| NDUSTRI AL CONTRCOLLER | NTERFACE FOR PLUG I N | /0 MODULES BACKGROUND [ 0001]
The invention relates generally to the field of industrial automation and
control systems, such as those used in industrial and commrercial settings.
More particularly, enbodinents of the present invention relate to
industrial controller drivers designed to interface with different types
of plug-in I/0 nodules. [0002] Industrial controllers are special purpose
conputers used for controlling factory automation and the |ike. Under the
direction of stored prograns, a processor of the industrial controller

exam nes a series of NmWRIMefdCERTROLIHRESIERISCOf a control |l ed process

and changes out puts af f eckpropqentinglo afobhergontrol l.ed process. The
stored control prograns can be continuously executed in a series of

execution cycles, executed periodically, or executed based on events.
[ 0003] Theckomrudisnpecei ved by the industrial controller fromthe
controll ed process and the outputs transmtted by the industrial

controller to the controlled praocess aregfqémglly passed. t hr qugh gne or
mor e i ngdPYIduthsunventipoyelas gprssalivng n ficld gleingustsl aufamatiop @at PRTYr f ace

bet ween spgglgg,%fcﬁ% :tﬁéseatﬁgd i e duoRhs id e&nﬁ@%ﬁémng@ezﬁom@gmggﬂy,out put s

are reco inan |I/Odata table in nmenory. Input val ues may
asynchr cmdhwdinenteafithe rpesenthisversionrrolalecly ipdertaal sonyollpp deivers idggignag tocui try.

Qut put val ues are witten di tl the 1/ O data table by the processor
and theﬁn%gﬁ%ﬁ%F%gﬁﬁﬂI%%mg%%ﬁﬁg%yﬁgﬁﬁggu%Fbcess by the specialized

comuni cations circuitry. [0004] Sone industrial controllers nmay provide
f or conre@dld] dndistrizhddntrilersabre |sp&iaigauposs coswuiersase fergeontroliih® fadoyl es, to

add i nput and. out put functionpality. to. the. controller. For exa ,. addi ng
20 1) O AT RAP A G HOM ool i dion A PRIETEES PP F Rt e
speci fi GnéusReal Qon@Oit: I HamBibid | D BEH -omeEﬁﬂ@%ﬂe&ihg thé Wgtdsnodl 4 Qofilelddes may
provide different functionalities, such as added anal og i nputs and/or

out put s, Prefegs ed changgs outmty sffecting panso! eletseroatralied proRessol Thn e
oni t or 'c%gtrolaﬁ}ggr\éﬂxlstcglgge E%Hu%sl?@%cﬂfedr{? 31 A& H%xecution cycles, executed

periodically, or executed based on events. :

[0003] The inputs received by the industrial controller from the. controlled process and
the outputs transmitted by the industrial controller to the controlled process are normally.
passed through one or more hpuﬂoumut (I70) modules, which serve as an electrical
interface between the controller and the controlled process. The inputs and outputs are
recorded in.an /O data table in memory. Input values may be asynchronously read from
the controlled process by specialized circuitry. Output values are written directly to the
/O data ta‘t;le’by the processor and then communicated to the controlled process by the

specialized communications circuitry.

[0004] Some industrial controllers may provide for connection of additional I/O modules,
such as plug-in /O modules, to add input and output functionality to the controller. For
example, adding an /O module may allow the industrial controller to interface with a
specific type of control equipment. Further, the phig—in VO modules may provide
different functionalities, such as-added analog inputs and/or outputs, digital inputs and/or

outputs, temperature control and/or monitoring, and voltage control and/or monitoring,
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anong ot hers. Accordingly, the plug-in 1I/O nodul es can have different
hardware structures that may require customdrivers and ot her custom
software to allow their use with the industrial controller. For exanple,
the plug-in 1/0 nodul es may have different types and/or nunbers of .inputs
and outputs. Providing customdrivers typically requires on-site firmare
upgrades and testing. It is now recognized that this adds conplexity,
cost, and devel opnent tinme. Further, providing customsoftware can involve
t he use of extensive software libraries, which may result in slower 1/0
scanni ng i per,at.i I hdu [ I 4ieiBBhERLRESER PTI ON
[ 0005] T%rg(ljﬁpgrgglg%t rﬁ%&%rﬁﬁg% %?gg\}{ll%gls@? @ggﬁg%{%?ggghdlto ctgﬁnecti ng and
usi ng pl stgciunesl th@ mapdregeise wirdidm aimivirsdnd tothea lcustan tsofyivhrertp alaehhasug

control /npnitoring.device for. controlling or nitoring an in trial
process. Wit ﬂt?a‘t“fhilsg‘?ﬁqé“rf’{mﬁ]r‘?é' EP%E’@H‘EP??’ ﬁf%ﬁlpg—gh 'r%??‘ﬁgéssl%% ?‘}r?tfgﬁ%ggtle, such
as a CoOMypes shdiotHirmbbi@lof Fapft@NdrdoduiFRei Pk idig deiicaivehalypRaddl@sires

connection of the control/nmonitoring device to different types of plug-in
modul es. onFkite fimpeare aperaiiescanddestinge v ianovraeqeanizechifiat i adls complaty,

|l ement el hBBHAANHIR! FARLE prdidifl bhdidn sBYAR caR AoNR! e uidigt _enabl e
the cont For/mont Lor ng deVice to gperat I'n conjunction wth different

t ypes of expénsiyeisnfrivai® liveatieh,eshifid 60§ fresatt G sidivagl/'© ocamingaduning wherdiiorent s, the
i nt erfac&l i ncl ud{es geﬁup mechani sms that enable initial conmunications
bet ween YREDFUG WD modul es and the control /nonitoring device. For
exanpl e, the setup nechani sms may detect connection of a plug-in |/0O
nodul e, request identification data froma connected plug-in 1/0 nodul e,
write noBBIE PERERPUHEN on data to a connected plug-in 1/0 nodul e, and
retrieve /0 data and feature data froma connected |/O nodul e. The
interf ?Cﬁ)oﬂ‘é]so ﬂ?c\/prbééﬁﬂ iﬁ%tﬁﬁ%E@i&&%%ov@%?%bﬁf&ohﬁ&ﬁnﬁaﬂ‘d bdid@pigg-
comuni cati on between the plug-in 1/0 nodules and the control/nonitoring
devi ce diwr VAgmopdesawitoran dustaxiaeapireller echopier soneanompeng sicviss fomy

conmmuni cat erational . . . t o}/ .} OE | : ice
and a co?ﬁ?grg ﬁglg %rl Il]?gl-ﬁi%nr 111%?%? &Ig%ﬁgﬁ)}%%g%gy hgﬁjggﬁgfa'g’hﬂge ﬁ%ﬁggéﬂe gtf)(ﬁﬁ\él in
/0 nodpioeideo ah nbterfideptudhpay atdoamaof diivee, font caltdoimohitainigndevievihge. The

interface further may include registers that store.data for the plug-in
/0 nodufiebles connectio%a/ otn the control, ontitormg evice 1o d&ferent types o% plug-n 9

modules. The interface includes several mechanisms, which can be implemented through
control Jogic, circuitry, and/or software, that enable the centrol/monitoring device to

operate in conjunction with different types of plug-in I/O modules.

j{0006]  According to certain embodiments, the interface includes setup mechanisms
that enable initial communications between the plug-in /O modules and the
control/monitoring device. For example, the setup mechanisms may detect connection of
a plug-in VO module, request identification data from a connected piug-in /O module,
write module configuration data to a connected plug-in /O module, and retrieve /O data
and feature data from a connected /O module. The interface also may inciude
operational mechanisms that facilitate communication between the plug-in /O modules
and the control/rﬁonitoring device during operaﬁon. For example, the operational
mechanisms may communicate operational mode data between the control/monitoring

device and a connected plug-in I/O module and may enable the connected plug-in /O



DRAW NGS [ 0007] These and ot her features, aspects, and advantages of the
present invention will becone better understood when the foll ow ng
detail ed description is read with reference to the acconpanyi ng draw ngs
in which |ike characters represent |ike parts throughout the draw ngs,
wherein: [0008] FIG 1 is a diagrammatical representation of an exenpl ary
control and nonitoring systemthat includes a control/nonitoring device
that is conpatible with different types of plug-in |I/0 nodules in
accordance with the present techni ques; 100091 FIG 2 is a block diagram

accor danteOdle EhTRRBP Ry et LBy Bao REns i) ARghefedl hhetm ol o

r epr eseninalude fegferathal ﬂ(ﬁzerdh&(fermépldge'ndﬁhmbmﬂémnl toring device of FIG 2
i n communication with a plug-in 1/0 nodule in accordance with the present
t echni ques; and [0011] FIG 4 is a table depicting an enbodi nent of

regi sterpaddipgses for the interface of FIG 3 in accordance with the
present techni ques. DETAI LED DESCRI PTI ON

j0007] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0008] FIG. 1 is a diagrammatical representation of an exemplary control and monitoring
system that includes a control/monitoring device that is compatible with different types of

plug-in I/0O modules in accordance with the present techniques;

[0009] FIG. 2 is a block diagram illustrating components of the control/momtormg

device of FIG. 1 in accordance with the present techniques;

[0010] FIG. 3 is a diagrammatical representation of an interface of the control/monitoring
device of FIG. 2 in communication with a plug-in VO module in accordance with the

present techniques; and

[0011] FIG. 4 is a table depicting an embodiment of register addresses for the interface of

FIG. 3 in accordance with the present techniques.

DETAILED DESCRIPTION

[6012] FIG. 1 is a diagrammatical representation of an exemplary control and monitoring
system 10 that employs a control/monitoring device 12 that includes a common interface
14 designed to support various types of plug-in I/O modulés 16. The plug-in /O modules
16 may be produced by the manufacturer of the control/monitoring device 12 or may be
prepared by third party providers. The control and monitoring system 10 includes a

process 18 that can be controlled and/or monitored by the control/monitoring device 12.



[0012] FIG 1 is a diagrammatical representation of ah exenpl ary control
and nonitoring system 10 that enploys a control/nonitoring device 12 that
i ncl udes a common interface 14 designed to support various types of -
plug-in 1 /0 nodules 16. The plug-in 1/0 nodul es 16 may be produced by the
manuf acturer of the control/nonitoring device 12 or nmay be prepared by
third party providers. The control and nonitoring system 10 includes a
process 18 that can be controlled and/or nonitored by the
control/nonitoring device 12. The process 18 nmay take many fornms and may
i nclude devices far acconplishin ny different var i ur es. For
exanpl e, E{F%Bmﬁ?sc%cl gsnslayn%ggglgn n% ??Hsrg’ agﬁ(%a IP(élg s%gg‘;sl%egg ‘lgroar?,g&lgﬁﬁsgﬁ” IBe' I nery, a
bat ch opéiffatenoand eariciBjirpgsck 0dthridxaimple, ehenprobaninzgdeoagsBeatal sonpressor and so
Componentiions L Hi SAETFo aHHRE BTORE 1oV ATEE (000 P bFecr g erarabe

el ement sjn I8 %Hrf%rtﬁ.en@&()ﬁﬁn%w,r the PRidekadg QhayROMEAGt WhieRDor BFRSRMAI NY,
and/ or material handling applicati'ons, anong others. According to certain
enbodi meeareponehte Wehtas slectirdmetorsomnivesr ddiias, Emeerpiube slsmen's, prassulse
e Sl D6 HRF O RO Bl BRI S 2R Sy Bl BTG 20
dat a tr amsader othdibe Avebndiickis deﬁainrmmbﬁdtméﬂué tiexaimanyanddor Idatimrimg odiclcor dance
with a predefinped profocol, and ma rovi.de power for operation of

et vor KEBOER RS Do OTHHER HOPY of FEHHH G08 TS dghgrirgae bt r o
and noni fnafdR%eRAEdRERRsk iy bLaHbIBLd Gudhl RARN TR, kA BiBR ddt PMGRer.
autonmati on and/ or observation. For exanple, the illustrated process 18

i ncl udesThergwedks zan pernitibe gachonge obdata Heacserdamesvitna predefined | nrefeceny
nunber o i . V] i r i regardi ng process -

condi ti O%%dﬂﬁﬂhérgg@?gg\?%rﬁgré@er@gﬁ dlfg%“b eéaaér@ér?gsﬂber of devices adapted to
perform a mechanical action in response to an input signal. [0014] As

i 11 ustral08#3] Kurthes ethe qarece@0 18 miay wemausasowird @@ memtoning copwipmrene dei on wi t h

t he control ni:toring.device 12 to control, and/ or_.nonitor equi nt
it hs mieu TR pees AR B RRoRA S d Gl I SHANIR o,
can be ufliubtrai€TprobdshilB ifiladeR SendoeoRBatdh@tuatdre 200 Mht eérdrsAIckaaandingd | ed by

the control/mnitoring device 12 and/ ?r b%( a nonjtoring station 24.
Accor di N TBIIEF e hdeyicEHBGRSHAPRvI{HEIGBANPICEHY N PARIERTFOPATINEY 1Rfc! ude

one or npieREhSs BRIncRRTRHY SlmbeNEY Qvids PRS0 LRAbE A3 Barficd! $8for © Vi ew
the status of the control/nmonitoring device 12, 'program certaln conponents

of the conmtspohdertoriinui signadevi ce 12, and/ or adj ust operating paraneters of
the process 18 and/or the control/nonitoring device 12. For exanple, the

o) AT AT Bl BT T O 19,
sensor s B0 copedintindnring ot enconfrol drel/@cbendibo equi@fcnt amthirs thefpoodebs
18. For example, the sensors 20 and the actuators 22 can be utilized within process loops
that are monitored and controlled by the control/monitoring device 12 and/or by a
monitoring station 24. According to certain embodiments, the monitoring station 24 may
‘include one or more personal computers and/or displays that enable a user to view the
status of the control/monitoring device 12, program certain components of the
control/monitoring device 12, and/or adjust operating parameters of the process 18 and/or
the control/monitoring device 12. For example, the monitoring station 24 may display

output parameters such as operating parameters of the process 18, temperatures and

pressures sensed by the sensors 20, p'osition information of the actuators 22, and so forth.



Further, the nonitoring station 24 nmay be connected to a database 26 (for
exanpl e, over a network) that provides data for the plug-in 1/0 nodul es
16. In other enbodi nents, the database 26 nay be stored within the _
nonitoring station 24. [00151 In certain enbodinents, a process |oop may
be -acti vated based on process inputs (e.g., -input froma sensor 20) or by
di rect operator input received through the nonitoring station 24. The
sensors 20 and the actuators 22 can be assigned a particular address in
the control/nmonitoring device 12 that is accessible by the nonitoring
station R4, According. to rtai n [ , e

2t uat or &1t B R RA A R B R ETRY B SaRERE AP B BIGETC o
more of 4 hawptk)ghat prdvides dadUbete plgeialfid addtlos 16 elncahtrrentbordinmintytieng
device 12. The_plug-in 1/O npdules 16 .may transfer input and out put

signal s }Rﬁé%?f’p‘?“ b%ﬁ?ﬂ?ﬂ&ﬁ%ﬁf‘%ﬂ@ﬂﬁ“%éﬁ%‘%z and the controlled
process 18. [0016] According to certain enbodi nents, the

cont r ol / OS]t ArdeAdin dbo8ifneht:, ABYOCES 186 had be bietivatedbARD & protess Sipats as a
programuabl e | ogic control | er and/or an automation controller. The plug-in
| /0 noduegs ingnt depmn 2 sensoraft O bY §irest opensisy depuf Fesmiveh Breushtthomemiiingor i ng
devi ce 1g.in®4C AMRREHbLRDORRA 1% fualhs 11Ea MLRLEARS phfticuPhadXaMRkR, Lo add.
functionality to the control/nonitoring device 12, "additional plug-in I/0
nmodul es d@atroymohieoragdiedice Bd thasinapksiblohe theremiseng otasio? 04 orAcaodingt or s 22

are added to _control. the process , i tional ug-in I./0 nmodul.es 16 may
b added?t e SEBPSTE i FOnTR g Dot tis <SR oL Ratiete SRR onal
pl ug-in dodh@olmdnit@mglevice 1Phen eanaeabieost hoblug-ind 10 Aodaesigoiged®r t ai n
enbodi ments, the connectian ggrts 27 may_be dj sposed in expansions, slots

i

or bays Bf CONELERMIPBNE ABYIFT bf-i e PiNA-EVQInethirsnifymph épBde BPEoHect or
such as Bl {SIEBY bR ARREOHAE dedid 1B ROcibllePprodsE €8 poNndi ng
connect o(?lt%{? St glgBFug-l ﬁlel% %trm)dul es 6;6 1[ 0017] tThCe pl u%c?ri) n IS/ 0 nodul es 16
can enabl e the control/nonitoring device 12 to performa variety of

di f f er eni?01@inéciwfing Wreerta gmppdmeptieths| caglrolingnigripg deavies 12 g1ayd auincl ude

conmuni call QF | £S. C S i . ggﬁ%@g@g u 5

Devi cemﬁhﬁ%@gﬂg ﬁ%t Sg fhﬁ/v%t %@%Onﬁbg% ? (%‘l;%t or |lng gf\(l)?%g %@0@%10%

conmmuni camneolMrt h Thedplspriy 190 amdduids nét wor los. added ondomgerhavedefrbai the

enbodi ments, the plug-in 1/0. nodules 1 | nclude input nodul es that
Fooet ve SGRUPSTI P devooasion i ALY hb R R LT kS SReklent y

SWi t chesaddanfetioRRRS rt@w@n&sm&ﬁﬁnm%c@vic& he aaaRepl @eg-2NHOGhodulsi 1%t ance.
tenperature detectors), output nodules that use output &ggdal s to energize

rel ays omay be eddedt Fepewmple angnorevh pasets 20 & paluatpnsoe g gidad toggaiolas

not i on d I,k 1 I i §

posi 1 ortioP s el (h FOMEMIEE R AR AE R ForOb RGNS 111 s
16 may cdevicerit? hyetompirg HAE addidi o phurminoldO snginbes d 6us g dopnelewn peds 87. t he
process 18 and +5-volt DC.l qgic, signals used by the control./nonitoring
v oo 1hccopting g et eppdiain 5 St e it 2L 56 ey USPBTHIE of o t
si gnal s &@asbist sibts! &Obg)@vbmﬁe %ﬁﬁélﬂﬁ@iiﬁb@in?i @iviel 15ie8ahay finamidiagi t al
I/ O devices. [0018] As described further below with respect to FIG 2, the
pl ug-i n §oNDEYRyd S as) B ey g depals| Rk CANRG I HeEY BIMFAIHS ¢HREPVHTG o
conpati bl ]| et 1108 4. According to certain enbodi nents, the
comon iér?%]gr%g@ga%fiﬁﬁéd%ggdg%g 1(g)i'r nore drivers designed to control
operation of each of the different types of plug-in I/0 nodules 16 that
conpl y vildhltHe ploernd/( maeduiesctt semriable. thacedralimpitpring Kevied ol
interface 14 enabl 83 ft@% co rgl.é rp tr%g gi & '%%ld&fﬂ gt%%w’th t he
di fferenft O?Beasvagfe yp? ugl- Frﬁn{]% 1[rlmn(rir"ljl €5 WI&F%S’U equl ri ng Og ]?1 rlm/varye

upgr ade @tivdh cexindmsdavien ssabduies; esukh basaby . isolated RS232/RS485 module or a

DeviceNet module, that aliow the control/monitoring device 12 to communicate with

industry standard networks. According to certain embodiments, the plug-in /O modules
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[0019] FIG 2 is a block diagramillustrating an exanple of components of
the control/nmonitoring device 12. The control/nonitoring device 12

i ncludes a m croprocessor 28 that may read and wite to a nmenory 30. The
menory 30 hol ds prograns executed by the mcroprocessor 28 to provide
desired functions and al so vari abl es and data necessary for the execution
of those prograns. The control/nonitoring device 12 al so includes a
network interface 32 to provide for comruni cati on over the networks
descri bed above with respect to FIG 1. Further, the controUnpnitoring

device 12.incl. on r [ 1.{.0 & Lntegrated
into theﬁ%gﬁ?ﬁﬁﬁﬁ%%ﬁl %rPHgB%ggﬁg%%gg%ﬂ¥ﬁg:%%gggéggkfﬁﬁéE@%ﬁ%ﬁﬁg%yserves :
as an el embdrk,C atoximiter fehed etmb aempdretusontiisoly fapi ttiearinngouhexi eel/d2 and
conponents, of the process 18 and provides functionality simlar to the

pl ug- i n PR HPSTaige qsfiEﬁRE\‘i r Ou‘BHtemé’ 84 qs?d)uﬂiﬂ‘ﬂlfr%‘a £ Lg% gr at ed

into thewfRAtd o/ §BRRih&bisNGndBY itidircdBonal AN hodultdN sgh 8§ nidgioR SconfreimOVabl e
conponents’like the plug-in I/0 nodules 16.1/0 data can be transferred

bet ween mhdulenriydukiechn digechmmtion dsuicenand reecivg epypeersrssd ferdbankerMone or
more_dat g, DUSAS, i ferrd FUAGE /S Hh il 6 GORT BLEPBRIEDT AP BXE Sfaik2-
a y ed to the

100201 e'lnterface 0 I'S conmuni cat’i vel y coup
m cr opr ogigmd0nuseA8byt Hevdeghoft the moesoil 8 rand e dadla DL et S6nalfusddhler thet he

interface 14 can_be comunicatively coupled ta Lug-in 1/0 nmodul es 16
t hr ough $PRLEHMEREqTEg §‘.°eg\écg:tru§¥?{g¥°t‘%e %@tlrh? 8?%'@%@5@% wmﬁgr(’c"é hecti on
38 may bgiorataRhis $0&EitAN/S aBPNESbhd GecdivB iSiaCabndOMaE Gl PO detigesp! Ug-i N

/O nodule 16 to a corresponding port of the interface 14, such as the

ti t 27 (FIG 1). [0021] A dj t tai di pents, th
Connect | BA1BRAEGER e RS Sl LA ARGt - CoRR EGLE B FOOHFaLePha

I . e . . i f
TP o0 S SRS Faag th L a8 L o Sy s e o

‘ | 6 and the interface 14. For exanple,
si gnal s, toswgghingsnbadurass thedmanon wtedfacewl 4 insludehppe erahergtdrivestdesigugst , and

parity sjgnals, may. be.exch e ver. the L, - i ] ts, the
SPI may %Ogcc? fl{@ecpgﬁx r_18f £ a°§a°§% (glff%r 3{ gp?)su% Igflﬁ% maﬂoﬁ(g‘%’lﬁltsqg?f%%ggfg us.

Fur t her , with éheCoonigat in@nfad8 staidard Uuppasrtiingly, the Bnitidnobietfase bf embids dssi ng
capability. The connectjon _38 also ma rqvide for the supply o ower
from t heC@URYPEPIAHAS 4BIcF g 1B diactien pahype TGP i Rath @_0)1/ Sy

exanpl e, wifok Bubidl LARRATBMAde § SRANOE tdBrdBo@BY provide a 3.3 volt
and a 24 volt power supply to the plug-in nodule 16. "According to certain

enbodi nents, the plug-in nodules 16 rnal%/i be powered solely by the _

cont r ol / WORIITE. g Telewibdeska diagreen ritlystBYS i e FXePla. depripRRmENSoNe S uppl y.
[0022] * Ag, HSHG6ARS heaRRVRe Wb N rgﬁgeggnﬂ'cﬁ/nﬁn%o ihg Bdcd MAThaggesl4h can

i ncl ude one or nore~nechani snms 40 that allow t'lile control /nmonitoring device
12 to.i ntérémoessurt28 dhiaf fray endd typesitoto plugnony 30./ Ohodudnegy B6. holdie

mechani sms 40 may include control |ogi circuitry. And/or software.
Accor di N8 erFEl &b i%‘f@?ceﬁ?g ??eé%é’ﬁ‘?‘%‘??s d%eﬂg@n q’r?@‘? L?&gm% fe or
nore fir{aMabRs Bkd Y84 BeceafOfod tRGxbati6R bf Blobe SB@EIs IR Sontiolmorkedani sms 40
may be enbodi ed on_a non-transitory machine readabl e nedi um such as
device 12 also includes a network interface 32 to provide for commumnication over the
networks described above with respect to FIG. 1. Further, the control/monitoring device
12 includes one or more embedded /O modules 34 that are integrated into the
control/monitoring device 12. The embedded I/O module 34 serves as an electrical
interface between the control/monitoring device 12.and components of the process 18 and

provides functionality similar to the plug-in I/O modules 16. However, the embedded

VO module 34 is integrated into the control/monitoring device 12, rather than existing as



read only nenory, flash nmenory, a hard drive, or any other suitable
optical, magnetic, or solid-state conputer readable nedia, as well as a
conbi nati on thereof [0023] As described further below with respect to FIG’
3, the mechanisnms 40 may allow for the exchange of data between one or
nore plug-in I/O nodul es 16 and the control/nonitoring device 12. For
exanpl e, the nechanisns 40 may be designed to retrieve setup data, such as
t he nunber of inputs and outputs on the plug-in I/O nodule 16, the data
| ength used by the plug-in I/O nodule, and the type of the plug-in /0O
nodul e 1 o 0 580 e %ﬁg ta in
regi ster%mfgggg%o égl?‘%lt%gelrl acen’q% ? he ?rdeogﬁgglﬂssnsﬁ(té)lod g% R’iy e I?:I%‘m gned
to excham;are@ptﬁe atnbeddzld mmukmstm hmcrepratetssorc% dviee oot motte/dabni t or i ng
device 1 g 1e &at f the ﬁaa? ‘Jﬁ dule 16, anong others, '
during o ‘@P%§ uge OO PSR 6“’8 ice 12. The operational data
al so may be stored within the registers 42. According to certain
enbodi Meipg0] Tihe int@gicst B alsdZis mmm&aﬁdaya@tﬂpeﬂsmr thgi micediEocesdonrzgge
regi sters, and/or general purpose re%h(?Et s Further, in certain

6

embodi methreugh tﬂpf'eonmqaglqr'ﬁd%aé’usq%ééu@ Fraffeniice d4SP% Re EORBURGHS It
primary &ﬁ.@leﬁttg Pfufgllﬂ@d MR8 Rbugh AQ2dheckibF383 Aot ROERATAL i cal

representation ng comruni cation between the interface 14 and a
pl ug-in d:rhbbdmndm; éhqaqnnﬁd:ttdmifgma:ohe eﬁiﬂbl@hﬁfhby r@ngeiig epieidcekcapapitet ed in

modul o6 deleriEl BpTppfuTe BB Thad oF i BREREE L o MU o1 g

devi ce 120ﬂn6ctﬁth9m217mFﬂ.Cﬁ) 3; however, it should be understand that the
interface 14 operates in conjunction wth the other corrponents of the

control/ r|n device 12 s..di scussed abov res

[ 0025] T@Ebl‘g ngl?)ct‘?ﬁﬂllr}l @ng%d“inﬁ%tls’u coém%glﬁ’{]r%g “&‘é’ﬁ“&@‘g ﬁgfn gover ns
operati Oﬁm%a&%nﬁécugn iimedtd® tHBCath leGa s&mrmma@,ueamtammsm ol G 1,

t he control device 44n§¥enablet plug-in I/O nodule 16 to_control

i nput s fﬁlémf@?ﬁ?é%‘él% éﬁtébefa‘{?%mﬁ‘splﬁé'ﬂhgpu@f’@%l§ lézméfth% Heerfepdass 18.
Accordi ng.t %’%% 1?@889%%!@%% 2GRN, cﬂgvdefé%t StermRRY. £B RrifPTP! ex

pr ogr anma Ie vice or a m éroprocessor. The control
devi ce 4dgrds) ng bdescipngdl ¢@r ﬂee&PIs fracataimdgniiddirtents i SPImlﬁyhntlh@e @onmon

,interfac _14, er eby maki ng.the control deyice 44 an |n|/O

nodul e 1 h‘c{?l?aeg%af‘ﬁ ﬂé“ﬁ‘ﬁd@ﬁ%@ 11ﬁm¥1 ﬁonﬁcgmgggﬁ 3Is B ce 44

al so i nCh}Ndﬁ@ kIS &! & BlakBsih ahpaplley.i dge tcemeﬂi@fys ﬂts@fragq;raneas)rftw

i nstructions and/or data. Accor di n% to certal n enbodi nent s hé ri:egl sters
HOTERS

46 may i #EPlOY Rer dronpdiceconial wes devisesl2 ©iBe alje-Ir Bt Fiener al
purpose 5)%1&2& &l éertaﬂ'f: iAERE She %nn@ctﬁﬁm' rHQ}I dfn%@ld[% hey £@f1 arfiCERf GiiNg to

certain e ment s, registers 46 may esigned to store input and -
out put dpdwerfsopply éreqﬂug—ngmﬂdulh lﬁheﬁqwmtg cegainEivebogingapts, thel plag-todul e 16

non- val aFPTUeL T e PRy oro i S LB BB CRY A8 ot o (e

st orage égluﬂbabepﬁﬁkﬁBN&&Qpb}by the interface 14 to establish communication
between the interface 14 and the plug-in nodule 16. In certain

34 HowelBE21 AhORHEH BB dhE 101 br G &MaER ey 5 o8 %ﬁ%ea?riv' -

conponenfyofd It RSN Rl AN ¢ 4dntrol/monitoring device 12 to interface with -
different types of plug-in I/O modules 16. The mechanisms 40 may include control logic,
circuitry, and/or software. According to certain embodiments, the mechanisms 40 may
include one or more firmware drivers. According to certain embodiments, the

mechanisms 40 may be embodied on a non-transitory machine readable medium, such as



[ 0027] Comuni cati on between the interface 14 and the plug-in I/O nodul e
16 may begin upon power up of-the control/nonitoring device 12. As

descri bed above with respect to FIG 2, communi cation nmay occur through

t he connection 38. The nmechanisnms 40 may initiate conmunication with the
plug-in I /O nodul e 16, thereby allowing the plug-in I/O nodule 16 to
function as a slave device. The nechani sns 40 include setup nechani sns 50
t hat exchange setup data 52 with the plug-in I/O nodul e 16 and operati onal
control nechani sns 54 that exchange operational data 56 with the plug-in
170 modulegq by Jéﬁ?or?,eﬁa'éﬂ nfifloRy, 32haRN@id 6 AREIRE sGRMle Stfcal, RRghaR. ke stored
in designated registers 42 of"the interface 14. For exanple, each of the
mechani ssmdid4Queregmputirasasieblewiadie, anwelbps aprmebigaivondraeddd regi sters 42 that
store the data used by that nmechani sm 40. The nechani sns 40, the

m cropro 0 : , : = Iy | - veife y the
data st o@ggﬁvﬁ&% ﬁ%ﬁ&%ﬁﬁgﬁ% bse ?de%\? ﬁtggesﬁgg&g%ﬁg%cjt’ %ﬁ?ﬁaﬁgﬁg 42?1 The W0
cont r ol / foentht cexiciemgelenfi data 1Betwf028d dF| Bored pligsin cfS modulbd d6odnd the

representative registers 42 that may be_ designated to receive data for
i ndi vi dugi"t Elﬁ'élfﬁgf%&we éac Opfx e’r%i”&?% ERE RS 4@&8‘%’( i%f’i‘%%fg%eii‘ %’n
address gpghve .ts@tgll_ﬁ YataNicH Ak BeDPrumati /0P inpubieand atugpubborethigIpbyeih 1Y riduele
mechani sns 40. e data 52 and the data 56 may be stored within one or

more bi t 56.dhe wdhie lergih gset by 4be phie-inelfOgROdR, 0L it S ¢ e plug-& Povi ded
by way O&o&m@gﬁ,{eﬁgp léf?qudanﬁ% e a&@e@%&@ Rl Tidid BorephstirodNEr

enbodi nent's, cific register addresses and/or the nunber of register.
addr essethe émpifaydd. Ty meahanisephdsmgaphe fiestdned &) exxhatgeapetational gpas of

lug-in |/ dul es 16 .designed t.o interact,,w th. t i f - nd/ or
b ke YB s B SRRl RO 05 s ek AL BB AP "
to FIG Roddle M@duneng d@lkl ikt bpdratime b Sovhh8l/msnitopiak | devize 1l Ubkd n 1/ O

nmodul e 16 to retrieve identification data 60, UpOp{ power b’r@ of the,
cont r oUneifrationln gatg exjsoc may 2be AREy Hilthip ths E8IER A2enhSETHERLE, CFRE

dentifigabd fRedal @e QiBY% £l AhQithddied khGen! SoRBE 48RRI aABY: 1 nCl ude

identification inforndtion, such as the vendof identificafion nunber (e.g.
a nunber genles pinghest iegistss. t Rertiraniofczoain resrbodimentse theorug-&) /Ot medulesdifl e

~version nunper, .the nodul e serial nunb |l e type (e.g. whether
the pl ugg’iangﬁﬂéfﬁﬁ“ggi%sﬁpgo pﬂfngg]rrgtglé’%éfsl ﬂ’rlr%%‘g %Q%?Ma nul ti channel anal og
nodul e, anong ot hers) and/or the vendor specific product code for the

pl ug-i n J0ONPIdL 13eis hediagtamatickl lreprigtetativd ide@ttingncomaniracdtiombEB8vagaytha hen

store the identification d 60,i.n designated registers. 42 0 e

int erfac%‘“’f&’."e R6r andy RS naligé AR lgn £ Ugg, % ug'd%r*tﬁ? frﬁméig{el LQ "dat a 60
may be sign&eh W Hit. B, 1RinSrRES 19008 dnRite With ek naintbee bpREABMCS, the
i dentification data 60 may include high byte and | ow byte values, .If no

i dent i f | madulen 1@lather GBrits andy dheyimgeriach d 4 ditthe corteolmpniaging deXithe 14 At no

pl ug-in é}{o%n”&dgig % at g—t?kx%vgp YpLigdid Be .tlﬂlﬁeﬂéﬁg@ rtlﬁ%ce{ﬁen%nﬁerfe[cg 0330 ])gé%ﬂ?@ i the

identification as’been retrieve ule identification
mechani seorfdhctian wixtl uheothenddngnonents ofitheeohiaclinsmi®Angrdgvieet . iae discussed
configuration.formt dEL@ 64 fromthe plug-in 1/0O nodule 16. According to
certain G aiERPES 2 KK conf i guration format data 64 may be stored within
the storage 48. The configuration format data 64 may include data that

i denti fi p@2sjend plogmt /Ofmetatia l 61 sethday a tharddldeged #4 thaQpoveehs| aperbfion BOr

exanpl e, the configuration format data 64 nay i dﬁ tif tﬂé data | ength
enpl oyedthsyplygie 1P mpdpls 16 Farsgameless ShP‘r’{nd‘éﬁ(;i %éencﬁ%‘gf’ Wﬂ‘?,ﬁtrﬁg dat a
length nayLRethe plug-in /O module 16 to control inputs from sensors 20 and/or outputs to
actuators 22 of the process }8. According to certain embodiments, the control device 44
may be a complex programmable logic device (CPLD) and/or a microprocessor. The

control device 44 can be designed to meet standards that comply with the common ‘
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represented-by high byte and | ow byte val ues. Further, the configuration
format data 64 may i-nclude an offset nunber for identifying the starting
address for where configuration data should be stored with the plug-in 1/0
nodul e 16. According to certain enbodinents, the offset nunber may
represent the anmount of offset fromthe base address of the plug-in 1/0O
nodul e. After retrieving the configuration format data 64, the nodul e
configuration nechanism 62 nay store the configuration fornat data 64
within the registers 42. For exanple, as shown in FIG 4, the
configuratien, f.Qqr af a : Y, SkQaked oM thin, reql st ,16001D,
and 001E1.ntte[r%8% 11%’ %éebgoﬁﬁlgéc%%fﬁogﬁ?la?%% f%mc gntlﬂg rﬁqe%ﬁlnggsglgg&tg hle(_)O '
conf i gur edmyiaibfeovittethe datréac644t 0 retri eve nodul e configuration data 66 for
the plug-in I/0O nodule 16. According to certain enbodi nents, the nodul e

From ChelHBR T G oLaap ot 2o TaitdeEy EaeS ATR oBRP coBihibsiitadton °°

mechani sgRef2forBiyst@OmaHd Hn@ Ak elad. t Acédidingite capineebsdimeaR, thehbgibterseds t hen
request the nmodul e configuration data 66 through the network interface 32,
as shownmgy inglege one o IBYE RAAEST B HaEnIsSHiCRe SERTa EPHB AP ¥ Png

station %cé}lfﬁﬁ}ﬁtd’rgtoqaﬂ‘ﬁbﬁﬂngoﬁrﬂféwog Aetfrhgb k@bdrah datifsni RMebiiRrdat abase

26. Furt , I n certain enmpodinments, the nodul e configuration mechani sm 62
al so nay4e seytirelssigeat o stomt inpwt ahelt cutB0 dat fopintpradiing Wish fhydpiogess 18.

configuration da 66, . T dul nf | i : L;

oper at i oﬂgff &ﬁg'ﬁ%#@trg?dsm? E(’:Fur}&‘ﬁgm%uﬁgs- Sltgr)fggreirj% Iseaﬁa%aaglﬁﬁﬁ) dﬁg‘ér%ﬂ%ébﬁgsuch as

t he curr githoptbptle dieugl oBdi OFot ampdd, dagenayoistestamd vjthit therssarade0t832] The
nodul e configuration nmechanj sm 62 may store sone or all aof t nodul e

Conf | gur 61 64 heatsel B NG TERTSR Koo P UL RET Dot bEoiesy ed ST et 5, ¢ he
modul e conf i@ Wik in0RodBE 18N 15 MBef2in Ebol fforkd) ehCaNabIUB Rhdyokt fnRlofRdd data 64
to define one or nore registers 42 that should store the configuration

dat a 66. within thx aerptod devibe 4 dawsvero it Pier erpbogimenis figstereee 28 may sk t he

of fset nunber receiv as [ fi.l. onfiguration format data 64 to
assign r%eé’fﬂsa%eecroglpﬂﬂerﬁgrg %E%ﬂﬁt‘%pqgte{g?%;%he configuration data 66. The

modul e configuration mechanism 62 also may wite the nodul e configuration
dat a 66 [(#2VhE€omonhicadondeativeen dut diterfahe 18] ang-the plug@nndduneduls .16 They cont r ol

device 44 nmay then store_.the nodul e confiquration data 6 i.t hin t.he
regi st erge%?ﬁpﬁéﬁ’??"%rv%’ of ke \‘K?riﬁfqlf) ngpring, e%edg'e @So%?‘slcﬂﬁer AP1%0R 4t a 66

may OCCUfes%rHéﬁﬁopPI@r2,UQ091indn}itﬁlti6@nﬁléjD|dcﬂi&ﬂiﬂ&r@ﬁg'mgh@emhﬁ&tidtﬁ #d Tey be
particularly useful when the plug-in I/0 module 16 I&ges n%t égngl ugle its
own powemeshasisnys 40smen inisiate eppmprigationnyith deyplyele L el HetBiRPXat a

when the,conhs ald ARk PO RBdAEVEGE fitciibR 2P QWRIVE UeBOMN The mechanisms 40
include setup mechanisms 50 that exchange setup data 52 with the plug-in I/O module 16
and operational control mechanisms 54 that exchange operational data 56 with the plug-
in /O module 16. The setup data 52 and the operational data 56 can be stored in
designated registers 42 of the interface 14. For example, each of the mechanisms 40 may
interact with one or more designated registers 42 that ‘store the data used by that
mechanism 40. The mechanisms 40, the microprocessor 28 (FIG. 2), and the piug-in /O |
module 16 may employ the data stored within the registers 42 to conduct operations of

the control/monitoring device 12.

~ [0028] FIG. 4 depicts a table of representative registers 42 that may be designated to

receive data for individual mechanisms 40. Each of the registers is identified by an

9



loon] The interface 14 may then determ ne input/output (1/0) information-:
for the plug-in 1/0 nodule 16 through a nodule I/0 nmechani sm 68. For
exanpl e, the nodule 1/0O nechanism 68 may request 1/0 format data 70 from
the plug-in I/0 nodule 16. According to certain enbodinents, the 1/0
format data 70 may be stored wthin the storage 48. The 1/0 format data 70
may represent the |/0Oconfiguration of the plug-in I/O nodule 16. For
exanpl e, the 110 format data 70 nay identify the nunber of inputs and/or

t he nunmber of outputs included in the plug-in I/0 nodule 16. 100341The 1/0O

format dgffeel On@lioRs MR a8 DI, 0 8aa !B b IY AUIIES e OIhAGE AURR! T OF

the input registers and out put regql _exanpl e, the offset
nunber naaga fHantthé gath he nak freatoréd withih lvae bamereddid nEts redistedad2plAagrdayn |/ 0

nodul e 16 of wher e i.nput .data and/ar the out put, data.shoul e stored
Wi o o 04 1 i SedRn R b B SRR 18 T
retrievelhifg NRUSHEERbIHRBAENEe tshaSdTdpidtdieadatts iy tandak ahd Quinbe of

appropriate registers 46 of the plug-in 1/0nodule 16. The nodule /0
nmechani siegsBr ﬁg%leqstﬁemn@@lﬁdén@h wary depngingean faston. sushe the Bipesd plugginst er s

i ini n oo apafes 1856RaRYG il gy e A s 14l e SR CLIRNCRR, T0or o

nmechani seon@8l/mayitarse detiee 120 format data 70 to define input and out put
registers 42 of the interface 14. For exanple, the nodule I/QO nechani sm 68

may defi resses the reqist.ers-48. usj . tar ress offsets
stored mﬁ@ﬁﬁﬂgaﬁaFﬁég3§Gogf§n§%%bdgﬁéﬁfouﬁé?$%35$§5?§?%¢@ghgggﬁgfﬁl .
corr espond m&iutd s toagiristeldendeagion day &d upyn pineerapnifrtind calerol/menidering 0035]
The interface 14 alsQ includes a nmpdul e fea ungcnec ani sm 72 that requests

feature SRYI% 124 AFOFIRRE FATIRP PHPAIGENEINF MenBlicaHgp daR A0 ey be §9 %% at ur e
data 74 Wmﬁ& is%?ag(aed?&t W E oy MRt uad SdehBfitAide dnlofniihe, Rhdidad thel Rdérodul e
e

16, such as er user
identification number (e.g. a number that identifies the manufacturer of the module}), the
module version number, the module serial number, the module type (e.g. whether the
plug-in module 16 is a discrete /O module or a multichannel analog medule, among
others) and/or the vendor specific product code for the plug-in /O module 16, The
module identification mechanism 58 may then store the identification daya 60 in
designated registers 42 of the interface 14. For example, as shown in FIG. 4, the
identification data 60 may be stored within registers OOOO to 0009. In certain
embodiments, the fdentiﬁcation data 60 may include high byie and low byte values. Ifno

identification data 60 is received, the interface 14 may assume that no plug-in I/O module

16 is coupled to the interface 14.

[0030] After the identification data 60 has been retrieved by the moduie identification
| mechanism 5-8, a.module configuration mechanism 62 may retrieve configuration fonnat
data 64 from the plug-in O module 16. According to certain embodiments, the
configuration format data 64 may be stored within the storage 48. The configuration
format data 64 may include data that identifies the format of data used by the plug-in /O
module 16. For example, the configuration format data 64 may identify the data length
employed by the j)lug-in /O module 16. In certain embodiments, the data length may be

10



interrupt functionality exists, whether an input |atch nechani sm exists,
and/ or whet her an output apply nechani sm exi sts. Wien user interrupt
functionality is included within the plug-in I/0 nodule 16, a user may be
able to programthe plug-in I/0 nodule 16 to interrupt the
control/nmonitoring device 12 when a specific input event (e.g. a sensed
val ue of tenperature, voltage, etc. received through a sensor 20) occurs.
| f a user has programred a user interrupt event, the feature data 74 may

i ncl ude data descri bi ng the i nput event, and the interface 14 may wite
data to a regis ert a user. Lo UPL ey n

pr ogr anmme ]fes dt g&iv ngr‘%azli’%% ?ﬁﬁher \%rc|0‘i\!fl?egutr %lé)%;% agr%gtggﬁt ato 74
regi st erm@@ ﬂ:ﬁlﬂs aﬁ hﬁfm nUﬁleﬂ for 1c¥bnt1ﬂyhg the puaﬁlngaﬁmhsmﬁhzam&nn@gﬁﬂaﬂdﬁe_ out put

apply mechani sm. npy be desj dt ens a integrity. for conmuni cation
of two b{A% S&%‘t‘lgng?los*%g i ﬁ‘ﬁl Blygdnt gﬁlteoﬁ?ze g I put s of
the pl ugemﬁbdhﬂl&mﬂelﬁfsé@nu&[@&%¥ F&%egéﬁﬂ%eem&]e@{t%feoﬁ&@mm Bdsemay then

store the feature data 74 with he registers 42. For exa t he nodul e

f eat ur e adidress Pathawjuehie 149 moeidle\MAfltﬂr metrle‘gng thercopgmratien fgroinla an64l;th@ 4.
A di t t OO0F
Fepr esentolls PRI TRAAINT G2 el spEAR kofigfadly Ry (B0 88 SlpTEF

one bit tmyeditersig2dFooedanmic at ehomhﬂhhﬁﬁ # hibe vefTguiatioe fonspat dﬁtalmtmaynal ity
exi sts, while another, bit ﬂgy@% us 61 0 indicate whether an input |atch
mechani sPh YXPS T ’é‘rfagI%’ESOQ t be used to indicate whether an
out put apply nechani sm exists. 100371 The nodul e feature nmechanism 72 al so

may stor moslgtﬁlevmbdm@ cGHTdudtidn MR@hstish $24day sl thdlicoiRiripw fBada dafaoul d be
comuni cat ed based on the features that are present wthin the plug-in 1/0

modul e 18t tovitier higogye capfigirrgiondgtacitetos theylygnin I arpdaler KoatAscardiigctiiani sm 72
may | denéehfaﬁ ééﬁtﬁ}dﬂﬁé i, e ifn%a&} rc%ﬁﬁ%ﬁfﬁo‘%%@é sfYst B%( E&H&Mtﬁﬁ nfidbR 74 are
present wt n the ugln . For exanple, as shown 1n FIG
4, wri t|¢ngﬁg|h13tuﬁreajtatar 66 dinera fh& monitapies stetior0G4A hay emdpk:atﬂ@ tihdtilei nput

Iatchlngsoul | o Simlarl tother 001B may
| cat ST et LTI My b e B s Hist e ek o FhERSE ment 2,
if no fe@éweqmaﬁﬁ mduleSconfiklitaiion §0a bheseughallt Srabek mteﬁ@@eesz ggi®ker s may
be i gnor, ed £0038 The nodul e | dentification mechani sm 50, the nodul e

conf i gurBHIEn2 mAEFHARNE A 6211k HEOMBRENE e BORKIE AN MAHFIENS Neodul e
feature Hg&h@&rﬁ?ﬂa%oﬁrﬁ&a%%o% BicHalBldeBBE QUshy, W dRa@NentRARLAES gRr 1 n
various -orders t0 obtain the setup data 52. Once the setup nechani sns 50
have conpbétiedonitpuraion upechrusese, alschmay e teddentifigatgemddtaép [te reitieve
operatio of I/ ule 1 n r t QL t.he
process ﬁ“&f %ﬁ@'&ﬂqnnfﬁ%g&e&? atﬁlgn&(’?ﬁ% C%%g& %%le%/i% 6mrye§éef|i ve input
data 76 6ﬁeﬁ1ﬁnh&1q>aadm@em nhat 1th® pmgciulrﬁocﬂ.ﬁe A6 Ghody epipbos, dechoast thatcugahta 78 to
the plug-in 1/0 rcrl:‘)dule 16. Thg Eﬂ ata 76 may be received by the
control YHRHtYelapdier ha Tligee Bode HRANSNERe sensors 20, and may be provi ded
to the interface 14 for use by the control/nonitoring device 12. The

out put  dRbaR] EheBYdRE chiBRsSAdnt igekhkRisihhe hia esfd‘rae@méfbr hy dffiBe module

m croprocessor 28 for transm ssion to the plu |/Q nodule 16 where the
out put mﬁmﬂ%ﬁatwﬁawheyew Bgistgie 4dontt 6¢ %\ﬁr@edw% the madgie

out put s u 7 d the
out put dca?l Hgggﬁtﬁn]a@l%l&ﬂis or egga’ Pﬁlsigﬁ% ?&ﬁlﬁ o éénef(ﬁﬁt H?ﬂ%%% tgﬁéﬁ?en&ue?&and

out put rregiest@sters4? tief shoeld doyre tiveconfigutasion A8tarGéc Hanicsampis, tlhasrmdubn t he

of fset nunhers.received fr the plug-in.l/0 modul e 16 as art of, the I/0
or mat A ACuonT raeeBEHeT by b ¢ 1 S QMRS iy ad oy BBV okt dat & 76
and the QufipubticlafRmaBdit® G20t £s8kn trB@stpisopeths: dduldsottehe robbﬁ@mmve with
respect to FIG 1. [0039]During operation of the control/nonitor| ng devi ce

12, operd#a $hal Beniraghle configuration mechanism 62 also may write the module
configuration data 66 to the control device 44 of the plug-in IO module 16. The control
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mechani sns 54 nmay facilitate the exchange of operational data 56 between
the plug-in I/0 nodule 16 and the interface 14. For exanple, 'the
operational control mechani sms 54 nay enabl e the control/nonitoring device
12 and the plug-in 1/0 nodule to know the operational nodes of each other.
According to certain enbodi ments, the interface 14 may continuously wite
and/ or request the operational data 56 to and/or fromthe control device
44 of the plug-in 1/0O nodul e 16. [0040] The interface 14 includes a
controll er node nechani sm 80 that nay be enpl oyed to communi cate

cont r ol | g1 Jode 0t #5250 Aol GecnfelihBol ek & WnioTle £ORLEOUE T mode

data 82 may represen e operationa he contr nitoring
devi ce 1Retribwil ank amiphg of tHeemoduit cohfigarativodietad#t mayragcur ndore poeenpedther an

error has occyrred and if. s ether th reor-i.s, an operation error
or a fat®RF CERFYmOnRENg SﬁY‘F%ﬁ?éa\r{Yg%WeLW%ﬁﬁﬁF%%u%%n‘E{}&r L7, ?he
control | gbaiRde a6t Beiuke @t@rbme};omgé@bgn: Such s amdidFRythit RORIBetust 1@

controll er node data 82 to the control device 44. For exanple, as shown in

FIG 4, e dsnvhe! theconfdénonsierinn fenssd inRgveed f9E%e the control | er node
data 82 fromregister 000B. According to certain enbodinents, different

its w t@bgsc]tﬂfel %ﬁgéegidt fily RSt RintifhutdHE: gg?), ih e or WResiher an

error ha curred an type of error. Furt other bits within the
cont r ol | irl/@rogteluteetst Sireughnaynodeler 148 emachatism G8erfar icarraple nthg anerfulg HE

Pon-  un TBUET TGS T FEBRET U R aRinde didh bt B Ik BB S S .
and anot Redordihi torRyridie cufediniantd, @y @Sefirmat datn 700ey be stored within the -
storage 48. The /O format data 70 may represent the /O configuration of the plug-in /O
module 16. For example, the /O format data 70 may identify the number of inputs
and/or the number of outputs included in the plug-in /O module 16.

[0034] The /O format data 70 also may identify the starting address offset number for
the input registers and/or the output registers. For example, the offset number may
identify the offset from the base address of the plug-in /O module 16 of where the input
data and/or the output data should be stored within the registers 46. The offset mumber
may enable the interface 14 to retrieve the input data from and transmit the output data to
the appropriate registers 46 of the plug-in VO modulel 16. The module I/O mechanism 68

- may then store the /O format data 70 within the registers 42. For example, as shown in
FIG. 4, the /O format data 70 may be stored within registers 000C, 000D, 0018, and
0019. Further, the module /O mechanism 68 may use the I/O format data 70 to define
input and output registers 42 of the interface 14. For example, the module VO
mechanism 68 may define addresses of the registers 48 using the staring address offsets
stored within addresses 0018 and 0019 to define registers 42 that correspond to the
registers 46 employed by the control device 44.

[0635] The interface 14 also includes a module feature mechanism 72 that requests
feature data 74 from the plug-in YO module 16. For example, the featore data 74 may

efine features that are. included in the plug-in VO module 16, such as whether user
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[ 0041] Further, the controller node data 82 also may represent the power
status of the control/nonitoring device 12. For exanple, one bit within
the register 000B may represent that the power |level is acceptable, while
anot her bit may represent that a power failure has been triggered.
According to certain enbodi nents, the control device 44 may initiate a
data retention process upon receiving controller node data 82 that

i ndicates that a power failure has been triggered. For exanple, in certain
enbodi ments, the control device 44 may send data fromthe registers 46 to
the interf rdnA 2 upon
recei vi ng %ﬁﬁjli %l%lc&&{ah%é?{%sg%vh\é{h%g%} E’Pﬁaﬁg%& %elt?]tgt ri gég@é fLes 042]
The i nt ebﬁ@mmlmeahamlsmchassta Wiheh beer mﬁﬂu‘mmlﬁlmnohrﬂmy ssrmaddctd’rmithmulye be

enpl oyed rol, the operatio de of th d In
particul B g “E‘ W&Bf F%&n?ﬁﬂﬁlm%nt&an%ﬂoé%p?msh%ﬁgén% NE t% ?Ong dat a
86 tot hﬁltérﬂgk FheLESntAOmRhitdMe: BéWG: 1D Wiel TBsddifR ihputt &vel ARG 4 Bas@d ug-in
I /0 nmodul e in arun node or in a non-run node. According to certain
embodi neMilEe of FEDNSEIUT-cvAIBAL B TREEYeEiINEiRA sfRspr 2B} Peaiie r?eUﬁ%éiEﬁ e
setting f e F l; 8
t he nodul e conf;ed%%’grt"‘%grﬁllﬁ}g%vg% fiz i%reI'Eer‘lgdiav?aa(t 1%%?%&%2%%1%13 at a 86
f r om r eginptieevedQ ldhd ﬁeombﬂmmglét macfewnal datem)adlegietnt & mdnetaribet @p\:sclcessor
28 may wrlte;he dul e settlgrﬂwgta}:%to h re | sten, 0011 the
m cr opr oFEERE S5 (1Bp Ee ProRIUT g TP ERB 5 A4 T ¥ % ©16 in

ei ther t fb@tt&élﬂ'atﬁr&ﬂﬂt RiistdRBONOAs @.hmmnmﬂ(} 4[ Qtﬂéfﬁlpumechl mt@ehisendi4hd urt her

i ncludes an interrupt mechanjsm 88 that enables the plug-in |/O nodul e 16
to i nt er PUPE PP EEGhERISHIMENRC HHENCH 19 FRNIG H1 HECLES 1% é@@@unmé@% 8 ng to
certain %nf iffurd HR R btnd bRIRYE € 16
may geneﬁ%gﬂggﬁ?%ﬁ%ﬁg&%&%fht&iﬁmc tPans uts t he mterru%t “data 90 to

t he i nt embdgle 184 when an error occurs. According to certain enbodi nents,
the interrupt data 90 may be transmtted in response to the control devi ce
44 det ectq I i I f upt .

For oxan 028 BueHBaRGiibe HiEhln b6y Btn Ao cuBBREl Guldth e P -
be  progr sgiveds 4 Benresaple, nhnh&rduhp’emanegiaaﬂulbagsmlsmnd whithin repistes 06GTom t he

sensors 20 of the oce S Further, i.n certai t.ne control
devi ce n&yShyEmenaf ?‘ﬁ?‘g jngge Cé?ftﬁlﬂaqm@éii%ﬂ‘t%ﬁp %efa‘gotf“sd‘@?l?lﬂéag Bt er r upt
event thagormmyy i%relaérﬁmmq‘ed@&e@oﬂﬁ@Eiutghﬁmhodm@ﬁﬁ ER&ERh@plel B bit

nonitoring station 24. For exa e user defined interrupt si gnal may

exi st” whegy phasgst tggndipatg Mleﬂmmeélsmnreﬁ@puﬁp@@ﬂqmahwws nhile apether bit
function g?‘g d| ng to
certain ﬂln%%%lu?re@f\t %({?{aﬁégw}%ﬁcp%r#u é%}(élimggﬁ'ag %&ts @dce%gl\%) t%u n o e of the
regi sterBem%dbg/mﬂfmtelwhedmru@buﬂp&tﬁp@mmm}ﬁ&smlémstsexanpl e, as shown |n FIG
4, the interrupt data 90 may be witten to the regi ster 000A. According to

certain erent bit jthin thi ster used to
i denti fyﬁﬁg@dt%'@o‘i%}e ?%%”é? Wﬁ?anéﬁnbzgi\é\f,so'fr%aly Stéof%a tF h&heﬁrﬁer%gﬁgﬁ% nt er r upt
i's the resihdicarfhay U Patid ye ehasknikaiet Wassd an rnmadfbbar@p&haﬂ fuleCpreseher r upt ,
or a user configured interrupt. The .m croprqcessor rz?é{' FI C?gi,ufeu may t hen

read theWithinghe pHie-1g; ]é(ﬁdpoc%‘}l%r}r‘?t hWTiFipgte Cehtaim segiiiers FetSper at i on
of the coaliqidppm fng{z HJéQtIQPMh&ﬁer]tge FARREY BhReerkd Hoht %aﬂu@@ﬁ%'?ﬁ%ﬂé s, the

interface 14 may s the value of the interrupt régister 0O00A to zero
after thgresemt emthwriﬂle ohizain 36 hadulselén fros gdathplet dsshave inpKocesgdingdise [ 0045]

The, | ot epLageadd 724 0gkel 61 AYSS AolBEhG MRASARADALAT R ent ffea

peri odi ca
Similarly, writing to the register 001B may indicate that output latching should be

employed. - In certain embodiments, if no feature data 74 is written to these registers,

these registers may be ignored.
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polls the plug-in 110 nodule 16 for nodul e node data 94. The nodul e node
data 94 may represent the operational node of the plug-in I/O nodul e 16.
For exanple, the nodule node data 94 may indicate that the plug-in I1/0
nmodule is idle, running, has received an error, or is busy. The nodul e
node data 94 also may indicate whether the user interrupt functionality
has been enabl ed or disabled on the plug-in I/O nodule 16. Further, nodul e
node data 94 nmay include error data 96 that indicates specific errors that
have occurred within the plug-in 1/0 nodule 16. 100461 The nodul e node

mechani Sigodd) Y mb@IIE ELARNTRAMLAHONE HARRAAE BRI nbiintshie _Modul e

node dat to a designated register 42. For exanple, as shown in FIG 4,
t he moduéZ thooednie danieshanddn GRyandr tht enadule fraldtd meehstismdad may epetats

regi ster .0010. According to.certain enbodinents, .djff {4 s~ thin the
regi st ers"ﬁ'ﬁ%ﬁleﬁlé ¥ Es"étge‘wgﬁ’i}%‘af Porépes 8r(rj“ilterst ﬁé)%tr%nd{u esgtliol g%‘ tgﬁ% nal“ode,
t he user thi: RGP FePlanssht 30shavabsmplerdelid @tupcadess, tihaterfber bpeandedBate 28 may

use the nodul e node data 94 to control operation _of the contr nitoring
devi ce 19perdtipprofhéie PlF%TH’c}é@t‘%ﬂdt‘}}eelrﬁo@dﬁo%ﬁlt@fjﬁof menfgdhe Bfoﬁﬁiiggr{g}é[h;‘rﬁi sm 92

may trangflife beah! BF iféatRe 98 mtesdivd SpRadata ¥ frdhén keroRsRiuttat a 94,

t
to the nmonitoring station 24. The nonitoring station 24 may then display
an error | cademaepossie nutpui dasa 38 te the phyg-rl/@aroduigd 6orfhg 1efiug gptay 0aedessi bl e

by a use t her al | owi -he rt ddr @s Jn Vi | e
only cer}{’éafeﬁelf'%(gg ﬁ} esc%"?éo? %%‘hlcené%n ql%t}\nﬁlgsvgﬁ%e%n&l?ﬁ?ﬁé{sﬁ ghggn;% Sfescri bed
herein, poMcdaoht imaticons fande thangamirel/ mbniceingrdetioe i ho$he ekiplildath i n t he

art. It 1s, therefore, to be,qugri%%pd that the a ggqgegfclains re
i nt ended’% Ba¥ Py érangnitied e Bl if ¢ iﬁﬁgegﬁﬁm@ﬂﬁﬁﬁg aS” AT hI% t he
true spifito@finl 16 hOKEDYE Qhhere the output data 78 may be employed by the control
device 44 to control outputs, such as outputs to the actuators 22. The input data 76 and
the output data 78 may be stored in the interface 14 within the input and output registers
42 defined by the module /0 mechanism 68 based on the offset numbers received from
the plug-in YO module 16 as part of the /O format data 70. The control/monitoring
device 12 may use the input data 76 and the output data 78 to control the process 18§, as

described above with respect to FIG. 1.

[0039] buring operation of the control/monitoring device 12, operational control
mechanisms 54 may facilitate the exchange of operational data 56 between the piug—in-
I/O module 16 and the interface 14. For example, the operational control mechanisms 54
may eﬁable the control/monitoring device 12 and the plug-in VO module to know the
operatioﬁal modes of each other. According to certain embodiments, the interface 14
may continuously write and/or request the operational data 56 to and/or from the control

device 44 of the plug-in-1/O module 16.

[0040] The interface 14 includes a controller mode mechanism 80 that may be
employed to communicate controller mode data 82 to the plug-in /O module 16. The
controller mode data 82 may represent the operational mode of the control/monitoring

device 12. For example, the controller mode data may indicate whether an error has
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CLAIMS: 1. An industrial automation device, conprising: a port configured
to receive a plurality of different types of plug-in I/0 nodul es; an
interface for enabling comruni cati on between the industrial autonmation
device and the plurality of different types of plug-in I/0O nodul es,
wherein the interface conprises: one or nore setup nmechani sns
configured to detect connection of one of the plurality of different type
plug-in 1/0 nodules to the interface through the port, configured to wite
nodul e configuration data to the connected plug-in I/0 nodule, and

conf i gur?c%&fr%{i) ! ﬁ{l fif %&éﬁghét%rf HeBlordRt & 8pdaddal Ui& dakamld @Rl hengonnect ed

pl ug-in e one or nore operational mechani sns
confi gur esittbberexoiangehapen a( oyl remicie Hatanplisn mode daan®ctwt pieug-in
| /0 nodul e. . The indystrial.auto | device of .cl.aim 1. wherein
the one ISBIstREY & %‘é‘f AR r?gn%%l% f?%dga&g{a%dtﬁ | ?‘7“80%%1% 1?Etenliigé: o
conf i gur @@uniple, r:Rhe&H IhEIA./4) the contrlierf @od@imediRdnasnf BOMmbneetcionndnt ed
plug-in 1/0 nmodul e and configured to store the 1/0Q foE? t data,_i

1

desi gnat @il mederdstaot? frome reeer (008 ARRARIRG 1A CEr P @F?Fé’tﬁﬁ%rtg%t

SFUBY : rS] e?x}%w% uiﬁié: chntxlo'ﬁgﬂﬂrfﬁ)d@nt@gﬁi.:ep WHRB ma§ OptbRut Svieller tAC@NRACT ed

‘ occurred and the type of error. Further, other bits within the controller mode register may
represent the operational mode of the control/monitoring device 12. For example, one bit

" may be used for a non-run mode where the control/monitoring device is mot providing

output, and another bit may be used to represent a run mode,

[0041]  Further, the controller mode data 82 also may represent the power status of the
control/monitoring device 12. For example, one bit within the register 000B may
represeht that the power level is acceptable, while another bit may represeht that a power
failure has been triggered. According to certain embodiments, the control device 44 may
initiate a data retention process Lipon receiving controlier mode data 82 that indicates that
a poWer failure has been triggered. For example, in certain embodiments, the control
device 44 may send data from the registers 46 to the interface 14 for storage within the
control/monitoring device 12 upon receiving an indication that a power failure has been

triggered.

[00.4;2] The interface also includes a module control mechanism 84 that ma)-f be employed
to control the operational mode of the plug-in /O module 16. In particular, the module
control mechanism 84 may write module setting data 86 to the registers 46 of the plug-in
I/O moduie 16 to place the plug-in /O module 16 in a run mode or in a non-run mode.
According to certain embodiments, the module control mechanism 84 may retrieve the
module setting data 86 from the registers 42. For example, as shown in FIG. 4, the
module control mechanism 84 may refrieve the module setting data 86 from register

0011. According to certain embodiments, the microprocessor 28 may write the module



4. The industrial automation device of claim2, wherein the 1/0O data
conprises a first offset value determ native of a first address of the
connected plug-in 1/ 0 nodul e where input data is stored and a second

of fset val ue determ native of a second address of the connected plug-in
|/ O nodul e where out put data is stored. 5. The industrial automation
devi ce of any one of the previous clains, wherein the one or nore setup
mechani sms conpri se a nodul e feature nechani smconfigured to request the
feature data fromthe connected plug-in 1/0 nodule and to store the

feature &a}@ dafh SR tﬂ{ge{ggger@gp&h@ﬁ theThictdpfocktbEDS RO, YIEHE! @b filg feature

data conpri ses | nput ani smdata, output latch nechani'smdata, or
user i ntte plygtin lmodwen i int sithdatha nor madeorthé net juomadaer eof 5. The
i ndustrial automation device of any one of the previous clains, wherein

t he one e . P i J I chani sm
cont oo BRDIR AELER PRSRAN ARSI Ao hRES s AR LMt IoC AT
and confingi® esbdulz Feetbrihiexapt dyeraviod wlf éccanfrblfuoEtdring ddaica 1LorAckdrdingl ug- i n

| /0 nodul e based_on, the fornat t a. T i ndust.rial automation
devi ce of TP FBOdiTESeR o Ky 4 i pﬁwﬁﬂh wodi RGP

i nf or mat 40 Rt Libal GRRANRALRE: MleUSiript dafd 0P e imbHadRf fasRherd@t &ror
identifying a configuration data address of the connected plug-in 1/0

modul e. ~occurs. Accorieg forpseisiny srabodimensindhs Bieraey fefe 98rmainhe saemdted e
Pr evi OUS CLALTR OS] fhdSLRERhe TBIELARELALL MRE. HEFABINS YRAARNP! | se 2

control | er* nbde nechani Sm confl gured t e contro ata to
desi gnat drnuegi Birexsmpit, ddserdiny rdeagie carvddioents tharcedtrelaleyicadd midy Hehe

troll de data to th d plugzin 1/0 | e, wherei.n th
cont 0] Shulba R, 0 e SNEcL G ) il B LR BputShaER e

conbi nat j@fest PEr @iher, in certain embodiments, the control device may generate an interrupt
signal based on a user defined interrupt event that may be programmed by a user through,
for example, the monitoring station 24. For example, the user defined interrupt signal
may- exist when the plug-in YO module 16 includes the user interrupt functionality, as

stored within address 001C (FIG. 4).

[0044] According to certain embodiments, the interrupt data 90 may be placed within one
of the registers 42 by the interrupt mechanism 88. For example, as shown in FIG. 4, the
interrupt data 90 may be written to the register 000A. According to certain embodiments,
different bits within this register may be used to identify the type 6f interrupt signal, for
example, whether the interrupt is the result of a bus parity check failure, a module
specific interrupt, or a user configured interrupt. The microprocessor 28 (F1G. 2} may
then read the interrupt signal from the register 42 and may interrupt operation of the
control/moﬁitoring device 12. According to certain embodiments, the interface 14 may
set the value of the interrupt register 000A to zero after the interrupt data 90 has been

read by the microprocessor 28.

[0045] The interface 14 further includes a module mode mechanism 92 that periodically
polls the plug-in /O module 16 for module mode data 94. The module mode data 94

may represent the operational mode of the plug-in I/O module 16. For example, the
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8. The industrial automation device of any one of the previous clains,
wherein the one or nore operational mechanisnms conprise a nodule contro
mechani sm configured to set the connected plug-in I/0 nodule to a run node
and to a non-run node. 9. The industrial autonation device of any
one of the previous clains, wherein the one or nore operational nechanisns
conprise an interrupt mechani smconfigured to enabl e the connected plug-in
| /0O nmodule to interrupt operation of the industrial automation device.

10. The industrial automation device of claim9, wherein the interrupt

mechani spsiis RS d44 08 dnd0iddRee! ¥t ! Aus-#P1/0dabault rionik hanaRRNESY ed
plug-in 1/0 11. nodule and to store the interrupt data in designated
regi st er scoifed wreeiror or fsdey. The modple mypdeedaty 8t slspimay adicagayiedisr dvi ce of

any one of the previ ' ' [ eV i L L8l types
o1 70 i BB TRy Rpleen DGR R HIR U B bkl e o
modul e, Binthed Hbdild @bdadxiuPemay includekBror Thte 96 ekt silicams spagtionetorpthadevi ce

Connoct oRNEGRFTRBHTE UePTisnEr S TR 1Buer an AGynchr oneus par al el |

I nterface. '
[0046] The module mode mechanism 92 may retrieve the module mode data 94 and may
write the module mode data 94 to a designated register 42. For example, as shown in
FIG. 4, the module mode mechanism 92 may write the module mode data to the register
0010. According to ¢ertain embodiments, different bits within the register 0010 may be
employed to represent the module operational mode, the user interrupt stauis, and the
error codes. The microprocessor 28 may use the module mode data 94 to control
operation of the control/monitoring device 12. Further, in certain embodiments; the
module mode mechanism 92 may transmit the error data 96, which is part of the module
mode data 94, to the monitoring station 24. The monitoring station 24 may then display
an error code representative of the error data 96 on a display accessible by a user, thereby

ailowing the user to address the error.

[0047] While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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14. Non-transitory conputer-readabl e storage nedia conprising instructions
for: detecting connection of different types of plug-in I/O nodul es
to an industrial autonmation device; retrieving plug-in I/0O nodul e
configuration data for the different types of plug-in I/0 nodul es and
witing the plug-in I/0O nodule configuration data to the different type

- plug-in 1/0 nodul es; requesting a plug-in I/0 nodul e nunber of
inputs and a plug-in I/0 nodul e nunber of outputs fromthe different types
of plug-in 1/0 nodul es and storing the plug-in I/0 nodul e nunber of inputs
and the g} Waykn |/0 nodul e nunber of outputs in designated registers; and
requesting feature data fromthe different types of plug-in I/0 nodul es
and storing the feature data in additional designated registers, wherein
thehf eaturg dht a chnpdigdsl quipmation devire. ¢ARREHIE M data, output |atch
mechani sm dat .18 [ ] ' t e QrdiyRat i on

t her eof fpﬁrg?o#%eggﬁ%igcﬁeyég %%#@%%%%ﬂg?ﬁ?g%d%&lg ?’%?age rrur&g’di a of

cl ai m 13sndconprising instructions for retrieving identification data from

the different types o | ug-in | J : . . . .
an ihteriace for gna%%ng comllngmrggtgjo%l ftween the industrial automation device

and the plurality of different types of plug-in I/O modules, wherein the interface
comprises:

one or more setup mechanisms configured to detect connection of one of

the plurality of different type plug-in YO modules to the interface through the

port, configured to write module configuration data to the connected plug-in VO

. module, and configured to retrieve /O format data and feature data from the
connected plug-in I/O module; and

one or more operational mechanisms configured to exchange operational

mode data with the connected plug-in 'O module.

2. The industrial automation device of claim 1, wherein the one or more
setup mechanisms comprise a module I/O mechanism configured to request the 1O
format data from the connected plug-in /O moedule and configured to store the /O format
data in designated registers of the interface, wherein the 1/0 format data comprises a

number of inputs and a number of outputs for the connected plug-in /O module

3. The industrial automation device of claim 2, wherein the /O data
comprises a first offset value determinative of a first address of the connected-plug-in /O
module where input data is stored and a second offset value determinative of a second

address of the connected plug-in /O module where output data is stored.

4. The industrial automation device of any one of the previous claims,
wherein the one or more setup mechanisms comprise a module feature mechanism

configured to requést the feature data from the connected plug-in /O module and to store
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15. The non-transitory conputer-readable storage nedia of clains 13 or 14,
~conprising instructions for setting the different types of plug-in I/0
nodules to a run node and to a non-run node. 16. The non-transitory
conput er -r eadabl e storage nedia of any one of clainms 13-15, conprising
instructions for transmtting controller node data to the different types
of plug-in I/O nodul es, wherein the controller node data conprises error
data, run data, or power data, or a conbination thereof. 17. An
i.ndustrial automation control and nonitoring system conprising: an

i ndustrigl ﬁ%mﬁﬂaoﬂl deyd ?edc G FAtHe OinkRRkE OlvhaRY &e PRI QlatA

process; a plug-inT/0 ul e connected to the industrial autonation
devi ce thmqughsampbmﬂdbﬁwdh@wnndM@iwﬂmﬂlaWﬁdWE$WBﬁHdEVi@éuﬁﬁ§ﬂﬁﬁéﬂfto
receive differ es of,.nl.u 0 nodul es; and an interface of
the indu ??%{’IaF@Lﬂa %Or{niaga\l}lmgleth r%‘J?f/ enabl i ng comuni cation between the

i ndustri al autonatlon device and the plug-in I/0 nodule, wherein the

interface conprises nodul.e identification chani sm c nflgured to
det ect conne::?l on Tﬁe 5’148“8?1 f“l"?@mﬂ‘i“?q éif““é‘ﬁ? F AP s Ot Og%ﬁf:gpfeﬁ“qufoo HBdul es to

the integfaes thbbRUS IMERGeRP echiéhns comprise a module configuration mechanism
configured to request format data from the connected plug-in /O module and configured
to retrieve the module configuration data for the plug-in /O module based on the format
data.

6. . The industrial automation device of clatm 5, wherein the format data
comprises data length information for the connected plug-in I/O module and offset data

identifying a configuration data address of the connected plug-in /O module.

7. The industrial automation device of any one of the previous claims,
wherein the one or more operational mechanisms comprise a controller mode mechanism
configured to write controller mode data to designated registers of the interface and
configured to transmit the controller mode data to the connected plug-in VO module,
wherein the controller mode data comprises error data, run data, or power data, or a

combination thereof.

8. The industrial automation device of any one of the previous claims,
wherein the one or more operational mechanisms comprise a module control mechanism

configured to set the connected plug-in /O module to a run mode and to a non-run mode.

9. The industrial automation device of any one of the previous claims,
wherein the one or more operational mechanisms comprise an interrupt mechanism
configured to enable the conmected plug-in I/O module to interrupt operation of the

industrial automation device.
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a nmodul e 1/0 mechani smconfigured to request a nunber of inputs and a
nunber of  outputs fromthe plug-in I/O nodule and configured to store the
nunber of inputs and the nunber of outputs fromthe plug-in I/0 nodule in
designated regi sters of the interface. 18. The industrial .
automati on control and nonitoring systemof claim17, wherein the plug-in
| /O nodul e conprises a control device configured to control operation of
the plug-in I/0O nodul e, and wherein the control device conprises plug-in
/0 nodule registers configured to store input data and output data for
the plug-in 1/0 nodul e. 19. The industrial automation control and
nonitoring systemof claim 18, wherein the interface is _configured to

store the inpt dakths indgstrink asiemstion glsvicei Al gipdmt Pondiersie dheyibleaypt
registers_of i | -COF 8%89 1 o the. = b0 | A0, | e
register@?amn&gg Bg%gﬁgﬂggfﬁg%%?ﬁfét a tg%%f%8hh?§ﬁ%§gfa§%&m%%%?ggring
syst em ofoduly aihie sefre tHedhtesurt Hatdn dedigragddregiberspif thg-interfh¢ed nodul e
conprises storage containing identification data for the plug-in /0
nodul e, and wherein the nodule identification nmechanismis configured to
retrieve the jidentiifel gatéan dab@aficroariibe opldag- ot bf Gherpiulons updms,power up

of the industrial autonati on device. .
wherein the plurality of different types of /O modules comprise at least one of a

communication module, an analog module, and a digital module.

12.  The industrial automation device of any ome of the previous claims,
wherein the port comprises a 40-pin connector configured to transmit data over an

Asynchronous Parallel Interface.

13.  Non-fransitory computer-readable stdrage media comprising instructions
for:
- detecting connection of different types of plug-in /O modules to an industrial
automation device:
retrieving plug-in /O module configuration data for the different types of plug-in
I/O modules and writing the plug-in YO module configuration dé.ta to the different type
plug-in YO modules; _

: requesting a plug-in VO module number of inputs and a plug-in /O module
number of outputs from the different types of plug-in I/O modules and storing the plug-in
J/O module number of inputs and the plug-in VO module number of outputs in designated
registers; and 7

requesting feature data from the different types of plug-in I/O modules and storing
the feature data in additional designated registers, wherein the feature data comprises
input latch mechanism data, output latch mechanism data, or user interrupt functionality

data, or a combination thereof.

20



14.  The non-transitory computer-readable storage media of claim 13,
comprising instructions for retrieving identification data from the different types of plug-

in /O modules.

15.  The non-transitory computer-readable storage media of clamms 13 or 14,
comprising instructions for setiing the different types of plug-in I/O modules to a run

mode and to a non-run mode.

16.  The non-transitory computer-readable storage media of any one of claims
13-15, comprising instructions for transmitting controller mode data to the different types
of plug-in I/C modules, wherein the controller mode data comprises error data, run data,

or power data, or a combination thereof.

17.  Anindustrial automation control and monitoring system, comprising:
an industrial automation device configured to control and/or monitor a process;
a plug-in /0 module connected to the industrial automation device through a port
“of the industrial automation device designed to receive different types of plug-in /O
modules; and-
an interface of the industrial automation device for enabling communication
between the industrial auntomation device and the plug-in /0 module, wherein the
interface comprises:
a module identification mechanism configured to detect connection of one
of the different types of plug-in VO modules to the interface through the port; and
a module /O mechanism configured to request a number of inputs and a
number of outputs from.the plug-in' /O module and configured to store the
number of inputs and the number of outputs from the plug-in YO module in

designated registers of the interface.
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18.  The industrial automation control and monitoring system of claim 17,
wherein the plug-in I/0 module comprises a control device configured to control
opefation of the plug-in I/O module, and wherein the control device comprises plug-in
/O module registers configured to store input data and outﬁut data for the plug-in /O

moduie.

19.  The industrial automation control and monitoring system of claim 18,
wherein the interface is configured to store the input data and the output data in
additional designated registers of the interface that correspond to the plug-in /O module

registers.

20. The industrial automation control and monitoring system of any one of
claims 17-19, wherein thé plug-in /O module comprises storége containing identification
~data for the plug-in /O module, and wherein the module identification mechanism is
configured to retrieve the identification data from the plug-in I/O moduie upon power up

of the industrial automation device.
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