; €3eA4QALLMOEDQ) EM617 APA 7R17 FLEXI BLE PROCESSI NG HARDWARE 1
ARCHITECTU ffﬁ- PLI CATIONS This is a Continuation-in-part of LZ@fRZ%Z
Pat ent Appl i B8 rial Nunber 08/953,772, filed 10/17/97. FIELD OF THE

| NVENTION 5 Thi s ?nventlon relates to the field of flexible and nodifiable
processi ng hardware architecture and nore particularly, to a processing

har dwar e architecture I S ations.
BACKGROUND OF THE | kﬁ?&ﬁﬁﬁ09$§CEg gﬁtﬁhgb?ﬁggpégggﬁgF&ggﬁguter (PCO) has
enabl ed a variety of |ow cost processing systens such as image processing &
machi ne vi si on system designs b%ﬁﬁgﬂﬁﬂszﬁﬁﬁiéﬁéé har dwar e whi ch take
advant age of the technol ogical i mar ket. 15 Four typical
configurations ofhsgchsP& baaednhﬁagenpﬁﬁepsstngfaudSorPanehtne Vi si on
systens thaf are w dely_used.toda te o] e sinpl est
confi gurati ﬂpéfcg%&ﬁn §e§§§§eﬁ1m§ §ﬁ29§5a332 2}9 nibéagﬁFgrface boar d
or systemresides on 20 the PC s peripheral bus and is used to acquire

i mges fromone or nore caneras_into the PC s nenmory where the inages can
be accessed and processed by tﬁﬁgﬁéléﬁbzﬁﬂuiﬁxﬁﬂﬁgiE referred to as the
franme grsabber orrhest Pi@ACESSOMO reQRftlc@Ur8bi @heSi BE814hey 03l e(RH 1S sRbel Y
responsi ble for 25 all i mage processing operations. Another class of such

systems useBC@AlfLagirn pPEHeeeEBENAccdiaidtadie boartEhisesssiret t ABAPC RPXL | n
perform ng sgpeiehikbheycompyt al i gNAJdas SxReENaLYawaRd eéi@ﬂ§t¥@th9§99that
processi ng operati ons. This will be referred to as the vision ~'~r
accel erat or@ %°H§c§P§r§Pé819é§tSﬁﬁéé@s§Pﬂ§166ﬁPFgaﬁatlon Yet anot her
possi bl e configuration involves a conplete inmage processing or machine

vi sion subsystemin the formof an ex anS|on board -Iugged in the PC s
peripheral bus. This 5 boar dBAEKERPEND A@H BN CHON of ten al so coupl ed
wi th degicated i € ;AL _GES Ne

confi gu(réatl on, t egengegggd%ofrqq;trg{é%% %onp %\?{/ OF#:PO %ss e?lnlabv]iesc: oan
processi ng m)lexatyonsff r dowt heosdst PRCCER inlgi ctsy@aremsowdmtkdeoh&atsdaqeo
user i nterfaeg.o ONALOL ¢ Orn 20, phber (Lasks T URNING, Onyll;GROCURLER Y Jith
t he i nage/ vi s on processi ng S runhi ng on the Vi si Oh™ processSor

mul ti processtagdaodizgdr at h@ndwaké bewhifler rethk® asadveneapeddedf vi st}nm

processing g0gh1§1 841 LAT IEhnBLIEESR B8 EROT bEURSLLOP:

15 Four typical configurations of such PC based image

processing and/or machine vision systems that are widely
used today are highlighted below.
In the simplest configuration of such as system, a
frame grabber or camera interface board or system resides on
20 the PC’s peripheral bus and is used to acquire images from
one or more cameras into the PC’s memory where the images
can be accessed and processed by the PC CPU. This will be
referred to as the frame grabber or host processing
configuration since the host CPU is solely responsible for
25 all image processing operations. )
Another class of such systems uses a plug-in processor
accelerator board to assist the PC CPU in performing some of
the computationally expensive and extensive image processing

operations. This will be referred to as the vision

1
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15 A final configuration uses the PC only as the progranm ng and/ or user
interface environment for a standal one vision processing engine connq:'_ygdr{,
to it through a high speed serial or network connection. This configuration
will be referred to as the standal one vision 20 processing engi ne or

st andal one target processing configuration. Mst recently, the PCl buss has
enabl ed hi gh_bandw t - i as an

i mge acquig%cf(ﬁa]benygo‘?&lhrr%geaa%%%géggsfén% %%%érlﬁ?a%ge ?%%@%os?g%&gﬁéfﬁgt her
enhanci ng t he perdioranotkenf pakbkiblie almel grerdtionmedievbidded asy=imgrhete

fi ions. Th i de. ilabilit f_ .PCl i bl f h
PC mar ket oA | RERFEDS MY 1 6t FTE A0 TOr” DD T4 e B0 T Rer@s™ Of

processi ng aubsysires sucthoasd t peughpedeiB30thenPlLonepeiriphpe rarl Wusi.on This

processing ,subsystem _configurations. Us the PCl bus as a local bus..is
ot v ¢ RouSIT - EReE Segen His ShHaTREaF P, T S 12o98EEY, Milbs
1 7 A PR ?'dedi diteabackis ghowr\rfes Ha1g exanpl erat ben PGl rawa rnsas déai grieds
primarily for fhe PC market and as ch, the_topo]o nd data flow i
directed frohaHHATPBY tﬁiPSugﬂ“a%e‘i%%cﬁ] Bds B?f%@’é %Ug F?@BRSFeLﬁriQp‘ife_r al
buses conned£ts tATDUgGhsPeh pribeeBEhnr icgas tikerLi frsef eneedoke ®§ CPU
peri pheral bridges). The host CPU expects to be the only CPU in the system
and al so exXfEds £ARt o PR AAEFEEEd st i RERE] rf‘"ttiferg‘%//%?'enf’ﬂﬁﬁﬁ?; e

Any pl yg-i notdand, t Loed dr@in deyi 68 Wt BoaBuerbarddodweilH e tighaRd /M dilchn
| ocal menory to be mapped to 10 avoid conflict with the host PC nenory.
Mermory assiRFRRSAS Ay t@SHS f FBANSAE oFD t Wd'SoUieden PRFOBREECEr t he THost

operating systePASDss G € Tl ghg alralean When necessafar ddy ayei dasysim
| ockups by either hiding devices behind the peripheral bus bridges (where

they are i fdRefad| v b3iehe RECRDIFIPL s§BIERF, 6F by ar@ffor ALAGESSING

di sconnect i dihgpddiyp the PCl bus until they are ready to accept bus
transactions. ATfurther drawback to using the PCl bus as a | ocal bus inside
PCl bated systeds iEiralisegobfiguragdengr aptics hlapt &€ (V@)Y hepei rkhe

referred t%%}ngé‘ iGiep! Q)ﬁd?.%@”oﬁé@f’ %Wat e diaﬁ?r?‘f%ﬁeﬂ‘coceférus%d by

the PCl BI ost” Operating System 0 determne t
control | er .sthrsiad cavee wesionli prereasipgl eBod8emmmuirseatiedr sousknd hdidu®dy ent

di scovery al gotithns of Is become d r.e.than one -4j.spl ay
controll eraaon %%QHPCI%%%} Zg\é'%l%g, P ad];egc%or%%ar $ﬁag(r%ﬁ é%?tjr ers \th%sso
wite driversffigunatgion pyblcbe sofsirmt fot redudes psbbhdatone. ¢isswen an

expansign peripheral bridge j RY. E | I Thi s
[ nventlbgn %%(r:o(;dcreg’lasﬁéﬁ/ pr%@?ﬁl{e‘g t hef ol Isgv%rgdgal?; [ rrprté%?ré—lr;l't S vgrlggtshe ng
current statcmfofgureeiamt.. 1. A flexible vision processing architecture that

uses the PO buyag the &IPAJJednRr 2eassis! 96 W2 A0S Righ bandwidth

data transfers between a plug-in device such as an image
acquisition or image processing board and the host PC,

25 further enhancing the performance of all the above mentioned
embedded system configurations.

The wide availability of PCI compatible components for
the PC market makes it also attractive as a local bus to be
used 1inside a processing subsystem such as the above

30 mentioned image or vision processing subsystem
configurations.

Use of the PCI bus as a local bus 1is not without its

' PCI Local Bus Specification, Revision 2.1, June 1, 1995
2
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1 7 APR 100? which enables a variety of enbedded and standal one vision
system configurations to be inplemented with either no or only minorl?7 APR 22
har dwar e and software nodifications. 2. Two different methods for hiding
PCl devices that 5 avoid conflicts with the host PC and allow for the
enbedded CPU to boot correctly, 3. Use of a peripheral bus register to
reset the epheaded LPHLuBGErt he peEORIAMPIRG Hus Best s habdgr figjdey to
respond, w thout affecting other secondary bus PCl 10 devices and the host
or primary RGRJaZIN herhédeofPT omarkgtt RerkndeddeghePihe | berplasro@pdai t h
di agnosti Coind EpeRalingy fystesycadent d NaRL e MepdisenebufMOTnELASH,
menory. These and other inprovenents over the prior art are 15 rea i zed by
a reconfi glrisiae vigi 6n tarecot her Pprépbssig byipstsencenuddtedt bhepuahi AR T s
the subpect, frapber ,of; jHig pg?e%e {n! PX??HQH- eHheyd egQPEéHQEQ?' %r{i&@%%%s.' ng
system architecture all"ows for the inplenentation of a variety o i'sion or
ot her syst dhecombs yuLaVi arvpaar et npeertdigt ednbyy 8PUO igi nghe dpgtew, andi ch,
i n one enbadi ren ' r bly_.a b -iin e [ b d w an
attached d%gi%gsz%}r(p%gﬁghtegeh%rtga#gsat{‘agc e’gggﬁggell%ctﬁggﬁl g%coﬁﬁéectsyéttgm
thereto t hmengirya REp.MezZary nelogriect cardandadudhoirs géugged wittto an
per sonal caonmput xpansi.aon sl.ot. The flexible 25 and reconfigurahl e
processi ng err{r;&re(?emd/éar{%l?@hﬁ?gcttﬁr 3 o]TOVf hletsf)r]féggﬁ;L Vet ortno u%eésm?ﬁge Clt% us
as thelenbedded vie i gt ogessothEPHostl dealmdmisr y whi Bamnoy aslsy gameows f or
flexibility in vision.system confiquration_ but .alé&all%gn PCl clgvi ?‘%s to
be hi dden m FREChoSTOEPG™S oAl P f 6PU36S5F oper? s 8F arltitip. MPRE

arcgi tecéu\rxﬁéﬂﬂ%ﬂw PesvaEn S(Gﬂg eﬂb@&lﬁ@dml\iigﬁiﬁg ﬁgﬁsﬁfsshlag @Hebeabgdto
re-boote en the secondary PCl bus host bus bridge fails tq respon

T hout - af PG SHOEERCRY TrRR hdd sBLohear P PBrtbde BAFEhRa i the

~ ~ =~ - gevwigesrdll Nehs YbriBgear ChiHead UtRe pf atbe iRfRSRINs igIeeNby Olthe
provi des a nethod of |oading an enbedded vision system CPU s | ocal nenory
with ojpér atiofg sKfst ENFERR) di &fnokYi eFBAE ARt Kot SARRNRSE 169 REMRBr FECRSH
memory. 5 BREERIESGR RHQN &niHE RRAWNGS v sl pk itud il i@k agr am

of an enbedded processing engi ne configuration; Fiqure 2 is a block diagram
of a processi ngfadcBiteret FTIWR ek dFgi BF2BP) t8EnFCJurtits oS a2 cbPaRRgPUS one

enbodi nent ;1@ iefe t BEIPrESEal | HySdhoON;iFi gHLBd I Bya Dl alaed aghaphatsa
processi ng accel erator configured without a digitizer, accordi ng t 0 _anot her
enbodi nent 28RPHRE | (Wit difrFiyureforred ot ol dektleagt armiay SOREaRe 1§Fabber

15 confp QUBAW OPhACCArdig 1P Bebearat Nese £MBodi fRAt pofT tBEOENVEIY | BBst
Operating System (0S) to determine the system display
controller. There are many different PCI BIOS manufacturers
using different discovery algorithms some of which become
confused by more than one display controller on the PCI bus.

25 Also, PCI adapter card manufacturers who write drivers for
their products sometimes introduce problems, e.g. when an

expansion card has a peripheral bridge chip.

SUMMARY OF THE INVENTION

This invention accordingly provides the following
30 improvements over the current state of the art:
1. A flexible vision processing architecture that

uses the PCI bus as the embedded processor local bus and

3



Figure 5 is a block diagramof a standal one vision processing engi ne 17
atchitecture according to one enbodi nent of the present invention:; APR 2007
Figure 6 is a schematic diagram showi ng a sunmary of sone of the varl ous
different architectural configurations fromthe previous Figures; Figure 7

is a flow chart show ng the steps to acconplish the boot time reset; and 25

Figure 8 isypisehemlbiesi agrapidft @ §¥Skaibeldded nPhemitingg 1bhe W§sﬂ&®ry
reservation according to another féature of the present invention.

DESCRI PTI O\ \GFt STME CORERINES IEVBODF VERE THEP helPeee @ ddddr | dEEne R g sor

i nvention C&@y'r§§§®r'ﬂa§@wggg Qh@f ShEedaeabadimentat 8oRE. bus add-in
extensi on board 5 1 100 that includes a digitizer subsystemD

enbodi ed, for exenpl a'F‘giO L‘Prlrf(%é@ntl methAds t§oer EaLgat EF Ic gay id@esacheat and

el ectri gal 'é/v&mnesa@@ltcesemecmﬁlt% m@g@ ﬂ@oaaargwewa R YRZ 28R 88deq
connector2 (pnt) 36; although such an 5 inplenentation is not a limtation

of the presen? ‘F%v}é@n@toﬁorAﬁFhéMgh the present invention will be explained
utilizing the PG busyfor gxenpl ?EXG;PEEQQ%e%ué h'r%dlb S @4l i pLkati opy V\ﬁl ch

the present invention. For exanpfe e conpact PCI” bus specification
in one inplenpedded ofEE dhea 68hbi tSd:ﬂj-‘Sldm aPCAg s 6610131%2 bnd avwidgder

PCT Dus speglligatbondodie SREAIAGT LRrle, (HERCPT S EaNNL00) o d cplp

wi thin the scope of theé i nvention ron any
archit éét uréewihaceh amdl| theshasbusrsprumauyeCMich makes two (2) devices

| ook |ike they aje 15 conp tggeigg&rl%c:c&l ngengbeb dev\/n Cc,ﬂ),al I oi/\g%ag
u iC

d
bus extensions wth or W't ﬁ ?eectrlc ering, bus &
extensi on arenmalegi griedh t diepgeratécas andsi ageeabisg |$1mm;| deded witheut
wi thin the opeS of %hﬁ: @resegé Egventi on. 20 On the board 100 is a PCl to
PCl bri dge3 UShi 2 FR ePtate8 d R3LPT¥rU PC peri pheral bus 27 to a
secondary, Vi si omeso@cess] ngtagst einp¥dvdmesntd6 brekudele oprtie PEEt are

ext ensi gn board The .extension board 1 al so iincludes a_ processin

el ot or YA A, 3 reRR s TBRafer JoPY s G ASEET et I RS £e
specific i ndpHat etézc‘dmoiédaurz’&,, ahVoh (Ybdethdr apibiestadaptee) O6£Sithé ar
display controller 33, and a system CPU subsystem C. The conponents of the

syst em CPU Rifiisy/st e §Hct Rie anTQﬁbeaﬁéﬂngﬁg’t‘Eﬁ?@U RECCEHHT EHI 3Py Stem

i nterfaces d@crihesdoste SKIlemsPAobdUEhE7 ibaeRetPbltsubs kst e Fabidfl, of
St andard Physical and Environnental Layers for PClI Mezzani ne Cards: PMC,

| EEE f 3861 0rS¥QD 29, ORBPF| SYSTeB95SOnLTERIPELOPS BEI by iidEd SHedtiace Qurd
speci f poat ighdfey.ddvDcé, which, in one embodiment, is preferably a PCI

bus add-in extension board with an attached digitizer
daughter card attached and electrically connected thereto
through a PCI Mezzanine connector, and which is plugged into
a personal computer PCI expansion slot. The flexible
25 and reconfigurable processing hardware architecture of the
present invention uses the PCI bus as the embedded vision
processor CPU’s local bus, which not only allows for
flexibility in vision system configuration but also allows
PCI devices to be hidden from the host CPU +to allow for
30 proper system startup. The architecture further permits an
embedded vision processing CPU to be re-booted when the
secondary PCI bus host bus bridge fails to respond without

affecting host CPU or other secondary PCI bus peripheral

4



CPU bus 15, a host bus bridge 17, and the PClI to PCl bridge 25. Host %ysten1
conponents which may be included in the subsysteminclude | ocal DRAMI 7 #PR 7y
(dynam ¢ random access nenory) system nenory 22 and system peripherals 21
such as a DUART 5 RS232 serial controller, NVRAM (non-volatile random
access nmenory) with a real-tinme clock and a CPLD (conpl ex programmabl e

| ogi ¢ devi calypreyl di e nbadlet el (RISl 19¥ AHRtbpdsand ohbet: boar d
"glue" logic, as 1s well known in the art. Power is continually nonitored
by a CPU l10psgpéfesser jrechiog, odhileadimeyiate eriadrddv ivdk ol ngy$oemhePTPY i n
the event OiagaEOY\ﬁémEi‘y' U&z?tﬁ“dohg'}&@% Provides fongmgual,poprd resst.
In the case"wherein the present rnvention is inplenented in“a vision

system digwitkedtviteoudat afi 80¥entr FHABHometmbeydi gitizer 12 (a true data
digitizer 12 in the case of an analog canera 14, or a canera interface 12

if the canera 14 is a digital canera) or other general purpose interface
over the secondary, vision systemPCl bus 26 to |ocal DRAM 22 on the board
or to the host PC s IocalB i spl g 6&0 e éS 'H its own nenory

37. The “vision processin ansacti ons using
snoop handshake, F2¢urthus | eadi g tdme AS1GJKkeMliagh@a anst 18Hn W éhbédeed
digitized video informati on. After processing in the processing accel erator
20, the datBrP§e§§tht8“9ﬁ8e2§°82ﬁgﬁaéal9Péion system CPU 16 for further

processing. Finakiyurthe data mawbde disgdaay et on pesadsshi sl ayceBetsontt he
| ocal display controller 33 or as an overlay in the host PC s display

control | er. AL pPulHIitt 25T )ho&PBE i g¥R2 bACHRFFEP ra et @ it PEPRBLRehbry
wi thintche hestnPCGres8HECEnGOASbALNtS and will not cause boot time
conflicts with the PC hardware. FLEXI BLE VI SI ON PROCESSI NG ARCHI TECTURE 7
1 7 A PR 20Q2 ThEl1@rESedt iPndeliot iHANEEs athe RERIDSEHN GraFFeEFaF@r
whi ch al | owsoarydeeyar ialthRfc SYat eMiaRkiigatks t 0308+ aPheMeRled Wdbher

m ni mal hardware” and software increnmental investment. 5 Figure 1 shows the
basi ¢ confi¢iPadiBantopfathesiBHepESEBSESi ng engi ne system embedded in a PC
as a PCl expansi pighpardg By susiang phhe xPClyshus a8 e |pcat hus of rib6er
vi sion processi ng Ssubsystemas well as the lIocal bus of the host PC the
presentl S nveprf bpurakeen adeanzdien®f thi deey 1Anceiie ] algmbosdmsartened able
easily inpl oL s;ghternative vision system configurations through

di fferent conbinations of the major functional groupings of the base
architecture as Wghrde explai aedlmibowdizhesami of sgchstandailonal gioips
shown in Fi - di gl { i sqQ referred th

arabber or ehnera ThferPilR SHRELFEERR PR 0 BhsySrddfFent
the vision atceherptosestbsyserhian; A1l t hese subsystens are connected to

each other throu econdary, .,V si p in Cl 6 i ch
is 20 Héself conﬁg l%g% t%o Jf%egPécshé(rﬁoés%trb Cé’%?sl@%n %&?%?jnhgstsu%#% 4 éf':l\f]nd
associ at ed semer pI32thér vagh casbudi peexrpiier akcbasectuerflaceon hgeigtions hi s
enbodi nent } -1 o-PCl. bus. hridge 253. In the enbodi mrent of such a

Vi si on syst%ﬁ?ghgﬁ%l#%Fé%g?nglg?kggﬁge data 13 fromnultiple caneras

14a- 14d can be progessed7by itshe avi sflosw accled et at eho®@ngt he hembeddgds vi sd on
systen1CPUt;&(m9rlb¥ha hos% g%il24 ip cagesaxhere the vision systemis

resi dent on ?%e Hos CiEFpe?lphE%Q? data budCe. g. as an adapter or

peri ph@bal card)Fiduwési®n system sthemaBici ndlaghesma dHcad dsgptay 28-and
serial and discrete ingu%éougﬁﬁh ports 30 to support real-tinme nachiqg

vi si on operdtY oHES AR Y ntBF ACEREY o A€ SHTR 3 Rhe P G&ATEY  &° pRICY o
Bridge Archfésctise eoSpekefpeasenn, iRegntiof, April 5, 1994 8

DESCRIPTION OF THE PREFERRED EMBODIMENT

The hardware described in this invention comprises, in

30 the preferred embodiment, a PCI bus add-in extension board

5



1 ~,~R~ 1~ For maximumefficiency, the digitizer 12 in this

i‘npl ement ati on packs nultiple pixels (data sanples) into a |arger %to

match the width of the vision processing systemPCl bus 26. If the 402

data bus 19 width and the 5 vision processing systemPCl bus 26 width are

not the same, the processing accelerator 20 would reformat peripheral bus

words to na t.he W dth .of, t he _ne b or the yjsiqQn Rprocegssing
b8 seRiadaader 10t oY h AR n et B n 2 FRBPEReBE S

syst em PCl I A~ connec h-di rec

access (DVAgxemsleryceninpidesy, 7innvedipikeékedatdassngd es camdhi ght seieed
bursts into_a, portion.of .peripheral data bus_address, space. .l.n .the present
i nventi on, ?Iﬁ?seﬁrﬁﬁgﬁéc(?r]igyof THET etc?re%??%%l(l%abgﬁﬁfciorlOPSbt,hrs%ggrréda

vi si on syst pOI CPMerRmwine2?2, chosécEhtf nenphy) 32,36di sphhyhoogh r olshesh mesmry
34, 15 qr host._di Sﬁ| ag,control | er mrﬁr.mr.g g7. A EDI‘E det ai | eg expl anati on of
the operati oRPbFMEREAEABRAYEd IFsPontCyEREMPT neF Ul figPaepPBESErRGELON.
accel erator A is provAhlleHoughcam@npye oured iBateanrtti oAppli cat ben Sgsiadned
Nunber 08/9S3, 772, which is _incorporated herein bé 20 reference., To enhance
the flexibi Py oEPehiFBecEih GHativn FXFTET LY t RBEBPEPET 2ER1SuBSYA¥m®D i s
i pl ement ed] a8i tatE3FaANGNE BladighIsGas dinMehltiizinng t hirsri npkanpené ati e a
variety of different canera interface boards can be conbined 25 wth the
sane visi onCpPREessFhy BHEi A@S6d4rGatasn Yhe cBorfe X% HR; LHEH & itk Z5hi ne
card igothrough apPEl yezzaperatceagnest oke( M 36d FaBYr @ theshopsra west
reduced version of the enbedded vision engine configuration of Figure 1
wher ei n_t heSRABREHEYTBONVItsi RIF syREEHT EPY 15, Tiwst FBEYTBr AdGe A >L3RTRM
menory 22, gystgm perdipher alre 26 qyed diesspkay copisohleriarenteppyved to,
create the accel erated host configuration nentioned earlier. In the

enbodi nent ddFiiere AnY hélexdbds pabeksteagupe whizh ~utiligzes7 3ystem
compri ses as i gi{uzer (2ulsyshamel: iy chf ndeidesSubsbantiald vchy same
conponents di scussed above wWth respect to the digitizer subsysteniof
Figureld (Jorneokedn uRidient $nefludiagt we diws tiwhdichsubdyswensfare bus
identified o ysing,dhe seme Sefgr eAce: NWIRIAIS oh1Thg, SECONG, coananent; Of

t he vision processing systemof Figure 2 is the vision acceferator
subsyst em AQushpoH, Huskeexhendignt iazer drmisyrrentd, dperatisstant kralsyngle

| dentical tg,{he; F%&é%i@%r@&?%‘oer 0L 1 EHRRY SHEM &c8heFl GAIN €nd ﬁ:!&descé)r(%”’”
conponents are indicate usi ng the sane reference hunmeral s. THi's

enbodi nent avenei émpl enent ed using a plug-in expansion card in nmuch the
sane ner as t odj frdigure 1 ve t e shen

woul dn%gt i ncl ude tﬁgtécoﬁng%g&enﬁsoif glghga VF(s::fg\r/lFOCPBCsIuEE%%%%%CE?bf qﬁl(l(gjcur}e
1). In thisicmoficenta hEsth& RoRCICA¢ Ripheralasiesl aWt hor anrdewprideery,
Vi si on subsystem a i catd. r, e.VI.Si ccel or._su st

woul d stil IS\}IJbéel%a?’Ea ﬁ%gs évﬁ ¥ \sé@%ﬁoc%%lgi rk%lsacggl g&a‘flof&%l 8r120;pﬁ§vhiEf:tLF:‘nl
woul d al | ovextiensigedowaddo i nformati on to be pre-processed before it is
routed to the hast CPU .24 for 2 fural h?boprQESSSi{'xg' ure 3 shows a

Fi
further cost-reduted VariatiBh o°3e above Rt | on%]du%g%ce%sipr{gocessmg
accel erat oracmfée rprrat | snbsyBitencdnf | fup aément ¢ dc prpdeatadd yordy the ASIC
processi ng accel erator subsystem A w t hout digitizer .subsys I
i mges are Z8% Jq%%’e%nt ﬁ’PSédﬁlg sler\};)éaergaﬁagefcfaﬁ‘bgﬁ?hégeg%boa db?’g]ot z_"Leslhcg'?{/\%)
As in the cprdplgirsat edapak i gor e s2pifthe hbistp IRy CPbn24olbas tide vaaHom

appl i cati on.  Howev t he vision processing accel erator | C 20 i s st]
avai | abl et/ TR gthes Ssyl'so%er%oﬁputa on c.’mponenES of ‘the system S

subsystem C include an embedded system CPU 16, which
30 interfaces to the host system PCI bus 27 via a CPU subsystem

? Draft Standard Physical and Environmental Layers for PCI Mezzanine Cards: PMC, [EEE 1386/Draft
2.0, April 4, 1995

* See PCl to PCI bridge architecture specification Rev. 1.0
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built fromthe nmezzani ne card conponents by changing the PCl nezzani
connector (36 of Figure 1) to a standard PCl edge connector (not shown),
may interface 10 1 7 APR 2002 directly to the host CPU PClI peripheral bus
27. This further allows for the devel opnment of software drivers from

existing s re onents. Turning_now.to Figure 5, fift odi,ment
of the 5 iﬁ%g\rll\%iugncji s sho ?tlﬁufh})ﬁgﬁﬁo&%ﬁeﬂn% e{%‘eEt%C:Irn T gSﬁ{TBgFPg? 25c¢
or any ot hes.conHusicCadyonem Nneamposeah sasviPRIh (RERI Per ahatabedvein atgeri al
line) , can be attached to, the visi ystem peripheral bus 26 in place of
the PG -t 0fBEFYBLE orMigecss ot giFaM (9Y5Pmst ANt T T7 oBEB8aY) act s
10 as a st apdakinenancd on2Pr afesSO stehs mariglee el 2D bughr @5, at DBART

st andal one_yi sion processor configuration includes npst of the sane
corrponesntsRﬁaggriib %o&@r\}ﬁrﬁ)ﬁlﬁ spettRAth ?H8n\7?’§i18ﬁli§st%5}ﬁ M FRGGFPES1.
Q her conf hgbalionsyican be emdasi-ena@ Wdivdsh f fenent al5 drmt i @Bahplex
groupi ngs of the basic subsystens highlighted in Figure 1, including for
exanpl e, bBFCAGE™MRRIFed R%LC | ARG PBF aPFAY 4 BANME G ST Sife sdft phEkEYR as
the visionjpreenssibe et Nechorf gbard “Yid” Ceo@l@, &8nfilsguiat i ORnodn
summary of the grecedl ng Fer%gres is showmn in Figures 20 6a-6e, wherein
block *C #Bpr&8ent3rthe EnfRMRREd CPU CSISSyStadhy n&rndited ehebepua hBBY bus
bri dge,g SY§EE€EU§§B&X~ Jeed, Pharials p iR ta fANI | @ rih di SPERY cpu
controller; block "D represents the Digitizer and Field I/0 nmezzanine card
( 100d haviRg HPCPVERtothler asyrawan bfizLébRpatdnsl efeggbers R Dr £250
such as a R}, ,A®zzani-ae ;eqrpector) ; and block "A represents the
processing accel erator and its captive nenories. "H' represents a host
conput er, whichIns atkessethsg a ameEehsr netheor RRRshectlinyg®NtEPR keys
chal | enges; |81 8RKLRA4t RIS 2Kt ect rky.ale ; ightdghhed,instbe

fol |l ow ng ée tions. H DInN(_éa PCI@ Ié&%%ﬁ i%ola%l%l%dqd‘gl\% c%s maay E% nt
addr edsed 6nom POe Bligitizer WPR(2002uphdatdediigesilzies Behiind sheerkpher al
bridge on |ts sec ry b e,hrid r chi ur; i ficati 1

all ow up t%kl de\gllgggg}st oy%%e%%drlgésecgs gec%%]rha%/ tﬁst%% rceess?1%19%:}:'5\,\4:!-lla

i npl enent edabgreonhéctiisngat hdigleva e cab8kl )| | o tatteePCgeheaddr essrpoae in

30 As Figure 4 further shows, a frame grabber (digitizer) D, mmhff%ﬁm
A

the range AD[31.16]. \\en configuration cycle is_issue ra_deyvi ce on
t he sane bhgggf?ﬁé toavregret ?hﬁp Stec?% devi c‘é%glrr%rﬁl Sgsggﬁ‘r g%éslgdbgﬁ %&3?911],

t he remai niogali pPRAMbERN@nuUSed theardentd foyo oo ilgsat PONs cyotel t gpsplay

confi ration,register ,nunber_.and devi ce function 10 nmber ., Thi s _peans
O SR A S U b ey i i Ve ki T L 4 P
and connecpedctosADpleEckEldratliddeh fsoovph® phieser yrremmafidd®e using

peri pheral _bus brid 2 but . not_.fro he. enbedde on _the ondary
PCl bus. 15" ThB éjlasr%ese{lya%cednt%(l)rletrhutshanjfé'?(gl%%egggs aSqIPC(L)chFm?ggcélﬁsgaarWd
di spl ay deV8bewdahf uses dightihed PCid8bOSnEBasacibnput gt pSyséesinand

the installed _host PC s displ troll i t o, whi ch_di spl
devi ce shobfd BE \RECITTRE SVSFaniarssl 4 debite S 1y PANS Il e
di spl @p 20etie¥daedbekiind ohhe sRGltdar i dgay (hy cofvectfugehds | PEEEebiDRgt 0 a

R ML RUENE NG RN R ML LT D
the local display controller 33 or as an overlay in the host
PC’s display controller.
A plurality of boards can be mapped anywhere into PC
30 memory within the host PC resource constraints and will not

cause boot time conflicts with the PC hardware.

FLEXIBLE VISION PROCESSING ARCHITECTURE
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Al 't hough this nmethod provides a way to initialize a 25 private dEVice17APRHw2
behi nd a peripheral bridge, the device is always visible in the final
system nenory -nmap if the peripheral bridge' s nenory wi ndow enconpasses the
devi ce's assigned nmenory region. Another nethod to hide PCl devices
addresses power-on 30 issues (e. g, when the PCI BIOS tries to interrogate
the host bus brigge before its initiali.zation sequence is,conplete.it could
cause the host Ig’%geto "Pl’é?@enéuri ﬁé‘vﬁ&gtl)o.n 12 m%{‘?ﬁ Wh Hea P ls(fé\ﬂsée@ has
mul tipl e claxkhidorsiuns titel o hel 1eleclas witdey Jer Satppl b€d sfysarma vaaurase: s hat
has a long startup latgnc for, a variety of reasons. The device may al so
require allf%l otks tBP 8m%55F3ti8H§P b&tgHGt BRFYYEESet A'fs iSREEMAHS
stat e machiinascenddntdli sirded smdrite is greater than the tine that the PC
needs before it starts executing its BIOS code, _there js the potential for
deadl ock. Here, BLEIRR o ImehiHe (176 BBEIA! I G SHBRFE 1P gare 7) s ekd
to control ghedaselg ralease apgémeetiiédddd deni geps bBSEL PEaNR&PEN1 on
sequenci ng, to ensure correct operation - effectivelﬁ di sconnecting the

u

devi ce froMR3ar PCIBYULSHREi FRFt BFd bagdy? s F R cepFabuBuer 2hs&bei s iam

state SO, grfrdsdlngd heustateenmchi N 100a8s38ld S16040 ERBW resetheameitt s
host bus bridge reset, disables 15 IDSEL to the host bus bridge, asserts

war m CPU r &let aher eDEESRY 8-bRYeROIMR er tRESS cAfHeREAIR off0 (d6Edtver

reset)1g | it 1el, §5ﬁ$0489ts“h%ﬁaif%ié%ﬁwediMEfngQﬁ@r 93eRe% td ve
sufficient level or nmanual reset is released,” the state nmachi ne conti nues

to assert COIIOPSYRERR &AATAGHCazgopss Wiiangh rdséferent  orkdas tipas
counter resgl Ek?eal‘nlaﬁ]Wrt %&%@ﬁltgﬁ%m Nbr mcgggen%%me@t%@e
| DSEL and assert war.m CPU reset. Progression to state S2, step 130 w |
happen wheris e Idolpgt @xplalieed ducloss. 255 (2S6 cl ock cycles after S1), and

the state machi de-asse c r r,; h ridge
reset remains asqgleer?% asggggsqmu&rcﬁgﬁ%ar e(g‘i%p{? :Q}ggﬁﬁt iléln?ﬂ[%gﬁ ?er?aqi%ns
di sabl 2. Thgs, digéthest CRU s@an dedad rads todeas nftdveraframeanaratlgr ars

systemcl o n 3 S t S e i.n Nt j
o esert SoTEERS RS ) 5B Yaken 1 PURL O TRTON S GRUBLEE R, Fi
all owi ng t rechritye t visonpl etaecdalenattoer nasubsystami zat.i on. ADBEL these ns

di sabled a r ur t renai seried. vin n.to ate .S4, . step
13 17 A%gﬁ\gg@gjf%%w, g?%SEf?r@ee%ﬁ:fbaqsed?Et huesal\égl I o%ﬁtﬁgerhos@%]b%usg}bri &éee to
becone vi siseloenglartyhe seécdndaryrsysseimdvisisyesyPCIM bnst 26 which is
i npl e t at.i_qn nd visible to the host ! reset ,and, host
bri dggﬁ?es et Sre)é‘réicr?n@ée-cécsesggr Oeatha%aﬁ%asf nrlgoigpfﬁélgg gﬁy} eﬁﬁfnéa}as Q&S?'e&?’)%s
Pr ogr essi o 4f r ama s taatse <S4 tte@ sthaher $5 348 | thgenghald ybnet mecifshd mavedibatsel v,
the average wait. tinme being 128 clock cycles. The 8 bit ter 1S enabl ed
in all statlé‘steé:;@é:ﬁt’ s‘f"g%‘égso,l“anégdsﬂ Ié{rg%%(ﬁrﬁ%’fl ﬂ'scoanfé)#-t%o_aﬁ%d 5 of
256. 10 Thémedge &5 ni num wait of one cycle possible which is enough to
performa soft res on the, CPU. Finall in state S5, step, 160, ,warm CPU
reset is de-assért S%leu Eébrowet%r%éjcsolh%} ol Yﬂ'/sjd%%ﬁ@?’f?ﬂgggowﬂallf’" Fig.
regi ste$ bilt, wimhgehed&Pl. TRusfréme ranbedied (cdntdrdy 14a-14d can be
processed by the vision accelerator 20, the embedded vision
system CPU 16, or by a host CPU 24 in cases where the vision
system is resident on the host CPU peripheral data bus (e.g.
as an adapter or peripheral card). A vision 3system often
30 includes a local display 28 and serial and discrete
input/output ports 30 to support real-time machine vision

operations and intercommunications with other devices.

* PCI to PCI Bridge Architecture Specification, Rev. 1.0, April 5, 1994
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15 system CPU is allowed to boot. This state progression thus allows two

CPU s and nultiple, potentially conflicting peripheral conponents to bd MR
sequentially initialized without causing system hang-ups. In summary, the
Boot Tine State Machine 100 perforns 20 three functions: 1. It waits for

all the clocks that are needed by the device to be active; 2. It asserts
device reset unti] after the clocks are present; and, 25 3. |t holds | DSEL

di sabl ed until af®Fog rﬁf?%‘é:rled'fqgﬂ W%ckgi:‘?/t]:&e’éfté% r &Bet thds

deassert ed. ;e ehendtatfieat up£ciabomalsepyes gihe ¥ obbeant haimgihe )yenbedsied
CPU nmust praovide a synchronous clock to the host bus bridge which operates
at a differdftfIrfeqihty ¥ oMt 38"®s¢idt oLt nake supipii¥s PEECERBéAEed

CPU. Ther ef @t eddPUhid epeiency fgeRer aleflorilidatsinily 1oewhash bHa bhkdge
clock. This supplied clock is started onlg after the enbedded CPU has
;)

t
| oaded i %s W& ANRAIRATONT ronFtee HGL Dys728prizidy aohprek pRegeaRfmbl e

| ogi ¢ devi c@nhGPLD. o Reseln rust cDee Heassepbeqioldy Al fSFmihepel 0pke EaPMLLBE
CPU is present so that the host bus bridge can correctly initialize its

i nternal stacgdspio aBebsBeshehotildmof b&heedisitaed dats busi 1 %neughhPCl
clock cycleg;ihawg passed finmdiaseh @easseldin to ensure that the reset

conpletes correctly. This solution is also equal I'y applicable to a PCl

devi ce on the prillgrydégiséeemdaty, site ofonngryigrherl tior iddgecandmanywlier e
in the | iser gy - 10 t hauah S4hi th (e)VAP

initial i|D(g:e %%F?\?m? e%//i Ce Eéhi %& g Sépie%hgf'al ﬁgygégglﬁea‘?ﬂ%@cégfngles

al ways vi si Bhe high hep¢¢dhabuspssermnroncr ypoupioh vie gerigieswal datalgbus
menory w nd st Vi ce' s i ry i EPDED
CPU RESET \WSATPRS T tBus B i de M | e e e BES R, U2 Pt

t he enbeddedh€PUmayed inenaeis <es8ar endriaccas$i, blshafreain thei gr i sps yelRPCLPBus,
i ncl udi ng any_devi regi st t hat ca ssert soft res to_the CPU, 20
A" back- daor TSTGRY 2C265 58 FIgLrEng el or S Rtr Y ront ERS pSF i BRESAY BPr dge
to a sysienppehbpheddlsptlhgt censupes eresetmeryan7’ne asserted to recover the

t Wiile this i ful .pri ily for.debugging, it .int i
e oo B b S bbb RE PR S R ThgetaBabg e, BhLver
attached t oembeddetli phiarialn by sigan Sigehed ahgpur pasedayiig oatPele {43 ©) A

port whi ch 1o addressali e, irom.cont] guratlon a3ce Onhe LT BUS: .,

Number 08/953,772, which is incorporated herein by
20 reference.

To enhance the flexibility of this configuration
further, the digitizer subsystem D is implemented as a
mezzanine daughter card. Utilizing this implementation, a
variety of different camera interface boards can be combined
25 with the same vision processing engine board 100. The
connection to such a mezzanine <card 1s through a PCI

mezzanine connector (PMC) 36.
Figure 2 shows a cost reduced version of the embedded
vision engine configuration of Figure 1 wherein the embedded
30 vision system CPU 16, host bus bridge 17, system memory 22,
system peripherals 26b and display controller are removed to
create the accelerated host configuration mentioned earlier.

In the embodiment of Figure 2, the vision processing

9



An enbedded CPU is usually tested and booted by running 30 code that F !nn,n7
present in an on-board ROM or FLASH nenory because there is no other @

| oad this code into the 15 1 7 APR 2002 enbedded CPU s nmenory. Wth thls
architecture, code can be | oaded over the PCl bus from any source,

i ncluding an Et hernet device or a host PC. This allows the ROM or FLASH

to b d f 5 the b whi ch d t d I
{1 ol d updat S¥°EFRd) SRBFLPRP orel RO ARG . SHRCKRREE: ciral PeTLr o oF SRS

present invegbseantaaillliyt attéie andhrdd | aveEngdrierithe usEsOfis@edonabbasdandtir
nonr ecogni zed PCl bus c nne ted devi ce ,such as, for exanpi 2£%0 Vi Si on
he

syst em boar SBfiEd#Ed © IS SRS TR Tt 1 dieh fi §§STeM

BIGS (the P&ﬁpeheanel @pnmmteerx‘zwcbocahs;lttﬁexBl §Shsganembheadusiientdeviges
connected to the HS’ and al |l cates S sten1nennry for each device. If the
Bl OS sees a'8&PPcENfhieNS %E‘t?g‘?ﬁ )t hENB) EBCPRf of BUPPREN §50F

device and dpes wo§iahl q&%eemmy sfyyténhabfpaeiggubarz dewd cehe VlSlon
Accordingly, the present invention features a system and nethod f

reserving mefBeyeFALShcEURSYISEER ifon; Wsiidh ol K&t e aRdIhet RBE BBPﬁ@Stem

conpl etely DndQBerHjﬁthé}ftiahPl%()laém@ngl BLES wand g hgcd ypenof aeegneeator
pl ugged into the PClI or other he system and net hod i nvol ves nak |ng
e

t he ot herwi 88PFBPERENAIRS cBLWBR i RBda CPEMPIS tGRMRATETHEY | RS sbnehgate

BI G5 wild tHghnkeseleyesimaoryrbeenthe g ca s For Tﬁéerrelneodlra\etnbce casepef a
host or main processing 25 system 200, Fig. 8, such as a PC, the host

syst em BI OSlliﬂEl@’a?F'éﬁdup@ﬁnﬁa?tme%'flm hexpa@ssier mard s}yTstf@,irﬁl’QOt)heTﬁémBl (05
202 reserve al Lqca s ry SO 2 for Vi C t
fia ARdr gf(a, &2 {ﬁﬁfeiﬂQp Y JESIARS 0, g850vdeYi cenk

sees on the us 204 (for exanple, us | e preferred enmbodi nent).
The BI OS 2-€2panbbeat esasd S\y@ubm Meior i naswia cahe2060ppoagatsssiriig theh

d 210 i ng gt fr t
r:é:g?er ZOg o%gga?%%oﬁgéﬁ ééﬁggLQ%fOQ?éggﬁ%gf}Ztgln'%h%iaéﬁbSBg%ietfn
the préfer ree ehbeti BHW ests i bedkadr vinh xennmwmmm heubeyet §m206
s |ocated onop peripheral Buscbridoe gt (2810 Fl8eeldrscFRCNSGBY| SEoR

cl ass code 8 inc 8s-a’cl ass code and o0
pr edef i ned woulhe BIOS speci bvedlebhe anmidtmhiidts tpkbseshenBlCEceaherhyomhat

type of ® deufeerhs GRANRCLEMIL ANBLUR AN At YA, ANEESLnabeln (V88
pre-processed before it is routed to the host CPU 24 for
20 further processing.

Figure 3 shows a further cost-reduced variation of the
above-mentioned processing accelerator configuration. This
configuration incorporates only the processing accelerator
subsystem A without a digitizer subsystem. Here, images are

25 acquired through a separate frame grabber board (not shown).
As in the configuration of Figure 2, the host PC CPU 24 runs
the vision application. However, the vision processing
accelerator ASIC 20 is still available to accelerate vision
computations.

30 As Figure 4 further shows, a frame grabber (digitizer)
D', which can be built from the mezzanine card components by

changing the PCI mezzanine connector (36 of Figure 1) to a

standard PCI edge connector (not shown), may interface

10



Accordingly, the system and nethod of the present invention includes

pl acing a "dummy" device 210 on the bus 204. The dummy devi ce 210a VM]?APR 1007
include a well known and 10 standard cl ass code/sub-class code in its class
code regi ster 208a. The non-standard devi ce 210b, such as a device with an
enbedded processor, etc., wll not have a class code register 208. An

exanpl e of l.ly kn i i t herne kch ery- Bl 0S..202
will recogrclilalzr\eg.%tfé}(Tﬁ\énBFgg %ﬁégm ?clrbLFhEﬁIal Sgggjgegggpegﬁ%li e%7 'am)url; 5t
menory 206d&utrahielre gplakdwsufar tbeei deveflopneatestt 2doOft¥asrehdasvars from

non- st andar d .devi ce)soﬁwe on. the cl ass code of the dummy board 210a.
rive

d
Subsequent Ief/(,lst hé 7 YOFITHE psa’rti cul ar device 210b of interest

will determ ne tthendhaddoessts ageuafe t Be nendiyftipaeceb@8bment | axfat edet 0

t he du devi ce ,210a,, and will divigde and. al l ocate.thaf nenory_range to
var i ousrgnél ér?i?ﬁf‘gl(’é‘nbédsdedsrb?‘”&'essorg? r‘é@’r%te?’gk?o%"ﬁffg,’ etaB.y)EtgﬁgPﬁ&}
devi ce 210kowiren 1wd |25teetk tanytothee éhtmahiocal edls neadny spaneaz06ap 25
In this manner, the above described feature of the present invention

provi des for ChemoRF IEHVatToh By SEEFPLZAGSA  dd®y B U0y etBevl8e to
reserve nerRky ohorsvstem- pbangaedatdeviuse,2d his poaeend f hehsystermcB-EBIt O
al l ocate nory to a %&sjir d_devi ce based on the class code 30 of a du

or surrogat&3d&FtcEe iF5 HTHR hnd>Qublif ¢ tRE ohsShYRoRECGRSEPE AAFY

skill 100 the artstdrdLsd del edoh OpbecubbbiD t he seEpPHOfsédie Id FigufeAPR
2002 present invention which is not to be limted except by the clains
which fol | ow. What SIS/ V4S1PE PAOTRIPR 2981 I hAERELRdeR

reconfi gur abke RYOCESS| 88mSYebRPbn¥ALEh q@lslkewpetiotagdie iwptieneatgteencefl a
variety of systemconfigurations with mnor hardware and software
nodi f i cat i 6R§, Vi&iL@Ns pyE&RIe SpFiigiurg: 1.

Other configurations can be envisioned with different
15 functional groupings of the basic subsystems highlighted in
Figure 1, including for example, but not limited to,
incorporating a camera in the same package as the vision
processing engine to form a “smart camera” configuration.
A summary of the preceding Figures is shown in Figures
20 6a~-6e, wherein block ‘C’ represents the Embedded CPU
Subsystem including the CPU, host bus bridge, system memory,
peripherals, Ethernet controller and display controller;
block ‘D’ represents the Digitizer and Field I/0 mezzanine
card (100d having a PCI or other system bus compatible edge
25 connector 150 such as a PCI mezzanine connector); and block
‘A" represents the processing accelerator and its captive
memories. “H” represents a host computer, which i1s accessed
via an Ethernet or PPP connection.
The key challenges in making this architecture work are

30 highlighted in the following sectiocns.

HIDING PCI DEVICES

Up to 21 PCI devices may be addressed on a PCI bus.

11



a primary processing systemincluding a primary peripheral conponent

i nterconnect (PCl) bus; and at |east one secondary processing systen 7 APR 707
i npl enented as a PCl bus add-in extension board including a secondary PCl
bus and a peripheral bus coupler for interfacing said secondary FCl bus to
said primary PCl bus, said at |east one secondary processing system further

i ncl udi d t .attach d electri I t.ed t id PC
add- i n oxt QRS DREL e bt R aN e BuSEORPREPY BoSAdRee or WA

daught er cafgs, neh&ldpgidgei @Giridhdele ctulsy Y0 it iSomMow il TCagklawi iperdace,
a master direct nenory acc&ssé % controller and field inggt/out ut (1/0)
control | er Yhi GRVAEESE VE° aR§ o ggg\iis%fstr%%ﬁ?%ﬁa¥%l ed darhcsanpPes;s
route sai d Migesnaetedlaby Seomphest 119y NeHer YdéoLed | anseandlceat el anmdr and
out put ort system operation faciljtate

orts to sup an . .
inter cognurﬁ%??%?lsf\’nﬁ‘?h 18 Hete d @P%%SADE.BIT&Q]reco‘?’llf“?ﬁufaalﬂoé‘fﬁ%%

system as clgdredid nisbaed orwheliRivi ceaidh PeHd Phefal bRYs agoupleert GEY,I ses
a peripheral” bus bridge) 3. The reconfigurabl e processi ng\ system as ¢l ai ned
in claiml,YRhef@i t5ai @peFEphePal bhs cadpressednprisedld 3detlddrk the

interface. Amnaie {LCODREGURABIER PEOCES NG R 6 a8ofk 2TBL i AnClRidTel,
wherein said at | east one secondary processing system conprises an
accel er at ort sy st¥H 1 SWHeR Uitk Thg @%&T@ésiwgﬁtfcelaé@t glevipe  functign

reconf y gur gl 0CeSPLNY SYSIEN 3% a¢! AL MBRELJIEE! M fhe WS USA) A bus
accel erator subsystem further conprises at |east one inage nenory

interfaced Vdidelsaied ptlbeesmiphridd ebisorb¥idgan 4rmgad connected to
AD(15:11) is hidden from the primary side of the peripheral

bus bridge 25, but not from the embedded CPU on the
secondary PCI bus.

15 The display controller that is wused as a 1local
{secondary) display device confuses both the PCI BIOS (Basic
Input Output System) and the installed host PC’s display
controller drivers as to which display device should be used
as the system display device. Hiding this 1local display

20 device behind the PCI bridge (by connecting its IDSEL line
to a PCI address line in the range AD([15:11]) means that the
display device 1is only addressable for PCI configuration
cycles by the embedded CPU.

Although this method provides a way to initialize a

25 private device behind a peripheral bridge, the device 1is
always visible in the final system memory map if the
peripheral bridge’s memory window encompasses the device’'s
assigned memory region.

Another method to hide PCI devices addresses power-on

30 issues (e.g. when the PCI BIOS tries to interrogate the host
bus bridge before its initialization sequence is complete it

could cause the host PC to “hang” during boot).




menory data bus. 6. The reconfigurable processing systemas clainmed in
¢laiml1 further conprising a vision CPU subsystemincluding a visi wamﬂm
CPU, a host bus bridge for interfacing said vision systemCPU with said
secondary PCl bus, at |east one system peripheral, |ocal system nenory, and
a local display controller, including |local display nenory. 7. The

reconfi guxabl e processi systemas _clainmed.in claiml1, wherein said at
| east one second¥f§7pfo ? V%@%t%ﬁ?iﬁg$6682eaﬁi95§mﬂqmqﬁﬂﬁcﬁp%e?EE?¥on

(11~SEL) signatklkne wopnes edubplacBCl fAGdr esssandcdat ehdt nevds) khelsggge
An can said gecondary procesging system FCI hus wherein sajd IDSEL line is

tenporari | ySHREEBPed AEN5Yder QA1 @ 2Tt Bhe F88CORTary PRECESTINTE BR_¥em

conponent f08bPridfiyrdr @AASStNgcRYStEN . ApPEQELSRADY M Witt hean
menory reservation devjce, sajd system caonpri sing: aﬁﬁgjnary processi ng
syst em incl GEFRE: 14 SprimeFIRper ShR&LaMATI &SI d grfi Y5 pEPLpKerdMSuss

having Q p[%ﬂ@&@ém RathrbUEhEt rUGldIr ehadNd e Basi Gidetput hoBb pelt iapesed g
System (BIO5), for at |east allocating systemmenory to recogni zed devi ces
i nterfaced §¥eSardngo its ~BIGS .. codep [therg,i dgry Y pRIEB bkt | nfor

response togggadbagd, andyekeCogNi 2icBged e Ofe Cl(388 COSEr £t 05:2d shbwaaCin
sai d recogni zed devices interfaced to said primary peripheral bus;

Figure 7) is used to control the reset release and the PCI
10 device’s IDSEL connection sequencing, to ensure correct
operation - effectively disconnecting the device from the

PCI bus until it 1is ready to accept bus transactions.
In state S0, step 110, the state machine 100 asserts
cold CPU reset, asserts host bus bridge reset, disables
15 IDSEL to the host bus bridge, asserts warm CPU reset and
resets an 8-bit counter to a count value of 0 (counter
reset) . In state S1, step 120, which is reached when power
reaches a sufficient 1level or manual reset is released, the
state machine continues to assert cold CPU reset and host
20 bus bridge reset. It releases the counter reset to allow
the counter to increment, and continues to disable IDSEL and
assert warm CPU reset. Progression to state S2, step 130
will happen when the counter value reaches 255 (256 clock
cycles after S1), and the state machine de-asserts cold CPU
25 reset. However, host bus bridge reset remains asserted as
does warm CPU reset. In addition, IDSEL remains disabled.
Thus, the host CPU can load its mode information and start

its system clocks.

In state S3, step 140, the state machine "continues to
30 de-assert cold CPU reset. It also de-asserts host bus
bridge reset, thus allowing the bridge to complete its
internal initialization. IDSEL remains disabled and warm

CPU reset remains asserted. Moving on to state S4, step

13



at | east one secondary processing systemincluding: a secondary perip?9%y
bus, said secondary peripheral bus having the sanme predeterm ned bus R 2007
structure as said primary peripheral bus and serving as a |ocal bus to said
secondary processing system and fox interfacing at | east one secondary
processi ng system peripheral device with said primary processing systemvia
a peripheral bus coupler and said primary peripheral bus; and a surrogate

peri pheral 13évi c&DSEL L 3urmmfked pefhBRerat LR E e NOSE nBYUAo RTEFFS i Eant

peripheral devge {ugehhanabht yrandstAGhYEENI A HASS (699€0hCdi $4€Em in
containing a peripheral bus class code of a standard peripheral” device;, and
a peri pher &hifsuyl Rl g2 ebop] edndoVsaiHL1pr tRatPepiassihg sySPém &Fd to
said at | eqsls N, RECRPLAT YuR Y8 ! eBmSA daPeLL POSESE BHS GAuR] er

i ncl udi ng sail d system al | araaabl e nenory to be allocated by said BTOS. 9.
The systemColU dlegiah Fameled R s38etgsbr)i pheral bus cl ass code of a standard

peri pheral devi a h deyi C cede. 4P he t of
claim8 wherein a(EJI pstjslc&enoglr y@(fl% gsre%gttﬁdagg %gri%) e?%l %(éus‘héJ:s'L }né u Z‘%&?fm
buses. 11. natnetdwit cimedid taly a Processtage subsyst émet beanhode8prcdoedsi ng
SyStEW]_SaE§ %hOd'ngp%'ﬁtﬂgzcg&nte Zs~5§ableﬁ'infaffnggg£égge&%e t
processi ng subsystemto a .host peripheral "bus, wherein said processing
subsystem issat@t F&cogndzed ldy saitdithostlyprocessi Rgtby st empdwclonnett i25¢ .a

surro e riphetal deyj.ce sai.d, ho peripheral b id surrqgat.e
peri pgigé al &gg\#celﬁavgn\g{dlﬁg“éuﬁbn?’ |“1(t:-'anéS£ péjﬁlleph(e:?lgﬁled ?%se§$%%ct“l%olnca i tly"’ and
i ncl udi ng aneGghBus ¢geasomode gl stexretcant aih@ @Pta peri pheral bus cl ass
code o.C a standard r%elrni I]_eral . devj cgeagg at IeaﬁtGOOne PCl 8 tgasgtadl%r ess
regi ster; allocating system’netdry -tocsart professing ‘EUdsyst ent b3SEd *6n
said at | edetaenerRed busdbasecFddiaees dagirsdler bpf deaisdexttrir@gas e “thalt”

per pheral Sexisei J61p T 0RO 0 adghess hande ol 32l Rl THIYike
15 system CPU is allowed to boot. This state progression thus
allows two CPU’s and multiple, potentially conflicting
peripheral components to be sequentially initialized without
causing system hang-ups.
In summary, the Boot Time State Machine 100 performs
20 three functions:
e 1. It waits for all the clocks that are needed
by the device to be active:;
e 2, It asserts device reset until after the
clocks are present; and
25 s 3. It holds IDSEL disabled until a programmable
number of PCI clock cycles after reset is deasserted.
The first feature above solves the problem that the
embedded CPU must provide a synchronous clock to the host
bus bridge which operates at a different frequeﬁcy from the
30 oscillator that supplies the embedded CPU. Therefore, the
CPU frequency generator must supply the host bus bridge
clock. This supplied clock 1is started only after the

embedded CPU has 1loaded its mode information from the

14



di viding and allocating said address range to processing el enents on ﬁajgl
"processi ng subsystem 7.2. The nethod of claim 11l wherein said host PR 2007
peri pheral bras iqg a PCl bus, wherein said processing subsystemis

connected to said PCl bus in such a way as to be hidden from said host
processi ng system and wherein said systemnenory is allocated on a PCl bus

bridge. 13) A reconfigurabl e processi.ng stem ich allows for the

i npl enent atcio&?l&‘x ap\fg’ iré‘t“ﬁ}‘a esy Pgr]nccoaﬁ’bﬁ?atm “wi t RGRHor e dwlPe
and sof t wvarde asedirfftiezht bohg, agaed et el @HPf i &h NGhea CPUI NBY Yp PE SERE SisRY
system i ncl udi ng pr i mar eri pher.al conponent interconnect .(PCl) bus;
at |east off a§ec5ﬁ’&ar§wpsr oc%é’s?i ng = em“hpl Eﬁﬁﬁﬁgglé(s an %Ilgl’.]idgreadd-tisn
ext ensi on heatdnancl sdebg.a secondaddeF¥ds bsroabd andrer bpheredpddded 1té A
~0 ~nrtz> bus cqupler faqr i rfaci sai d. secondary PCl bys to said primary
PCl bus® sé"in&lgrt Ie%g%bnepéﬁco%ﬁ%&g prHcESSi n %@st%ﬁ?fﬁat h%FOf“nclrﬁ(iFﬁg a
daught er caled saletraghed Nk aed real [Hhe ayeet ebripd etaisd FGreadd-yi.n
extensi on board using a_PCl, bus conpatible connector, wherein said

secondary procedSifg SPStrhoConprPi sessa VF¥idhi P et itel Gdi Rgla
vision sysigemiCBU, oa hosd s nidydgerf deddiifackhaesabed W s @BiP)‘iétrﬁm CPU
wi th said secondary PCl bus, at |east one system peripheral, [ocal system
menory, an@TadescaindirdpiaL onty deePCT Riisudileg ar6dd- di spl ay menory. 14.
The reconfi gur ahhe RRRELSEhRY SHsidR ObrekabBs 13 WogRe! B saifl Sieaandar ¥
processing system further conprises neans for hiding at |east one secondary
processi ngPS}IREM cORPORENtOFIHGIA sai PPFIvRASA r BEdslgEng Yt davies As
reconfi gur ahl,gyBr 068SSiIN1G SHSH eMheWhisgh 2al | 9¥'§tgfﬂr hBRoGP! gEBNt aki oRpEf a
vari ety of sys_tyem configurations with mnor hardware and software

nmodi fi cati BRS1PEETE sy BFéAPEoNPENSI g Wl PR QNREESSisng thpst daViiAel §di ng
a prinmary pekipReHaneaRRONRY; Jont erconnect (PA) bus; and at |east one
secondary proégssi ngesystem I r%plnemant ed as a PCl bus add-in extension board
i ncluding a secondary PCl bus and a peripheral bus coupler for interfacing

said sggondary PCl bus to said prippk¥ B&b RUS. Rgg'q at | east one secondary
processi ng system further includi ng-—a—-g-a't:glﬁer-ﬁ%“attached and
el ectrically coWheot edha hassti dbP€l baddgendextiensilomkisoard tsé ngeaoP@hrpus
conpat i bl epE?”%%%t,Ort?&h%%'eﬁd%%! C&E?F%gﬂ‘&’awsp%%%%%'sngaéé’ stgmLLoslydes a
Vi Si on processing ‘systemconmprising: z

from the primary PCI bus, including any device registers

and

that can assert a soft reset to the CPU.

20 A back-door signal (26d of Figure 1) was created from
the peripheral bridge to a system peripheral that ensures
resets can be asserted to recover the system. While this is
useful primarily for debugging, 1its wuse 1in the driver
ensures that no problems occur during driver loading. The

25 signal 1is attached to the peripheral bridge’s general
purpose input/output (GPIO) port which is addressable from

configuration space on the primary bus.

LOADING OS AND TEST CODE

An embedded CPU is usually tested and booted by running
30 code that is present in an on-board ROM or FLASH memory

because there 1is no other way to load this code into the

15



1 ? 1~il~ a visron accel erator subsystemincluding a processing acc r@#?r
and aC |l east one image nmenory interfaced with said processing acceI A 002
via an inmage nenory data bus; a digitizer subsystem on said daughter card
including a digitizer, a direct nenory access (DVA) controller, a field
i nput / out put (Z/U) controller and at | east one canera; and a vision central
processi ng A i ncluding an enbedded vision system CPU, a
host bus bﬁ 4%§%#% é??%%&%g}sald vi sion system CPU with said secondary
PCl bus, syst emeam)rg/hlatareasteonereystedepeanpher é.b,adaddlosr@lraythe PCI
controller i ncl |ng dlspla memary .f o interfacin a l,ocal _di m
sai d seconcPa gfﬁ’mbus fgu)é‘lﬁ'hé ré%:é&n L?raabrf el:E grocrgsm %avéyst e% of c‘] C{»] m
15 wherein EE(BJ d Becsndaipwpr abtes Koy csnysEIﬁmSH un¢rher y coapbies esmmoaats foim
hi di ng at ast, one se on ar rocessr onent fro sai d, primry
pr ocess?ng j'ﬁlst% ]yecgr Tl SYpbic T Agades
A LR ASbeW1dyﬁkad&JEhﬂ&mdbtﬁlnwrawmt A AF 7L/0f
I|wq|gb]X]ca]ca]ca]ca ca]c calcall ca ca] cal cal cal ca] cR
a] ca] cral ca] ca] ca ,dér_] d‘éﬂfﬂ §.<a] aﬂ 1:% )]: lné‘ 1anntlon
n#s##A$%ah$JJﬁta)t:*é*sk Hﬁﬁﬁ;rl{myliupktaéwlse] od] aahoa]—csa]amai]acmi] ea] aajrea) ca
]ca]ca]ca]ca calcalc %%%L ca]cﬂgcA cal chal cal ca ca ca] cal cal,ca! V1~11
12222&6' GLW@J‘?E z R OBk 1 8]‘c CAPd&) c 4l cal
ca] ca] ¢a] cajicsa]aa] §9!s@a:]ncaa]o%a]d;a]m&&cf@éd:atpa] 4] Qﬁdm@z} Céhﬁ@]lﬁa] cawiadec al M
MMIVMVIVNNNNRR>R? RLRVRRRTTTTTVVIOW WANAYYZZ{ vl b]X]]ca]ca]]c%?]!Pl églcggrgkha]ca
] ca] ca] caUreditan) eat e aF¥afe®) BAPeal Eapcl ?céP@éF@&Féa ] ] cal
Z[[\\ the BIOS scans the bus for devices connected to the bus, and
\(\)\~rnrAngr 273 (a) abbbbcccceeeof f og~yt 0j d_ZU] ca] ca % é ]éca] caJ ca] ca
] ca] cal] ca]cd] A G ctf b cAEFLEY c 40F c &PEA O Yddia) b BB c A P4] C8FCalTa) ¢
al ogqghhShldujitBi ichsjt=] bt ARBEPIhRE; Sre&yguiyamwmpmamptras! i & M&}@al Qéhe
Ul c*a] cal] ca] ca] ca] ca ca]ca]ca]ca]ca]ca]ca ca]ca]ca}ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca} erajdealic capeal ARERXAC Yy AT #OTOFH| | +PF| +11839) B399 -4R] xsn
id_Z]]ca] caLalLal cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal p~~~~~
<=e3p+3<} xsni d Z] ] calAxjedend by ca‘]lc%l] ca{@a%a] caprantapea) dgpcatres] cd cal
calca]calc alecal | 1] ca]
cal ca] ca] cg]] a ca] ca ca%Eﬁ 8 %g %%]s%g:]‘%a i?n (% @i:af{lg5 Oa\] g%tc\ﬂad]rga] ca
]ca]ca]ca]@ﬂQhﬂ&xﬂX§$em and met od elng comp letely 1ndependent of

2] aa] ool cal CACHT oy 2] oAl L) AT hl R T O Crpb ATAL o b mhERVETC] o] ob

ca] ca] ca] caD]td'm]rca]chaB] ca] c@]iea] gsptahcaind] oud ¢ a)icwcaiesn] craql@artq ca]h?
a] ca] ca] ca] ¢1al GAlkal £8r A FSPAMd 0P8 £ ) 1 PRL 10% L&, (5thhA%rd device so

that the BIOS will then reserve memory for the device.

For example, in the case of a host or main processing

25 system 200, Fig. 8, such as a PC, the host system BIOS 1is
called upon startup of the host or main system 200. The
BIOS 202 reserves and allocates system memory resources 206

for each device it sees on the bus 204 (for example, the PCI

bus in the preferred embodiment). The BIOS 202 allocates

30 system memory resources 206 by addressing each device 210 on
the bus 204 and reading the contents of the c¢lass code
register 208 of each of the devices 210 (boards, etc.) on

the bus 204. In the preferred embodiment described herein,

16



& ()-110%f& ()- 10% U& ()-!sY9* 10%JU& () - | OWMUBSDM 10%

'6& () -b& SDM 10%& () - b& ySDM 10%

& ()-b& SDM 10%&' () - b& SDM 10%&' () - b& >SDM 109K ~ K A 17 APR 2007
& ()-b&[ ~\:1ly:" 10%& ()-S/!1{Y(S10%& ()- 910%r& ()-M 10 U 10 U 10 U& ; 10%
U& ()-!SDM 109 ()-b&] @

the memory 206 is located on a peripheral bus bridge 214 (25
in Fig. 1l). Each device’s class code register 208 includes
a class code and sub-code that is predefined in the B1OS
specification, and which tells the BIOS exactly what type of

5 device is connected to the bus and how much and/or what type
of memory to allocate for that device.

Accordingly, the system and method of the present
invention includes placing a “dummy” device 210 on the bus
204. The dummy device 210a will include a well known and

10 standard «class code/sub~class code in 1its class code
register 208a. The non-standard device 210b, such as a
device with an embedded processor, etc., will not have a
class code register 208. An example of a well known device
is an Ethernet card which every BIOS 202 will recognize.

15 The BIOS 202 will then allocate a specified amount of
memory 206a to the particular device of interest 210b (such
as a non-standard device) based on the class code of the
dummy board 210a. Subsequently, the driver 212 for the
particular device 210b of interest will determine the

20 address range of the memory space 206a allocated to the
dummy device 210a, and will divide and allocate that memory
range to various elements (embedded processors, registers,
FIFO’'s, etc.) on the device 210b which will need to utilize
the allocated memory space 206a.

25 In this manner, the above described feature of the
present invention provides for memory reservation by
utilizing a dummy or surrogate device to reserve memory for
a non-standard device, thus forcing the system BIOS to
allocate memory to a desired device based on the class code

30 of a dummy or surrogate device.

Modifications and substitutions by one of ordinary skill

in the art are considered to be within the scope of the
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at least one secondary processing system implemented as a PCI bus
add-in extension board including a secondary PCI bus and a peripheral
bus couplecr for interfacing said secondary FPCI bus to said primary PCI
bus, said at least one secondary processing system further including a
daughter card attached and electrically connected to said PCI add-in
extension board using a PCI bus compalible connector, wherein said
daughter card includes a digitizer subsystem comprising a camera
interface, & master direct memory access (DMA) controller and field
input/output (I/0) conlLrollers, which receive and organize a stream of
related data samples, route said organized data samples to memory
locations and control input and output ports to _support systcm

sperations and facilitate intercommunications with other devices.

2. The reconfigurable processing system as claimed in claim 1,

wherein said peripheral bus coupler comprises a peripheral bus bridge.

3. The reconfigurable processing system as claimed in claim 1,

wherein said peripheral bus coupler comprises a network interface.

4. The reconfigurable processing system as claimed in claim 1,
wherein said at least one secondary processing system comprises an

accelerator subsystem, including a processing accelerator.
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wherein sail accelerator subsystem further comprises at least one

image memory interfaced with said processing accelerator via an image

memory data bus.

6. The reconfigurable processing system as claimed in claim 1
further comprising a vision CPU subsystem including a vision system
CPU, &a host bus bridge for interfacing said vision system CPU with
said secondary PCI bus, at least one system peripheral, local system
memory, and a local display controller, including local display

memory.

7. The reconfigurable processing system as claimed in claim 1,
wherein said at least one secondary processing system includes an
identification selection (lIDSEL) signal line connected to a PCI
address and data line in the range AD on said secondary processing
system PCI bus wherein said IDSEL line is temporarily disabled to hide
said at least one secondary processing system component from primary

processing system.

B. A processing system with memory reservation device, said
system comprising:
a primary processing system including:
2 primary peripheral bus, said primary peripheral bus having
o predetermined bus structure; and
a Basic Input/Output operating System (BIOS), for at least

allocating system memory to recognized devices interfaced to said
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primary peripheral bus;

17 AoR jomp

at least one secondary processing system including:

a secondary peripheral bus, said secondary peripheral bus
having the same predetermined bus structure as said primary peripheral
bus and serving as a local bus to said secondary processing system,
and for interfacing at least one secondary processing system
peripheral device with said primary processing system via a peripheral
bus coupler and said primary peripheral bus; and

a surrogate peripheral device, said surrogate peripheral
device having no significant peripheral device functionality and
including a class code register containing a peripheral bus class code

of a standard peripheral device; and

a peripherdl bus coupler, coupled to said primary processing
system and to said at least one secondary processing system, said
peripheral bus coupler including said system allocatable memory to be

allocated by said BIOS.,

9. The system of claim 8 wherein said peripheral bus class code
of a standard peripheral device includes an Ethernet device class

code.

10. The system of claim 8 wherein said primary and secondary

peripheral buses include PCI buses.

11. A method of coupling a processing subsystem to a host

Processing system, said method comprising:
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bus, said surrogate peripheral device having no significant peripheral
device functionality and including a PCI Bus class code register
containing a peripheral bus class code of a slandard peripheral device
and at least one PCI bus base address register;

allocating system memory to said processing subsystem based on
said at least one PCI bus base address register of said surrogate
peripheral device;

determining an address range of said system memory allocated to

said surrogate peripheral device; and

dividing and allocating said address range to processing elements

on said processing subsystem,

12, The method of claim 11 wherein said host peripheral bus is a
PCI bus, wherein said processing subsystem is connected to said PCI
bus in such a way as to be hidden trom said host processing system,

and wherein said system memory is allocated on a PCI bus bridge.

13, A reconfigurable processing system, which allows for the
implementation of a variety of system configurations yith minor
hardware and software modifications, said system comprising:

a primary processing system including & primary peripheral
component interconnect (PCI) bus; and

at least one secondary processing system implemented as a PCI bus

add-in extension board including a secondary PCI bus and a peripheral
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system CPU with said secondary PCI bus, at least one system
peripheral, Jlocal system memory, and a local display controller,

including local display memory.

14. The reconfigurable processing system of claim 13 wherein
said secondary processing system further comprises means for hiding at
least one secondary processing system component from said primary

processing system.

15. A reconfigurable processing system, which allows for the
implementation of a variety of system configurations with minor
hardware and software modifications, said system comprising:

a primary processing system including a primary peripheral
component interconnect (PCI) bus; and

at least one secondary processing system implemented as a PCI bus
add-in extension board including a secondary PCI bus and a peripheral
bus coupler for interfacing said secondary PCI bus to said primary PCI
bus, said at least one secondary processing system further including a
daughter card attached and electrically connected to said PCI add-in
extension board using a PCI bus compatible connector, wherein said
Secondary processing system includes a vision processing system

comprising:
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embedded vision system CPU, a host bus bridge for interfacing said
vision system CPU with said secondary PCI bus, system memory, at least
one system peripheral, a display controller including display memory

for. interfacing a local display to said secondary PCI bus.

1€6. The reconfigurable processing system of claim 15 wherein
said secondary processing system further comprises means for hiding at

least one secondary processing system component from said primary

processing system.
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