portion of the dual architecture to carry the output of the
PCA to all points of the logic array.

The row select and column select signals of the PCA are reminiscent of

25 memory addressing diagrams. Only when both signals are logic high’s, a
specific pixel is selected. These signals may be used to load the weights to the
cell.

Elements of the PCLA can also be addressed as one would address
memory cells. A row of cells could be thought of as a long word. A set of write

30 and shift operations could replace the need to route multiple address signals

across the PCLA.
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operation is defined by the pattern of weights for the PCA and the pattern of
logic functions carried out by the individual elements of the PCLA.

Accordingly, in one embodiment, a program is made of the sequence of
operations needed to complete the task. such that each step of the program
specifies one or more operations to be performed by either the PCA or the
PCLA, or both. In one embodiment, the program may be stored externally or on
the same chip or multichip module where the two arrays is implemented. In an
alternate embodiment, the program memory may be central or local, i.e., each
cell of the arrays can have its own program memory.

Referring back to Figure 25, one embodiment of the operational process
using the Programmable Convolution Array (PCA) and the Programmable Cellular
Logic Array (PCLA) in tandem, may be implemented through the following
process:

1. START

2. If previous operation is complete or if new data is needed, get new
inputs. These inputs may come from continuous or discretely sampled
data from sensors built into one or more of the arrays, or they can be
scanned into the input nodes from an external data source, including, but
not limited to from one array to the other, by employing an appropriate
scanning mechanism.

3. Carry out the specified operation. The operation code that specifies the
operation can be applied from either an external source or from internal

stored program memory.
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7. Ifend of program, go to (END).
10 8. Goto(2)
9. END

Application Example: Single chip finger print lock control

15 An application of the concepts of the present invention may be applied
to finger print recognition systems. Finger print systems currently require a
sensor, memory, processor, and loads of software, which in turn limits their
practical application. There would be a myriad of applications for a single chip,
however, that can accomplish the same task with no external processor,

20 memory, or program. For instance. a lock on a door or a drawer or power
button that has a fingerprint key are examples. The latch remains in position
until one of the “authorized” fingerprints are impressed on the lock.

In this example, since the image of the fingerprint is binary, it may be
practical to equip the PCLA with binary sensors and use it on its own. The

25 logic program to manipulate the image and decide whether this is the right
fingerprint or not, could be built directly 1nto the device. Alternately. if only a
linear transformation of the fingerprint image suffices, one can build a stand
alone PCA. The programs could be the combinations of the weights, which
may be stored on the device. As another option, using both the PCLA and the

30 PCA may enhance the features, increase the resolution, or offer more security.
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objects, components, data structures and the like that perform particular tasks or
implement particular abstract data types.

10 Moreover, those skilled in the art will appreciate that the invention may be
practiced with other computer system configurations, ncluding hand-held devices,
multi-processor systems, microprocessor-based or programmable consumer
electronics, communication devices, network PCs, minicomputers, mamframe
computers and the like The mvention may also be practiced in distributed computing

15 environments where tasks are performed by remote processing devices that are linked
through a communications network. In a distributed computing environment, program
modules may be located in both local and remote memory storage devices.

As shown in Figure 26, an exemplary general purpose computing system
may include a conventional personal computer 20 or the like, including a

20 processing unit 21, a system memory 22, and a system bus 23 that couples
various system components including the system memory 22 to the processing
unit 21. The system bus 23 may be any of several types of bus structures
including a memory bus or memory controller, a peripheral bus, and a local bus
using any of a variety of bus architectures. The system memory 22 may include

25 read-only memory (ROM) 24 and random access memory (RAM) 25. A basic
input/output system 26 (BIOS), containing the basic routines that help to
transfer information between elements within the personal computer 20, such as
during start-up, may be stored in ROM 24. The personal computer 20 may
further include a hard disk drive 27 for reading from and writing to a hard disk

30 (not shown), a magnetic disk drive 28 for reading from or writing to a
removable magnetic disk 29, and an optical disk drive 30 for reading from or
writing to a removable optical disk 31 such as a CD-ROM or other optical

media. The hard disk drive 27, magnetic disk drive 28, and optical disk drive

35
SUBSTITUTE SHEET (RULE 26)



109%& ()-: | REJESHE | *10%& ()- (f10%& ()-sL' y10% ()- $10% ()- F" 410% ()-

109%& ()-1 39! 41098 () - &3109%&' () -1 1109%& () -/ -
10%' ()-. @O0%& ()-f, T1I0%& ()-bC !S10%& ()-s! 10(%2&' () - BCI/HS?_%O:WSS
109& () -1 <10%&' ()- 8810%&' ()-8Uq62X6bC 18 "10% 2" & ()- 1< " 109K ()-

R OB T e e e

810%z& () -

&10%z & ()-
&10%z& () -
&10%z& () -

5

15

20

30

@c/ﬁ@ & sfc rivé m&fac@ 33 W%Z(%tlﬁl drive%@r@&gglg )res ctlvely
%(I—H C &10%z& ()-: Al Yez&

2l T&t@ﬁ@z&?l(q lei%(assioEﬁEed\t&lﬁ@per&éad&bﬁ%ex& povide r&ih&ﬂzﬁatﬂ’e ( ) -
3 s%%gg/eaozf%ognputer readable instructions, data structures, program modules and
other data for the personal computer 20.

Although the exemplary embodiment described herein may employ a
hard disk, a removable magnetic disk 29, and a removable optical disk 31, or
combination thereof, it should be appreciated by those skilled in the art that
other types of computer readable media which can store data that is accessible
by a computer, such as magnetic cassettes, flash memory cards, digital video
disks, Bernoulli cartridges, random access memories (RAMs), read-only
memories (ROMs) and the like may also be used in the exemplary operating
environment.

A number of program modules may be stored on the hard disk, magnetic
disk 29, optical disk 31. ROM 24 or RAM 25, including an operating system 35,
one or more application programs 36, other program modules 37 and program
data 38. A user may enter commands and information into the personal
computer 20 through input devices such as a keyboard 40 and pointing device
42. Other input devices (not shown) may include a microphone or
microphones, joystick, game pad, sateilite disk, scanner, or the like. These and
other input devices are often connected to the processing unit 21 through a serial
port interface 46 that is coupled to the system bus 23, but may be connected by
other interfaces, such as a parallel port, game port, or universal serial bus
(USB). A monitor 47 or other type of display device may also be connected to
the system bus 23 via an interface, such as a video adapter 48. In addition to the
monitor 47, personal computers may typically include other peripheral output
devices (not shown), such as speakers and printers.

The personal computer 20 may operate in a networked environment
using logical connections to one or more remote computers, such as a remote
computer 49. The remote computer 49 may be another personal computer, a

server, a router, a network PC, a peer device or other common network node,
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810%2& ()- ! ﬁﬁlgt(gtgcf‘ ;n 1gur!e 2(%1%){5 lzogéllc(a] connections depicted in Figure 26 include a
local area network (LAN) 51 and a wide area network (WAN) 52. Such
5 networking environments are commonplace in offices. enterprise-wide
computer networks, Intranets, and the Internet.

When used in a LAN networking environment, the personal computer 20
is connected to the LAN 51 through a network interface or adapter 53. When
used in a WAN networking environment, the personal computer 20 typically

10 includes a modem 54 or other means for establishing communications over the
wide area network 52, such as the Internet. The modem 54, which may be
internal or external, is connected to the system bus 23 via the serial port
interface 46. In a networked environment, program modules depicted relative to
the personal computer 20, or portions thereof, may be stored in the remote

15 memory storage device. It will be appreciated that the network connections
shown are exemplary and other means of establishing a communications link
between the computers may be used.

1t is further understood that different elements or components may be
included or excluded from the general computing environment, or otherwise

20 combined, to implement the concepts and teachings of the present invention as

defined in the appended claims.

Network Environment

As noted, the general-purpose computer described above can be
25 deployed as part of a computer network. In general, the above description
applies to both server computers and client computers deployed in a network
environment. Figure 27 illustrates one such exemplary network environment in
which the present invention may be employed. As shown in Figure 27, a
number of servers 10a, 10b, etc., are interconnected via a communications
30 network 160 (which may be a LAN, WAN, Intranet or the Internet) with a

number of client computers 20a, 20b, 20c, etc. In a network environment in
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As shown, the database 12 may include database fields 12a, which

contain information about items stored in the database 12. For instance, the

10 database fields 12a can be structured in the database in a variety of ways. The
fields 12a could be structured using linked lists. multi-dimensional data arrays,
hash tables, or the like. This is generally a design choice based on ease of
implementation, amount of free memory, the characteristics of the data to be
stored, whether the database is likely to be written to frequently or instead is

15 likely to be mostly read from, and the like. A generic field 12a is depicted on
the left side. As shown, a field generally has sub-fields that contain various
types of information associated with the field, such as an ID or header sub-field,
type of item sub-field, sub-fields containing characteristics, and so on. These
database fields 12a are shown for illustrative purposes only, and as mentioned,

20 the particular implementation of data storage in a database can vary widely
according to preference.

Thus, the present invention can be utilized in a computer network
environment having client computers for accessing and interacting with the
network and a server computer for interacting with client computers and

25 communicating with a database with stored inventory fields. Likewise, the
present invention can be implemented with a variety of network-based
architectures, and thus should not be limited to the examples shown.

From the above description and drawings, it will be understood by those
of ordinary skill in the art that the particular embodiments shown and described

30 are for purposes of illustration only and are not intended to limit the scope of the

invention. Those of ordinary skill in the art will recognize that the invention
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15 wherein the array of sensor processor cells, by responding to data

control signals. is capable of transforming, reshaping, and modulating the
original sensed image into varied represenations which include (and extend)

traditional spatial and temporal processing transformations.

20 2. An integrated sensor processing cell device comprising;
a sensing medium configured to produce a signed pixel output:
at least one memory device configured for the storage of weight bits,
wherein at least one memory device is configured to store the signed pixel output;
a plurality of multiplexers operatively associated with at least
25 one of the memory device;
at least one transconductance amplifier operatively associated

with at least one of the plurality of multiplexers, the at least one
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