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Di stributed Mdul ar I nput/Qutput Systemwith Wrel ess
Backpl ane Extender Cross- Reference to Rel ated
wappisiosedion This application clains priority PcomSawd/038334
benefit of the filing date of U S. provisiona
application Ser. No. 60/520,849 filed Novenber 17,
2003, and the 60/520, 849 provisional application is
her eby expressly incorporated by reference into this
appl i cation. Background I ndustrial automation contro
systens conprise an industrial controller, which is a
speci al purpose conputer used for controlling
i ndustrial processes and manufacturing equi pnent on a
real - t i mDistribatedMizdulardnpiutd QuitputSystem svish
program the indwireieds BackplanecExmigmes a set of
inputs reflecting the status of the controlled process
and changes a set of outputs controlling the
i ndustrial pCrosssRef@rencenboRelated dpplicatiomy be
bi nary or_anal og., Typi.cally, analog signa ar g,
 ooiveranpicatom chaimy Beoa: tbrhaace Befe Ot thedfin,date of US.
ol | ers.dif 0 [ I rei at
provEitl YerfERoh S GO B PRIE L FER NoRERIE £7, 20037 and  the
60/52084ocsovsibriaP appidationtis heretsf bgntssly indoeporatedi by refegence into
of uses. This variability is accommbdat ed by

-this applicatiort i ng the industrial controller on a nodul ar

basi s having renovabl e | tan ut put (1/ 0 . nodul es
that may accommodat e di %ﬁuﬁﬁﬁbers of input and
0 i hiel SystéMe donfsiesesak fidiBtrial controller, which
cgﬁ?#%FFﬂéﬁkéﬂgﬁﬁgg%h?g g%%nect the I/0O nodul es -
is adispecitl ypurpose aotnputant uded f farerconfriolings industeaihipreessses and
that may be spatially separated has . led to the .
manyRsyrEhaauinent ony b tRerdine aﬁ%t%ﬂ@eﬁ gﬁ%ﬁ 4}%99905 of a stored

i : Al i ;
L
the bRrBmetl! srobysd emld Yhangdsaiansetli ¢fi batputs eortaiind /the industrial

circuits or a conbination of both, a built-in power -~ -
processpThe ingutis angueutputsnmayt i binady A5t aiegr Typically, analog signals

are GbeHEH B BraBHBt ed 170 i netall ation is

oA A5 chheopass ki e s enaaiorpggen tht. ther
hardweretenfigaratidns vargiusigmifiedntbyo frionolapgticationd to- application reflecting
their wide range of uses. This variability is accdmmodated by constructing the
industrial controller on a modular basis having removable input and output (I/0)
modules that may accommodate different numbers of input and output points
depending on the process being controlled. The need to connect the I/0 modules
directly to or adjacent different pieces of machinery that may be spatially separated
has led to the development of distributed I/O systems that take a variety of forms.
In one example, a single discrete or “block” I/O module is located where desired.
The block I/O module typically contains digital or analog I/O circuits or a
combinati.on of both, a built-in power supply, and a built-in network adapter for
communicating with the industrial controller. In another example, the distributed

I/0 installation is modular in the sense that a single network adapter moqule is
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one or nore |I/0O nodul es, as needed, are connected to

the network adapter nodul e for conmmunication with the
wonadsgsesoal controll er through the single net wBCk/US2004/038334

adapter nodule. In these nodular distributed I/0O

products, the individual /O nodul es communicate with

the network adapter nmodule by neans of a backplane. In

some cases, the backplane is constructed in advance to

conr‘%%gqeq %) E;It'e)cg 'ﬁltgga ﬁ@og(h%f ?rf;d'&ﬁ‘?ogcg f?q‘}pptbe md85t51%? %ontroller, and

one BP'FncﬁHégl?@ rﬁBé}glefs' # AecaBl Uéré)co@ah@ctl@e'd 9@% métvdrk Riapter module

slots ackpl ane. 1'n others, the ckpl ane has
for comnmuritatien witte thes industrialecomtolles tfhmugh tine smgle network adapter
terconnecting I/O nodul es to each other, either
mOdHPer ectly or using cables. In either case, knhown

mogul r rivlpyt a [ '
Tofb, et PRSI, SRIOUSH TR B "B AR B mocues

comirupicaté aitotise n¥heorkt dtaptes tioduld By rhédhsswe heasadk Fané In some
finite nunber of slots available to receive an |

caseﬁptjm backphanenigrasdstroctad iprdvaace $ehavermeBnisy number of slots each

adarntfidor teEeBR an U PG ER” Bnd P/ Bo MRS roh-functiona filler
moduld) &8 PngEeEshtotthe ﬂéﬁéscbfcﬂie Bad®lte. t e o'tlgéPtsﬁgﬁé ®8tkplane has

can becon® undesirably | arge and can excee
no predetemmiredrstrotiurg asrpnhosa busilt thye interdonnectiredg g0 modules to each
control(#ed and/or in ?n encl osure. In sone cases,

otheggither dirgrlly RESINGEAPIeS ext end a backpl ane froma

[ PeafBLEAIRASR AL AC oA RO, TATRIRY LEF T asons e

someti més doured to b@tslelﬂ@[.i)tﬂﬁalllrf%rtp@rtt?CLﬁa‘Cﬁiswﬁldallat|©n§1I Metvert e distributed
various |/ O nodules to communicate with the industri al

I/O systerohpera ﬂmitéu@%erE;legSl@tSnéYaAbble soapceive amilf@ module, the

nurb 5688 5o8 PRHEE b TanEaoRee! To datas B The Bdtipiane is
cons'h‘?.ﬂc?éd %&landhiveBn Pt 1/6f nib@@«'lés?]@ﬁ\tér'%%ngeﬂ;ed the physical size of

cabl e-t obackpl ane | nterface mte st anc
the (ADosystémmenar becoregr addesitablyflarde andodan axceed the available

mouB35 FoRee b e Gort ik harbcRBTRIcH :abtd'étg%ngr{ ORBKE) ane
OB 8GireOthscs) Ranids AR BeER YRRy, fF B 8Pt fiBh a first

O novin ne par SOI‘ Ot er un eSII‘

mouatiMg oot e@b & aedbhd omsuhting | loedtiorfe.gh efrbm &0 firstafixed-length
i ssues and others, a need has been found for a

backpiang tesa seraris o4 feora a st enclpsuredon secanslte allewdhearmrious 1/0

moduf&! o/ %ch)t I’HEIHI% tsét Sv'f%h thé"Industrial controller through a single network

adapter. While this backplane extension technique is often effective, it does have
numerous drawbacks including the relatively high cost of cables and the cable-to-
backplane interface, the limited distance (about 1 meter), degradation of the

_ electrical signals, wire congestion, possibilities for environmental contaminations at

the cable-to-backplane connection. Also, in some cases, cables cannot be used due

to moving machine parts or other undesirable environmental conditions.
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i ndustrial automation control system Sunmary | n

accordance with the present devel opnent, a distributed
waonosloaesoi nput / out put system i ncl udes a pri mar pCT/US2004/038334

Wi rel ess device adapted to be operatively connected to

an associ ated industrial controller. A secondary

W rel ess device is physically disconnected fromthe

primary w rel ess device. The secondary w rel ess device

I s_operatively_connected to the primary wrel ess

do b GahEyor-is! FareRgnG Reves andoefirane need Pas Beemtaund for o
_ ) P g o ¢ _

wireR3S AP eRDIEP Yt B WRUIRREE. kL PPIEELEL, Atem in an

industrial ketomatier tedtrblosyistemat | east one i nput/ out put
nodul e for conmuni cation with the associ at ed
i ndustrial controller vi SYR&aBtondary wirel ess

deyi c [ VAR b i nk, d.t he
or Dk Rl Y e PRy ARt n o At moduter
iNpUBNGRIPIISystER RN RICBPAIHMEYNRIrCRBS EVIROBEABRA2RS be operatively
arrangenents of conponents, and/or various steps and
conrgateth donamtassotiatade pyjusprialf esnteallesmb d secamdsno fwivdlessh device is
rein_and, shown. i t hat

physfeTh a3Eomiected Bom TRy Mireless Geyiten; ThE: 5eq0adary wireless

cevies EPBbGBERTEARAS ML HTER) Wit AN FElimily wireles
backplemg dink( adépleas) onerinputfaltpuly noodwe bigckpératieelyocormtected the

or, nore detachable |1/O nodules; FIG 2 (prior art) is
secondgnp ¥virelessgfemss Amasendated Hiriddlevice &3rs bensanectead to the at

st FRR RS, M8 Pl PRV Ao s

contPSiR 64e tifd SerRindan ivireleds (aVice! iR blimiaky Wil"@l’éésfﬁa%gplane link, and

diagrammatic illustration show ng the distribute
the piivaahawireless sigyicem of FIG 1 as part of an overal |

i ndustri al t t | t t hat [
nput from Zﬁd(%?é#d;ﬁgaﬁ%%{o% of SReibawinas pr ocess;
g O Bl Combiiscd SETRARNE dd BT of Wmponents,

and/dr staricaststepsvadd| arangernéntsubfostiepsy pteferrat témBodiments of which
conventjonal backpl ane extender formed in accordance )
are gselpsedhBeisin 3ad shawpdn dpawliawings, thet farma pankhereof, wherein:

'Slyi;#;zm ThHOP afth 187 LMGHIREL' ArsBRRERERD P2 in phantom, of a
distributed modular I/O system having an network adapter (adapter) communicating
on a backplane to one or more detachable I/O modules; |

FIG. 2 (prior art) is a block diagram of the distributed 1/O system of FIG. 1
showing the interconnection of the adapter to the I/O modules via backplane data
conductors and slot address signals;

FIG. 3 (prior art) is simplified diagrammatic illustration showing the
distributed modular 1/O system of FIG. 1 as part of an overall industrial automation
control system that receives input from and sends output to an industrial process;

FIG. 4 (prior art) is a schematic illustration of an industrial automation control
system including a f:listributed modular input/output system with a conventional

backplane extender formed in accordance with the present development;
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including a distributed nodul ar input/output system
wth a wirel ess backpl ane extender forned in

wacowrodensce Wit h the present devel opnent; FI G PEAUS2004/038334
diagrammatically illustrates the master (primary) and
servant (secondary) w rel ess nodul es of the
di stributed nodul ar input/output systemof FIG 5;
FIG 6 schematically illustrates an industri al

SRS R S AR AT o convrl o
R O e 08 AELEne SKAEROSi O Tl backpne

extehtiénfdrmedan swaotdaeice evitiothenprasent devalpsinehtut ed
nodul ar_ i nput/ out put systemw th a wrel ess backpl ane

exténddA rdirammmaticallyoribusi@ies the tmaster ebrimary) and servant

(secifchEYT BT <s thbifvied ot S 2 Mo fIBR R T ayputysystem of FIG.

5. nodul ar input/output systemwith a wirel ess backpl ane
extender formed in accordance with the present
delkd. opmsahemetiGllys ikusirshes aan yindUstiist r automationexcanpbk system

nc S kBB et VB ey S RF St v
wirelfs %bgngaaﬁ@\ékfe?ﬁer Fid %cgceiﬂda‘%ﬁe' iy Bh& ?P{%%n‘c”&%{)@lbﬁﬁwent;
or t primary w rel ess an seconaary wrel ess

deFIG: 6A MustrdteSlariither esthedimert yf a Risteiblissti modular input/output
Description Referring nowto FIG 1, an exanple |/O
systeypswikha wirelgssusckpiane extendaifermed in aaeareanes with the present

' s a network adapter nodule 12 providing a
devéécgﬁﬁgrgfi on 14 to an industrial network 16. The data

negI®r k7 1fusiytede nYerirplef rﬁix@é@ﬁﬁroﬁhérﬁd%ﬁ?ﬁéa’tlon for the
control or I/0O networks including but not limted to
distriboibed ohadktar iDpui/oaiput, systden ith Al RireRs©baalglane extender formed
. PR@ZI BUS, . Pg%l net, Four]dati OP Fi el dbus or the like as
in acgpEAaRSe Wikth i Preseph 8eVRIOPBEMndust ri al  aut omat i on
n Ir'§S qra a e i Cat t :
e Ry o geenic 2B StraRY Bne eXETRRTTHRAR, 89, Qi GRE primary

(mastet)pwirelessa devive tdoeninodicatas abitie ot oldridusoketsndary (servant)
. provide input data to the industrial controllerto be
W“‘e@ﬁ%é'%@@%f according to a control program The network

L6 R i aRE'dE WS Stes examples for the primary wireless and secondary
wireless devices M and S1-S6, respectively.
Detailed Description
Referring now to FIG. 1, an example I/O system 10 for use with an industrial

- controlier includes a network adapter module 12 providing a connection 14 to an

industrial network 16. The data network 16 may be any one of a number of
industrial control or I/O networks including but not limited to ControlNet, DeviceNet,
EtherNet/IP, RIO, ASi, PROFIBUS, PROFInet, Foundation Fieldbus or the like as are
well known in the art of industrial automation networks. The adapter module 12
communicates over the network 16 with an industrial controller to receive output
data from the industrial controller or to provide input data to the industrial controller
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or wireless.. The adapter nodule 12 conmunicates with

a backplane circuit 18 (often referred to sinply as
woOheos/osesok pl ane”) to connect it to one or norePCIMS2004/038334

nodul es 20. The I/ O nodul es 20 connect via I/O lines

(e.g., electrical cables, fiber optic cables, etc.) 24

with a controlled process 26 which can be a nachi ne or

other deV|ce or process, or several or portions of

derstood.in the art, . the I/ ules 20 . A
to begRRTEIAGPING 48 cuansial A ag e B tock doasRrt b Rard-wired
orwiﬁéggthe adapter nodule 12 into output signals (either

igital or analog) in a formsuitable for input to the

| Mihes bdapter nhod@leSlZ6coﬁﬁhmr1|da®3$rwdu1\ &5 bzakplape aﬂﬂcmt 18 (often
al so recei ve di gltal or anal o gnhals fromth

refertegdipssimply aptbe ebackpbangy te SAVaREt 1o Mn@@rdngtq HO mgdyles 20.

The G 58BbRs 20 GHABETYE GRS (1, SRESRANEDIS, B B coves

etc. )"Zli‘tv(nﬂ{ 'a%ontl’@llé'd' Bfdckys 26 Witch £&h Desheambdiink Sor other device or

provi ded through a connector 28 on each I/O nodule 20
procassj cn seuerdle ongiartions tdf sameondsois andersbeed dn the art, the I/0

mocign Ak comieri gl Bete ressu ST vt she Rl BEg, BB FioH the acapter
modlﬂ{e 0} %@%@EP%@'\%@ (g G‘%}gﬁﬁtﬁ)aé(qioér&agl?@v‘m a'rer suitable for input

HEr wi se cur not e

to thet |hdt|str|ﬁblpﬁo¢esduzar Fine afQanedules Zméymt@lynalsol ms:e&@ digital or
are interconnected with each other to define
analagasignalin érorg the lndustrial dPrasesfo @éb antlaspin\sit \mmee te rdigital data

sl KL BBt RS R 1B 8158 e mpaie 12 ang
therééﬁ‘é?e@@feﬁnégsﬁ‘l@P@d)r\tﬁoﬂé@r all el data bus conductoré 32,
over which data nay be read and witten, and sl ot

addiodidarityi @hmsl/msymlnmanse pm\m!ﬁcéﬂwroughaa cenndgcher 28 on each
ce, the parti

1/0 ey 2GRN HEY S8 DR Jath SO b T DeS ST Dnéctars 30
exter‘(lldi gnﬁj&ﬂ He gHaE?E)l%ﬂé Cgs e bén 6}% 30 b&-} %1%% dd¥8ciated with
ata bus conductors 32 al so Inc e contro

"slots"npravading meclhmkalaﬁaémmread/mtlmwmnﬁ)rl axuﬂnenmlser@curmg the I/0
timng for a data transfer according to techniq
modulel Zokrﬁﬁmoteﬁi,tln@ta% mpFe m@lqr@rﬁaﬂgwea@ |tla¢ Ib@énodules 20

are EERGOHTE, L 300 Mo e R BB Y o vou

go” ﬁ??&?ﬁoﬁ Wé:tﬁé Uétkﬂéﬁe'l@baﬁeb throudhether fieduleg 20, themselves.

In the shown parallel bus embodiment, connectors 30 receive parallel data
bus conductors 32, over which data may be read and wrltten, and slot address
signals 34 which are enabled one at a time to indicate the slot and hence the
particular I/O module 20 for which the data of data bus conductors 32 is intended
or from which data is being solicited. The data bus conductors 32 also include
control lines including a clock and read/write line indicating timing for a data transfer
according to techniques well known in the art. In an alternative serial bus
embodiment, not shown, slot address signals are attached to the data blocks sent
over a serial data bus connector or are implicit in the ordering or timing of the data

blocks being sent.
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bl ocks being sent.Referring nowto FIG 2, the adapter
nmodul e 12 includes a network interface 35

woansodat i ng with the connector 14 to decodePamaiS2004/038334
encode data exchanged with the network 16. The network
interface 35 in turn communi cates with an internal bus
36 which connects the network interface 35 to a
processor 38 and a nmenory 40. The nennry 4 0 i ncl udes

o efarigaod tbrth o dpe A Anta bt o 2 adiies 8 i RoRinterface
35 cbﬁwrﬁﬁ gr?q Wit I‘Llﬂﬁe %hﬁg&%? S14 o Hedope ary %rn'EBHe Ritta @changed

accor |n s of the present 1nvention
with whel néevotist6i Ok n?ébﬁomdmteﬁacemaﬁxlla uﬂ*natcsmmmycates with an
) i nclude a Bomer SUDP P or an external power supply
interaalrbys36 Whishnemnests the netweKniateriacs 38 o %cPr@6¢ﬁ$QEt3§ and a

el P LIRSS e OGARP DBaHEHE i urpu

sectiéfis)Zhd &n If)'p@ratilr)g ?Nd@,@é‘mc@dll rfieiveth tie bf&ebﬁﬂm Etﬁﬁap@ate on the

conmuni cate with the data bus conductors 32 and sl ot
data aphhsings osi thealistegaaly bus a36aa>¢cpr@n9 iontlee fmeth@Baobdbe present
respecti.

e GRESE M el B TBE BB Foghtt TS e o power

' | t ed process
suppiePEEiah Sl POt Sapdl éﬁ‘"t%eraet‘é%%“é“%ver the
bagHep listeendl8blis 0BGt Bleoadtatmgeis rtodbbekplane rtﬂataouttalrface 46 and
signals (either digital or analog in a formsuitabl
backplane @sleess: denedeb 48he LG mpstuigsa ar%%é@dzf@te%@n@rra"y at 20 in

F. e SB35 SRR 80X BT s ot s

condaevdotr@tsz ARy slot B8GdFeSS | sidhat) 3 &idar lﬁ@haﬂené&nt@fédee 50a-50c,
adapter nodule 12, Mre particularly, in each I/0O

respentivalye mah@omstqualaﬁeemsneaczh 5& HMJISCZDE[%meHSGS I/0
arco TR B (1 Eoh et Dol BRESTa Wi BEPbAGHIAL kb s 26; (i)

o i g8 SO B T gt 12
into autput fsignao (dithen cﬁ@@al&&carmwg)am mﬁemtsu:tgblerﬁmgrcmnectnon to the

60a-60c. The internal bus 52a-52c al so co ni cat e?
industriah proesssi 26ui eng/os2{lig2receives Pidi@ s anglpg signals from the

L bss S8 VAL LRI ASH, B A0 SRR 8hghSon on e

backgréﬁe%t@mb 8@@%}’ nsRi&ae. of a respective 1/0 nodul e

Oa can be replaced
More particularly, in each I/O module 20a-20c, backplane interface 50a-50c

(each component denoted a-c to reflect the particular I/O module) in turn
corhmunicates with an internal bus 52a-52¢, which communicates with an internal
processor. 54a-54c¢ and memory 56a-56c¢, the latter which includes a buffer portion
58a-58c and an operating program 60a-60c. The internal bus 52a-52c¢ also
communicates with I/O circuitry 62a-62c that provides level shifting, conversion
and filtering necessary for the interface to the controlled process. The processor

. 54a-54c¢ and memory 56a-56¢ of a respective I/O module 20a can be replaced

with a state machine.
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with a state machine.FIG 3 illustrates the

conventional nodular 1/0O system 10 of FIGS. 1 and 2
woOizousloaciomg an adapter nodule 12 and five |/ O ROGWISE®4/038334

20, i.e., 20a-20e) as part of an industrial automation

control systemfor controlling the industrial process

26. More particularly, an industrial controller I C

conprising a scanner S connected to the data network

or 35 UfERE e SerlARbRnal molfudtilio) buBedO R Bl ot ana 2

(lncI@@her‘adébtéPﬁw'élufé-@Z‘End fige T wedduled 20006 ‘idaﬁfzd .as part of

he“modul ar |/ O system 10 is connected to the nefwo
an u1cdustnal aetomatioradaptrel systeam fori somtnolhngotheemxﬂuetr;alfproness 26.

Morg, B8l a5t sl oh b EQ@PBBINGCA FCan AL Gannected to

 the émﬁﬁaég?\s YrpPaliekit SRhe drf He St lprovides an

ove rISGS

mterfdc@ hﬂ@tohdeﬁSthéOd:‘e\ﬂcf@ ¢dmfectetht01 netwcblﬁ I\thhdt @@L@d@ﬂ)trﬁ! industrial
of a backgl ane 18. The I/Ocircuits C (FIG

C0nt®|ebf1q heThﬁ)@mdsgarz KO ZystesortR s aonaerted fo ibe metwork 16 via

netnpiE 3o3RicFofe dhchl Reatblerbislp ) she pohirgi 67 shown the

modGI'aFCHOt SySbeRPMETi5 |6taﬂeaabnﬁéa;acérﬂcmé/$ﬁ éés@,ﬁns e.g., mounted

contr ol Ier I C via network adapter 12 into outplt
directlydwahe rhachinerbeingicoatrolied)anhs cm@led aboveypine modulae I/O system

10 CIQE\%?@% In?llgtlgleol?ssseaglég ,?fd% l Ien ég{rgﬁgmtcgqgs\ugh the adapter 12

t
oy e B leC e ety uls SNBSS, 4 o e nBdyies 20a-20e
connetigvid §/0 ings t2 sunldlw talsles withe aymeso2ouriLe fi elﬂe@e\/?ées of the

and the field devices , sensors, sw tches,
contrptied qreeess 2%@5@%@@() 'lgnadI/@oﬂwus G sppvers digitaldata received

frome BRI 1B Via' SireloPR el 3 ke, Bliol, Solafelalifet digital or
anal@bfcﬁsmbat/ €0 RRENMndsHaf Brcﬁ;étsﬁsdzbhﬁablﬂf@é%@”eﬁwdl%)é FRrd devices

first nDuntlng | ocation to a second nount
(e.q. |, oddsp nmptora) lachuathbes, vwsuaiudxsplaysnmiajlcesdeﬁﬂtesp etc.) connected

therdth] Lotheties iﬂ&ﬁ/@ﬁ@?@ﬁg%ﬁ%@d@ﬂ&{ #elog sighals from the
di y
mdu&ﬂ?vsmc;eg% 280! ffes: 269 P URTRY BERICBE 000! MAIEHS switches,

detectors, h’ammshettﬁ) %hc( @onverttt samat to/ eligitalndats isuikhble for mput to
encl osure or other |ocati on) and a second portion 10B

contiphenlyia detwosk @gaptask2. 26B of the machine 26 (or,
al.1}\5 EIQ?cIrlbe‘al Efrléfﬂl gbove in some cases, cables have been used to extend

the backplane 18 from a first mounting location to a second mounting location to
allow the various I/O modules 20 to communicate with the same network adapter
12. FIG. 4 illustrates such an arrangement wherein the conventional modular I/0
system 10 has been divided into a first portion 10A mounted to a first part 26A of
the machine 26 (or, alternatively in a first enclosure or other location) and a second
portion 10B mounted to a second part 26B of the machine 26 (or, alternatively in a
second enclosure or other location). The first portion 10A of the system comprises
the adapter module 12 and the I/O modules 20a,20b that communicate with the
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second encl osure or other location). The first portion

10A of the system conprises the adapter nodule 12 and
woOheostos@omodul es 20a, 20b t hat conmuni cat e Wi t hPCT/US2004/038334

t headapter nodule 12 via first backpl ane section 18A.

The second portion 10B of the system conprises the 1/0

nodul es 20c, 20d, 2Ce that are connected to and/or

cooperate to define a second backpl ane section 18B. A

adapftoRBAb s e AR R ot fiah aAT iececBnd mgidn 8B of the
systehPAotRftidedr tlﬁ@tlﬂg;@ggﬁfé}r 206X 5,206 2R ¢ éze ;h‘lﬁ)?:'ﬁ@ggedt fo andjor

above, however ane extension ca
coopedtit ¢o Hfinkay secomderatkplaneessictiab 118 Bt i bl ASEsexiends between

e g., relatively high cost, limted distance (about 1 .
the HEt angdulge #@RAAG RN feleﬁlé"lf@'\écmft@r&ann%qt@ s,ga@ml@we sections

i L Digd ity efVi
18A T35} B RAREP HEERISH ROl nowever, backpiane
exterMom tables Guch erthercabie 18E! tavepsdvegalnisdisirabledsttsbges such as,
ot her environmental factors. FIG 5 shows a

e.g., diedativetyithigh neast) dimitedp distangsp (abeyis tlematet)h degreraiden of the
| tbaékgl aqe ext ender 100 forngg.i n.accor.dance wth the Hi "
CleC L Rl de VoA Ot BB ! % {HeFRNIENE C%@FHPE‘ Ions a
the éftblggl@k?ltaﬁé BHHECAON | PHE @HHPE\&%ﬁé‘@nQE‘ \?«F’Eﬁ fdving machine

I dent o the system 10 descri above an as
partssarctthel ekeircompnia fidcto e i dentified with reference

nunbers that are 100 greater than thgse used in FIC_;?igl .
1-Fl.  Thehows up adistripited o Masiwars yaRW/RYBHhsSYsiem yfithywireless
, . . : ¢ i

backpREE> kidePrieR OGRS ordiict Wil 3he Bkl detiopment.

Exceptoas iotharwiSehsBG R @ptiperedestsibdl Athkd Fhotkesat iﬁFUt/b@tput system 100

__related). Mre particularly, the industria aut omat i on
is idesdival 60 thet systemcblpiessgbedmbaveudnd,i as suei like cemponents are

centFRP S AR MAers 6T ECA O S 2ol SodR Aot LA n Fics. 1
ot : . _

4. TRETRRRLEE)SPuPbIDUL DS forts B or'eh HidbsfHH ditdmation control

netwodaforocortrolliGy thieindushriabprodedss36t kaviid Girstoapd i seesnd portions

multiple 1/0 mdul es 120a-120e that co nicate with
26A,36B | (RIAGESSESI 268268 NEed | et \hen RIATRRL K Mipt oRTticarly, the
: I ' it a-_120. C
o) |9 BRIt 2phuf B R o OB RRE  Fiproter 1C
compj%’«rhg? ascahnéhs coanédtet ltedhedac® petwérkand. The meane 'I{(O system

igital data received fromcontroller I C via networ

100 daagannectierh to rand sompognisatgsawih( the kleta diefivoell 16 via network
adap?gra'ﬁ@ afna'risi fb%gﬁedt ?er%ggely from the controlier IC. The modular I/O
system 100 comprises multiple I/O modules 120a-120e that communicate with the
industrial controller IC via network adapter 112. The I/O circuitry of each module
120a-120e connects via I/0 lines 24 such as cables with input or output devices of
the controlled process 26 and: (i) convert digital data received from controlier IC via
network adapter 112 into output signals (either digital or analog) for input to the
industrial processes 26 via lines 24; and, (ii) receive digital or analog signals from
the industrial processes 26 via lines 24 and convert same to digital data suitable for
input to controller IC via network adapter 112, ’
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i ndustrial processes 26 via lines 24; and, (ii)

receive digital or analog signals fromthe industrial
wonros@sens 26 via |lines 24 and convert sane toPdTQiSt@k/038334

data suitable for input to controller I C via network

adapter 112. 8Wth continuing reference to FIG 5 the

nmodul ar 1/ O system 100 conprises a first portion 100A

nounted to a first part 26A of the machine 26 and a

s K R e AN

Y 15 Gipstt tagFrt 1
st S0 SO0, PANGATHS S S5 RS B o DA A6 a seconc

porticrd 4008 muoeike td ‘B2sadoadf part 26Braf the ynachite RéGneThe first portion
100466 thednadisan s sysisnt LORCCABEHP U5 priaRter o 14 and the
1/0 HREE 3500 £400 St Edn AR50 e LB AR 83 v

(maste} Itra%kplaﬁecgmmhs e 8A thatb & pbdefmesie ot udzafnteasay tﬁbemodules
nmodul ar 1/ O system 100 further conprises a wrel

112,020ap120b. exthengecond coarien nd@0By o4 thier anacslard 9 csystem 100

comrigch et 20 Bhdted cHEbE L2080, BRLTIY B tg ancror

coopér%f@”cé QA8 e J%\‘il o 17% BéickSbASE SSedByh CeLEB OSThe MRiular 1/0

I'ess nmast er mforns a part of the first
systemar:lton)rfuﬂth@& aoinprisesna duiraless /backplane nextendeind 7Gs defined by a

s TG s o 8 S B vice 170m
ons AL B A0S0 Bt 85525 Bl s cce

170500dnh@wlﬂdé@s&mattemdéor&earwbnsfmsraEammmommpbsttbrt BOOA of
partially defines the second backpl ane section 118B

the nedulaai/® sysiepoh@d mrsemarathlﬁ@pamtﬁd tors pariighy defines the

st Bk e A L SR 0o GO Sy e

wnrel?%d 8Fvaﬂ CHSficd A 7L fofrhe a'/ fluthes sdetfl {ba&ibnarl@m! of the .

ess master device 170mto a source of
modtﬂhledl@lsyatemoﬂzﬁb ahd isTloperaivehd cpnmeatea:h toooB paftiallyedefines the

o TS el AT L0 BB SRR e
porsF 00 5 S B T 20l 605 By AU, e acoper

modWierel 2 $8s BRGWVA)Y aﬁemrctmelaﬁmoe@rmffme @ madule 20ae120b and/or
scanner S in order to

the wireless master device 170m to a source of electrical power Pm. The second

portion 100B of the system 100 receives electrical power by connecting the
wireless servant device 170s (as shown) and/or one or more of the I/O modules
120c,120d,120e to a source of electrical power Ps. It should be recognized that
the wireless master device 170m can form a part of the scanner S in order to
eliminate the network adapter 112 and network connections 16,14 shown in Fig. 5
between the scanner S and the network adapter 112. In one such example, the
industrial control network can be an industrial control platform (ICP) such as the
Allen-Bradley ControlLogix platform and the wireless master device 170m is
connected directly to the ControlLogix backplane. |
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elimnate the network adapter 112 and network
connections 16,14 shown in Fig. 5 between the scanner

W@ 2005¢h5089¢ net wor k adapter 112. | n one such erampiSeq04/038334
the industrial control network can be an industri al
control platform (1CP) such as the Allen-Bradl ey
Control Logi x platformand the wrel ess master device
170mis connected directly to the CbntroILoglx

o e wiBfestFaster leVite A 200t aaf 36 Speeer bohvast JEvice70s are
adap‘c&?rtsbéétéiﬁ ﬁ’lé’l"éb@d\/@eﬁ Ea\%@ie% Iﬁckﬁl‘én% Aélli"’ltswof forms a

ta communi cati on for seam ess rectiona

datatc.rommsmarcaubn dzdth foets&aaﬂesmbl-tﬂlredtonahdrasnsﬁerndf data between the
pl ane sections 118A 118B. n the preferred

first @%é@?%backn@f@ﬁ@l%é%@&%e Injthe pretereshgmpedinent, the

wirefies Beoblarc” RS T8 ColmiRER 2R rRBLARG (30 e ES Between

the WiteREs FRALEE Ind! Rriétivievites ATOM A 705 LasPest sueh, these devices
ant ennae 172m 172s that transmt and receive the RF

are shioghnads camprisingarepectivackieanze Lvm, AiA2s thatiisansmit and receive
h tablll shed according to any suitable RF signal
the Fﬁ's gB%%1, but is preferably inplemented according to

a”rﬂeﬁﬁﬁréﬁgé’s Jo’acl?ﬁ\%ﬁg A Bﬁ?&%ot be @&3bﬂs§‘fébo°%gcordmg to any

anot such ul traw

suntablé/\ﬂ): srgnahlpemtoszolhdmm rsgpeqfemv smpdﬂmembe(:ll:&&b)rdlng to an IEEE
i rect sequence spread spectrum (DSSS), orthogona
802. Hetm;@ﬂc@rommbsﬁ(ga, SO 53R a(r@ﬂrgfm Sch 5t Bletooth, utra-

widepghe e} h%ﬂéﬁﬁﬂwgﬂﬁﬁggfﬁ HeRhEF GRS lrsst sequence

spreéM %b@@t?unﬁe(mslS)n@rtﬁbg@hélfﬁe@@k?'dlv@@ﬁnﬁuﬂmbx (OEDK).OfTt is not

he i nventi on. is also not intended that the
mtendedéhatsﬂweade\vqiomnent bekimites! toea paricuéar wiseless profoedlsand others
ot her ,suita

can (05 WiRLT dEpPRiee fiemidtol 3 RS otehf bp e Mvention. 1t
is aldd hbt ﬁ?&}d@%@%@%hé’%?éléééq% tpﬁzmet sk Q‘iSW'Be fefe8 t8KE signals;

I nt ent e i nvention ernore,

othenms:tairle swFarsn e.g. eirditared shdmthet l@mwav@emgmej amsasonlc links, and
devices 170m 170s can, be altered to be a peer-to-p
othegseFan ibengHiizedmtheut despeing figm tberavesa!] soepg |a@ﬁ1 mtem: of the

nvertft, 22BRosfnbieciM oRSR", S%%ffeﬁ*%@iﬂ%avﬂ e fhg wireless

devidek8 170, £704) @nhde, aftBfed O ber BE pesrmEy-pecr &élétlonshlﬁ without
"servant © as used herein are not |ntended tolimt the

depatiéng Mopirtne invensionasiresuchecasgntcither avitpteasndevics AZ0ms 0s can
initia%é Scon{n%r%&ét?on on t?]e wireless backplane link 118W with each other, and
the terms “master” and “servant” as used herein are not intended to limit the
development to a master-servant arrangement (sometimes also referred to as a
“master-slave” relationship) where only the master device 170m can initiate
communication on the wireless backplane link 118W.

Regardless of the 'pfotocol by which the wireless backplane link 118W 'is
implemented for wireless (tether-free) communication of backplane data between
the master and servant devices 170m,170s, the data transfer protocol

implemented on the wired backplane sections 118A,118B is also implemented on
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"master-slave" relationship) where only the naster

device 170mcan initiate comuni cation on the wreless
woaalspisense | i nk 118 . Regardl ess of the protoceCThg2004/038334

whi ch the wirel ess backplane Iink 118 is inplenented

for wireless (tether-free) comruni cati on of backpl ane

data between the master and servant devices 170m 170s,

the data transfer protocol inplenmented on the wred

e BRERLFFSPEEL TR 10, St A s ok
com%s@tééxﬂ gt%ﬁspﬁrégt{a ehe Ss‘ﬁol\/\}rﬂ I IRRGCGAPItRE %#dIW@é@ %rcﬁ?lhgﬁssectwns

the hard-w red backpl ane sec
118A,1:B¥83w8 used toslrahstfer tatantd end diedna acoorating fo amy suitable known

ac to any sujtable k ovvn ot ocol such_as,
protq,cog1 suc i gg\bp)évgghl@p,oéi Np@ Iﬁé@L USeEkC. TR wireless master
devnéé‘ée\r/fbﬁﬁ%ggﬁt eched%'rélﬁss”gé?vgﬂfj HQ\ﬂcé"' 1906 ScRpMEN respective

ce conpri se respactive
encapsglatish/idechpsulstisrpaodsies A7amgLy 46 théﬁmﬁkéﬂ%lbf@tdata received

encapsul ate data received fromand decapsul ate data to

frompand deaepaulateadats tonbee eansmitted dobdhekiparanwired dxadsplane sections
8 l. t hi th i.rel ] I . .
s8R E00 1}t B Wbt BEcLPBBL 3R 418503 e enscany
toa ségiﬁarwéﬁeﬁaeﬁ Edtile SNEMBs thatlditiwi Bt TASE hF1i5. 3. an
Industrial autonmation environnent, such as the network

s Hovan iimdusti@al dutomatios envirtanoeenty bath abdhainetivesis shown in FIG.
back Qpﬁ@?ne link 118W be est abl i shed and mmi nt ai ned

Tt isheriti ithatnthg; Wingless DRefjene lim 1 g gStabrghed aedéagmtamed
at th%ﬁﬁuﬂeﬁf i=il sﬁ%%gll‘?ngl'oe@\%i? ﬁ%eeﬁﬁrefe%fsvrﬁ%@tgp%gﬁ (470m and

COlTpI‘ Se respective W rel &ss™ si gna

eachi Witeleas Gesvaht taicks 1 709 @amEﬁ@;e trBgiedBive M iele¥s Sigha link quality
indicia of the quality of the RF or other w rel ess

indicgiogm di7Gm, 1H6S eSIW thatt gxreviga osgiblenediclanal thesquality of the RF

or offidh RIS Signaliok Jouc sHE iREss BADIIE Rk 1eia is estabiished.
In th'eﬁ%&ré’d’edoérhﬁédfh’f@itcﬂié)fnd:%&&tssﬂégkg.% é‘édhoc%rﬁgnse 3 plurality

observer to determne in t S| el ng receive
of LBED/s bhetharsindicator lsghtszdms thated|oss ad&)bsea/e‘rmrdetéﬂamesm the RF
signagf suffici e%é stren to send and receive t

RGY JRECMEE DYoHd sxﬁﬂrr OF SSEvVakcWhE'sRe deivme 178mAd0s is of

SRR, B BB EORRERCERR 86 A obhO IR the! el Bipiane

link gmwofdreo ér@tNEl ifterbonhédihr of el DU YneMges "PROAEXOe to the
a di strl buted nodul ar 1/ 0O system
adapter module 112 and, hence, the industrial controller IC.

FIG. 5 illustrates only one embodiment of a distributed modular 1/0 system
100 formed according to the present development. In more general terms, a
distributed modular input/output system with a wireless backplane extender formed
in accordance with the present development comprises at least a network adaptér
module 112 adapted for operative connection to the industrial controller IC via
wired/wireless connections 14,16, a wireless master device 170m electrically
connected to the network adapter module 112 (alone or together with one or more
I/0 modules 120a-120e) via master backplane section 118A, one or more wireless
servant devices 170s operatively connected to the wireless master device 170m by

11
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100 forned according to the present developnment. | n

nore general terns, a distributed nodul ar input/output
woeyeisasvsait h a wirel ess backpl ane extender for ped/uSm04/038334

accordance with the present devel opnent conprises at

| east a network adapter nodule 112 adapted for

operative connection to the industrial controller | C

via wired/wireless connections 14,16, a wireless

2 wiBRHS: pSGRAiTekodReN: 13 o 8 S5 oo, 170a-120e

electPita IlWéPoﬁHeQN%Q?#e?étl\?e&g @oﬂr?&‘téd b %a@ﬁ%éﬁfan?g\g K{P%%gﬁodule 170s

sect’ion 118 e or re wirel ess servant
by a sebsanibackplaneseciom148BedItt cant theisvbe sears thatesinain advantage of

the ﬂ%&é’%ea%og @Xahlaélaﬂ ga@%gﬁé’_ C&Plag{]q?wl@la%pallégﬂ\évdular distributed
mput\%ﬁ@:{ gte%ﬁ’i@[:ﬁ@@eylgfé}mﬁ% ea(illc{ Ra[pffé‘% ﬁ/ﬁcﬁ\’d’;‘g{l:rﬁleSR link 118W

y a 'sérvan

at ariyla@swéd gcmﬁ Hebweeh ehe ¢rbwbhabdapteril2 add ane agemiphl U@ module
ystem 100 is that the backplane 18 of a conventi onal

SUChrﬁﬁcthedﬂodU@tZQ%m EIﬁl?nput / out put syst em 10 can be
ss link_118W

MG Ea?a‘:@e'ﬁ Ohesdhi r RItETatiEy afshdwment for a
dlstr“b'i]€ed ﬁ{dHLﬂ‘aﬂJ |InE>L|90 SEHG |'\1N|§—§ at\K} olegg ‘b'a@lﬂ:ﬂaﬁé asfrGer formed

6 Il strates n exanpl e o such
in acabtdametwmle the vpaesﬂﬂmelbpmentd‘osinptmmfedatmdtdm output of data

RIS I RTICE (03 A

o O e s S, B s 20

part ofah Pidudirfal eiuedrhaties Meb bk mpﬁsmgoararmuﬁ &lfcfcmﬂrdﬂér IC and
generally as industrial process 26) part of

scanp@g§sionnacted foahdateonetmeriditc Ebamo@largllé)nsysmstoo abmprises

ontrol,le and s ner S ¢ ct
a nefPt, Praler' 12 Wesdfid) omref @R 168 hiudriCiBnyolier 1€ and
scanP&t V@i, %&?@d eaind]/ WPEIESS | 1Y rl@%?ﬁ@cﬂ@% 014 '1? (the network
I ndustrial controller | Can scanner S by w r'e
adapherdisoshown eds beingetosatdd cemotaly ifoorm the téniroler Ithyu:tr &ould be
is shown as being located renptely fromt

locatB aBFACeBE ec controlih| HobdNROtAEdq i) dhbnConReler IC and/or
connERRH Akl 1 LSRRI PThOERRDE P ey 400 rurher
compﬁsétsl it |@I¢®sm©duré§0120attmw thapcopesuricdtti wite théQndustnal
nodul es 120a- 120f that communicate with the industri al

controller IC via network adapter 112. The I/O circuitry of each I/O module 120a-
120f connects via 1I/O lines 24A,24B,24C such as cables with input or output
devices of the controlled process 26 and: (i) convert digital data received from
controller IC via network adapter 112 into output signals (either digital or analog)
for input to the industrial processes 26 via lines 24; and, (ii) receive digital or
analog signals from the industrial processes 26 via lines 24 and convert same to
digital data suitable for input to controller IC via network adapter’112.

With continuing reference to FIG. 6, the modular I/O system 100 comprises a
master portion 100M, and multiple servant portions 100A,100B,100C mounted

to/adjacent the processes 26A,26B,26C, respectively. In the illustrated

12
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controller I Cvia network adapter 112. The 1/0O

circuitry of each 1/0O nodul e 120a- 12OFf connects via
wOLsloseses 24A, 24B, 24C such as cabl es with i npRCTA®IS2004/038334

out put devices of the controlled process 26 and: (i)

convert digital data received fromcontroller I Cvia

network adapter 112 into output signals (either

digital or analog) for input to the industrial

emb Bt BTe BislaortPE M iBhrtdsidy 56 atdabt oide 212 anc
the Wir8leSs Adastade Ay a20rh BpRritively dbhé tgatté tﬁé'éfgbté\;%w rf\EEIule 112

C
input to controller I Cvia network adapter 1
for datat Bndfangpowee rteansfert vigFn@ste; babkplandul8M./ QMkgrsiatvely, the

masteg RO pLAOM, A2 FRIANCHSIS B0 BRI 4D OPaiEBAFNa-120f that
wouk] pRaNg 5B BR AR AT SR L s M e 112 o
the masteriveiesless)modulee 170m! eThanister porBioANLDOMEisVaIs® easected to

mast er device 170m operatively connected to the
electsigabpeweiBaul e 112 for data and/ or power transfer via

: a ne M rnativel v..4 he naster
ﬁé&éﬂplé@\qo anlée’éo‘ ?fﬁlpqhgdes%ef?@?oryl rSOWPEbS?\%dB(Qs modules
1203208 A%0d hahdwoy! dyfryiess alsbivahe | psaded 190631 call! Yoperatively
bet ween the network adapter nodule 112 and the master
interapmrecied fomdateeand/mmponwer transfer by senvamt hbekMane HL8A. The I/0

Cie l.ectrical power P . Servant portion 100A
modgRs; £ed8ach il biie JaR data ieuandlor rebave mpibeata from
= hEl dey I ' .
the 136 JERSYETIOTRES A UG DN TORR TR to cectrica
powsrePgant backpl ane 118A. The I/O nodul es 120a, 120b, 120c

provide input data to and/or receive output data from
t heeryaek @ostions AR of the isielenp 400 Sompeigesparsinga 1/0 module

12003749 55 WiGREECHTHRAC EUFE {208 RIFIAL 1¥fRoreg with cach
othefRlubigral 368/ o5 eriraAbes by SRIVAR bakifie 11882 The 1/0 module

operatively interconnected wth eac ther for data
120dmideidep dnput datanksf and/oy reegivesoutipat idatafiom 1B8.protess 26B via

10 e 3B et earboRel 058 is et fouclecky el Rawen b, '
SRt BAftion 0@t i SR EEY bhpFisES 16 Hddilad320e,120f
and a wireless servant device 170s3 all operatively interconnected for data and/or
power transfer by servant backplane 118C. The I/O modules 120e,120f provide
input data to and/or receive output data from the process 26C via I/O lines 24C.

Servant portion 100C is connected to electrical power Pc. |
The modular I/O system 100 further comprises a wireless backplane extender
170 defined by the wireless master device 170m (also referred to as a primary
wireless device 170m) and all pf the wireless servant devices 170s1,170s2,170s3
(also referred to as secondary wireless devices 170s1,170s2,170s3). The wireless
master device 170m and the wireless servant devices 170s1,170s2,170s3 are
adaptéd to establish therebetween respective wireless backplane links
118W1,118W2,118W3 that define tether-free data communication paths for

13
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Servant portion I OOC of the system 100 conprises I/0O

nodul es 120e, 120f and a wirel ess servant device 170s3
wabkbosgpenvat i vel y i nterconnected for data and/ oPCP@8er4/038334

transfer by servant backpl ane 118C. The I/ O nodul es

120e, 120f provide input data to and/or receive output

data fromthe process 26C via I/O lines 24C. Servant

portion 10CC is connected to electrical power Pc The

seamiSes. B A ti0ReL iatrer ot heFkalge GHte etieel) Hel Rkl packplane
sectl Vifsm;agrg o Ooff Qﬁ@rgéw}aﬁto baémaﬁé' SR gibﬁsfiss 118C.

and all of the wirel'ess servant device
Here,’L?OagaftﬂOs%sl?OctéBcfledo rabovey ed the aw@esmdabackplane links
el ess devices 170sl,170s2, 170s3) The W reles
118%148%3&%%‘"}37 oreferRPlY keMprises e?s§a@,l'gr \q%gﬂer@y\,(PtFésconnectlons

t
el e Yde*qdier £7he 511 B Hlicies, servant cevices
17081, 370s2]) 8¥8s3 1 tmndeélmzmme_sﬁﬂzszmss that transmit

comruni cati on paths for 13seam ess bi-directional
and raceivsf the BF s;bgmdpl ahe wiselash baakpane Hioksakst8W1,118W2,118W3

con BRCAEI0RB2SE bRt I3 BT % SRR, o prerray

‘ mpléﬁ%@%ﬂbﬁg\/@ﬁ%%%hpr e er%??s‘%&gr@fgﬁ}gwyé ki58(§)2.11b, or another

suchfasemganswetdeﬁh, altreveddebams! (LANVBE cfned drenoy hcqumg sprestdespectrum
vice 170m and the wirel ess servant devic
(FHS§),o§lreqt7@§quan@s§p@ ngp%fléﬂn&& SS), ofchogonal frequency division

multléw%ﬁq ﬁlé%t]l ?gﬁ é&%lfeaﬁé\'@l{)%ﬁl@ﬂt beGRhsd 'S particular
wireléésgp‘ﬂotéécﬁ%cﬂéﬂ'\éﬁrs cah be yeed aithciltetbpetng didiel the Guevall scope

suitable RF signal protocol, but is preferably
and lntgnten’éﬂneemmlondu general, irEd gase Of amKEdsignal, the wireless

backBelle: dBk, TAWASEEIAAERWEE o [ edaBRR, OB g puraltty of

comrﬁBﬁEéEi'or? E?ﬁ)ﬁr&?ﬁ@: V@ﬁ?mn‘i’b getins® By KPeRrSRieBfsHs and systems for

spectrum ogona reque cy division
sharmgl ispgrent OF &) RFIsnectmnnmclwmngrhmmdtﬁamteﬂéo e.g., frequency
devel opnent be limted to a . p artlﬁular wrel e

dwlSlgndwE'@ﬂe aceesst(FEMA)e Qm%ewmm E'wstaccegpéT@MA@, ¢Qdgnglivision

RS GIFERE ARy, Byl e, on o

o b NI O O prsiatnsiat 1) o
dlrecﬂea'equedceaﬁpmaﬁhvﬁpaﬁrwmd@%ﬁiﬁ) agswelisag dybrids of same. It is not
intended that the wireless backplane links 118W1,118W2,118W3 be limited to RF
signals; other suitable means, e.g., infrared and other light wavelengths, ultrasonic
links, and others can be utilized without departing from the overall scope and intent
of the invention.

The system 100 of FIG. 6 can be modified as shown at 100" in FIG. 6A,
wherein the wireless master device 170m and a first wireless servant device 170s1
establish therebetween a first wireless backplane link 118W1 via RF or other
wireless communication means. The wireless master device 170m and a second

wireless servant device 170s2 establish therebetween a second RF wireless
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sharing a segment of an RF spectrumincluding but not

limted to, e.g., frequency division nultiple access
WORDIMARs9ti me di vision multiple access (TDVA), PCOAS2004/038334

di vision nmultiple access (CDVA), spatial division

mul tiple access (SDMA), and spread spectrum techniques

i ncl uding frequency hopping spread spectrum (FHSS) and

direct sequence spread spectrum (DSSS), as well as

ba ckpﬂgﬁé( :Aq% ng&pilﬁge T{\Iftgw'irs a%ﬁe%v\gsﬂgé ﬁqwgnﬂoé Rﬁﬁ‘l%s wireless

servaﬁt: HeRl@ 17 8’ eéliébhéﬂﬂtﬁel%@ﬂﬁeer? - third 'HF atiedleg Backplane link
her 11 g vel engt hs, ultrasonic links, and others

118W3n e orgerf tczes.d.tabhsllncmoredsmneuorgfa‘uitomopﬁeeommumtatlon backup
comnRIraLatiTL BB ATRSaRR eSOl r'?%cio%ﬁr st@fi‘@%r 3 VifRigsmaster device
170} o LS SRR EBYicE oL 083 BB dnErctiton 3 fourtn

RF wﬂﬁere%g mm@lmsnmwsmemenkthélmlessaseRFanxr dm.ber170s3 and
W rel ess communi cati on neans. The w rel ess nast

wirelessvsareanizdenice d7ﬂsie©$¢ahllsh tharekeiwespva fifthdd V\@gelqsmgqckplane

e 48R P SIS I B o 1

118\@189 rﬁamtfl% - teRfreRBE HRE RN 8¢ 1HERE between servant

: erebetween a third RF wrel ess backpl ane
moddle@kl.?ll%ndl 1 7@s3cant owirsless | linkh 118RY detween ogervant modules

f aul f ' '
170544708 HEMPR RStAbIRgRe etstiiér‘éwﬁi < B oraug eaad daaths that

ore EHERGS ATMEAERE AT 539, BENIGH g master cevee

17o|ha%ml @?ddiﬂhaﬂlﬁ%iess'r hepvarite devicel d70sI61708R2, 120632 It is
0s3 and wirel ess servant device 170sl establish

contarhplatmht thatn as f Bf def@ut wepedidien, btaspl dpaundant 1wigelgss links

1160 L I A PSR PPt s i

118\#1\/;3;3 W flfé\ulsl%ﬁrrmﬁfpmeirﬂhéewmnbombeéorﬁmcm failure.

wreless link 118R7 between servant nodul es
Alterﬂé@zély,lﬂb)@keduadamﬂ(dmks el 28R4y118R5:118RH; LIBRZ a@rdeused only

wherﬁgf'&a“%' @B A B AWt ISR By Co st B3R Brimary wireless

i SEHIFE RAR SR U] BSOSy 8 e s

links 181 8R4, 198RS, 118R6, 118RT rrdwfdandifféreat eypel (als different RF
protocol, different RF frequency, non-RF, etc.) as compared to the primary wireless
links 118W1,118W2,118W3 to minimize the likelihood of simultaneous
communication failures on both the primary and redundant wireless links. The

foregoing provides an example embodiment for simple wireless backplane link
redundancy. Multiple levels of redundancy can be provided by suitable application of
these precepts.

As noted above in connection with FIG. 5, the relationship between the
wireless devices 170m,170s1,170s2,170s3 can be a master-servant or peer-to-
peer relationship. In such case, any wireless device 170m,170s1,170s2,170s3

can initiate communication with another on the respective primary wireless
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118R4, 118R5, 118R6, 118R7 be used in addition to the

primary wireless links 118W, 11SW2, 118WB to m ni m ze
woOheosiosésol i hood of a conmunication failure. PCT/US2004/038334

Al ternatively, the redundant |inks

118R4, 118R5, 118R6, 118R7 are used only when a tine-out

or other failure is detected in connection with a

primary wireless |ink 118W, 118V, 118V\B It |s al so

backlaBRANKE BHE Wik R S A B Hd Forfiimedlge pad gservant” as

usedgt\érfe)‘?ﬁ efe Rbt RARhEEq! ¢ toh%H|f %S”He\%ﬁoﬁl‘héﬁtje’cpcﬁ kgﬁgfér@%rvant or

as conp ared to rrmary W rel ess

“mastélﬁékévdlémétlm&% wvhene m)myzthet tpemhaﬁyelvwﬂmesﬁ dévnce 170m can
si mul t aneous communi cation failures on

initialg iceEIPURieatior demh dhat Witeless eackpiaties hnkfheu%\f\@gailﬁyvz 118W3

wit B R W RER SRR o O 7 BBy ot ©

r ggngangstrfas ahﬂgﬁrycaésﬂ@d dwplisatidrabf ﬁ'leaﬁ@térﬁa.t(m"h afsmpnred
t hese precepts. AS noted above in connection with

form5,Intthe iHestrated rexampledhessystamd. 00 cem@ssesjame;twgrlcadapter 112
operdiily EaGRecad JounRandistPRECENRT I Sh8 el by pired and/or
w1re|€§’s!1 nbﬂhél‘l@&@nrﬁé%?EHE“ﬁ@ @stﬂlefgqu ta'B%(/eO”IrL?%neral, the system

espective primary w r'el ess pI ane |

100 t@ﬁt&séﬂ&\/\mrélé%asemue\lm Meand niuttipleewitelassi servant xslands Si-
'servant” as used herein are not intended to |imt th
$6, Waersin paehwireless Ssen@ntislaed wamprises 'oRgArdnoky H@emodules and/or

e LS 0 Bt Vi SR ALEC ot € i network

adap@cﬂtaﬂﬁthbw ksledsl Mdbick 1 AR sHAGN BtHel éé‘rvér'iﬁsiéﬁ@losﬂ%bmpnses IP-
W rel ess devices 170sl,170s2, 170s3. FI G illustrates

20 mochiayhl/Q dedieseivcatesl incatciabmebferlcleéusg/ﬁ:lerthemervaﬂtasland S2is

lified f t d
simpl, 4 Pt iGo RO SeBsel Rt Ravics de Ser A TS BndrSE i, @I NEMA 4X
I
(1P-637 ABGLEE 1/0) UaGick e | Sdrant KIS comdrisBRTa HBRICbr other

actuater fiekt debied; dhogervaht islgroh 8Sais demedsbytaa'm[ﬂ-w comphant block
nprises a wreless nmaster devi ce Mand nultip
(nonvma@lulas)sllﬁldﬁmﬁ meuakeet tesja mashing eF athemyss lwat@qi dBs@ harsh

envidfil phd i GebRERLFRESBIE LR E BB R g pcated n an

expldshfilehvirghmeRnt rMHd Hireless miastePedeVidek M includes a wireless master
device 170m and the islands include respective wireless servant wireless device
170s1-170s6 as described above.

It can be seen that the servant islands $1-S6 are of mixed types and are

located in mixed environments where hard-wired connections might be undesired or
imbracticable. As such, the system 100 provides for a modular input/output system
with a wireless backplane extender wherein all of the islands can communicate with
the master backplane 118M of wireless master device M for communication with
the industrial controller IC via respective wireless links 118W1-118W6 and,
optionally via redundant wireless links as described above in relation to FIG. 6A.
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adapter 112 of the wireless master. As shown, the

servant island SI conprises IP- 20 nodular 1/0O devices
woOaomtsekn a cabi net enclosure C; the servanPCrAiSamd/038334

S2 is sinply a machi ne-nounted sensor field device;

the servant island S3 is a NEVA 4X (I P-65) nodular 1/0

device; the servant island S4 conprises a notor or

ot her actuator field device; the servant island S5 is

i R U B v
|s|an<§‘%{e3§u%\ﬁ't§efﬁ"' &? 3:alﬁ:|6ﬁ R WAR tHe Jﬁf W do?ltroller at a time
y sa I n

ntrrnsica O lTocate an exp

certaRTJVIReferrrmg nowhis WG eB;eascambEeseemevmaietHw wmelesddmka 118w1-
rel ess master device 170m and the islands include
118w&sﬁ@snacwem eepbishesle polyrenthe | wisglegehager device M and the

soncH{O U= 12861538 WIPELRLONS oM, AP, 858 g

predétefRirRe timeTskes TaETL.r cRuENhSsydiemethiay teguifeedthat each servant
connections m ght be undesired or inpracticable. As

island &1r-S6 be umuem identifedy | Bb@rﬁoprgfewedwmbodlment the wireless
i nput / h awr Iess back

mastehgied i afl s 1, SEsadcn et Giatess aupalies S-SR coimprise a
user BRRIcEIbI a@ﬁiﬁ% #%h%f&fe hdheags f@ﬁ&%ﬁ ENMPE é\" di/or other

conmunit Ca strla contro

configersibée meanis\era) aqxod;namhaablk&ﬂémbh%)/ﬁ)ra&sﬂablrshtngom masjzer device
via redundant wireless |inks as descri bed abov
and fos|skeringh at Wriguesidentifier o eaeh saivank gievicen nEh@@d'BPn to the time-

sensfRP crahu ey ched B SEaisH Ble A T Ter R Sontemplated

that tﬁéﬂwmtersléﬂs T Vil leXtedd tie FddiBregiehdrmiviidtiReT RIrfisner thaw and/or
8 it can be seen that the wireless |inks

capamme\zmd thawhis eexeessi bancwéﬁ”t 418 iuskddtdbeendedatiahghat are time-
t d M th
insertheS B Pa THITTRACB LG, m@%ﬂpef "Fedde, sk ofingitemative

| embéd?nﬁh@dﬁ}cfurég #¥Rentd ?ﬁ%ﬂ%ﬁ’é,@ﬁ‘ trgf%%%@r@teédﬁ% ?H\‘g’é@'ﬁ’&ted, the

requi res that each uni

wwelesbemtmsf 1:8W1+18WHard esbabbbrmubmld eMotatet fer vwese @Iyethe wireless
mast er nodul e M and the respective servant,_wrele
mastap igvice M- 8pdcBiprseseant l§éaé'}dss§]€§5a@‘3§0r@mgltﬁuﬁapmﬁ1 and/or

frea Bty PGP g hosind  Srite, “0%e P dess IS AASHA- fAsws are

dedic@$éd B bSpurfidular fRgLBHCHBY hfcafitatédh ﬁérﬂtulﬁgf@q%h@wm a select
identifier for each servant device. In addition to the

time slotdeeaducea the number of different frequencies and time slots used. By way

of example, frequencies F1,F2,F3 can be allocated during two time slots Ty and T>

to establish the six example wireless links 118W1-118W6 according to:

118W1=F1@T1, 118W2=F2@T1, 118W3=F3@T1, 118W4=F1@T2,

118W5=F2@T2 and 118W6=F3@T2.

FIGS. 9A and 9B illustrates examples for the wireless master and servant
device M and S1-S6, respectively. There, a portion of the housing is broken away
to reveal that the wireless master device M comprises a user selectable
configuration device such as a dip switch D for configuration by a user as the master

and also comprises a visual display V that provides visual feedback to a user that the
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or "real-time" data communicated in atinme slot it is

contenplated that the tine slots T -T will exceed the
woeosiosesd4 bandwi dth in ternms of tine and/ or capatiusyo04/038334

and that this excess bandw dth be used to send data

that are tinei s insensitive e.g., performance dat a,

nmonitoring data, log data, etc. In an alternative

enbodi ment, such as when a spread-spectrum wi rel ess

modifé 1B eea@orsBrEL A e st iR SEaRAG I r thedig, Smitary,
as s Wh 'FEC 9B Whekeh E@l’ﬂo‘ﬁeoM(ﬁg‘ﬂoP Rg S HIBREN IR HRe wireless
I e an or re Uency

6 according to a

sewmtlmodullebwsw comipeises whgser detertable eloasigurativnsdevice such as a
118WL- 118W6 are 20 dedicated to a particular frequen
dip swiitch R far corfigwatian @éra .p@mcaﬂarfcar@qgfame/serrvaat §1§V|§@$ $1°56 and

iso i BRE 0 Vs ) U R A P bact fp g uer o tis

effectr@?qugyrﬁ§0|li‘gzliz,rlfﬁemg be all ocat ed during two tinme
s and to establish the six exanple wireless |inks.

11he -wirgess amastiadi My comprisesMaF1eEdtrical sypaegar1 MC that is

connETYeDrs éte&]b@\éﬁp' B0 Area it PEashyosk adgpter 112,
The r‘hB@téP"b’a%kﬁ?ﬁe r&?ﬁttﬁ!’ m?é}ﬂa% Y\%‘Ehfﬁ)tfﬂﬁgﬁ% Yhadtdr ﬁloﬁéan be part of

respectlve ere, ortion OUS ng

one br qhere amm/r devncesreaTrhehwtretebse sairvarite s doibest Srl Sévcompnse an
nprises a user selectable configuratiaon devic
e|3CtEi€iH Woﬂgeﬁtc’(ﬂls& EQM heiRg sonBected ﬁplagféﬁré@%haw %ﬂ%!’éssa%'ong with

one b TpofRryC) med 1 2paPL 2B A" 5) obof i g Ben'as sensors,

mototd BRé lth@ Ilkéithﬁf-‘ﬁ’ﬂusﬁ ebfrirgutiesteagith tBe MRfistrial (.Q)rﬂrolleﬁIC through
symbol "M or the like. Simlarly, as shown in FIG

thewweieﬁ map@rtMon of the housi ng is broken away, the

sedscaiciin & EXGE: 9 8 e st At S el Ssspodeies can
also (S’r"n ﬁQé‘faQQHggf ,8%hiéh F&%ﬁtﬂéé"c%ble"iﬂﬁerﬁﬁet @9%2 SBaSS 232) or a

ces also conprises a Vil sua

wirelei‘sal(ImRE)mdmfacesbwwhlebdttmsk devieesusan ctammhms:ate with a user
effe or the like. The wi rel ess

mhol
mterﬁ%‘@t@wq@ Bgn@ﬁgs'%é 373 %JCQCQ-? p daskiapnieRionr hendtheld computer or

othef RRVRE, FAphfia oF 3Lt AR, kb Moot ifEMels e P is

conn'ggthagft@t ed Wwitéless hinastérel s seffitemodie MySIdE6Dakhe module
communicates with the PC to provide data that describe the overall topology of the
system 100 for viewing by a user on the visual display, including the physical
location of the various modules M,S1-S6, the operating parameters of the device
such as the type and quality of the various wireless links 118W1-118WS6, the type
and number of I/O modules 120a-120f or other devices connected to a particular
wireless master or servant device M,S1-S6 and/or in the entire system 100. The
user interface device PC can also be used to configure the wireless modules M,S1-
S6 as an alternative to jumpers or dip switches D. When the user interface device
PC is connected to any one of the wireless master M or wireless servant devices S1-

S6, directly or through network 16, it can be used to select and configure, monitor
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one or nore other devices. The wirel ess servant

nmodul es S1-S6 conprise an el ectrical connector SC for
woebisgseomnected to a servant backpl ane 118S aPomgSmiouin3s334

one or nore |/O nodul es 120a-120f and or other field

devi ces such as sensors, notors and the |like that nust

communi cate with the industrial controller I C through

the wireless naster M As shown in FIGS. 9A and 9B

o R AT R SE GO0 ) . 1 mos
preferficd Efia%cf dastlc\!m? A E@ﬁc@ﬁd AEs e comniied V\ﬁt'thH%Ehs?rh interface

Interface ' b hese devi ces can co ni cate w
deviee PEayrovideea Visae! dedfoc@audd OstrutFighal Rja snditetess 476m,176s or
deskto

. S p.. |l aptop, hand-held c uter or other device . .
visua} sligpias Vhgr audlosaraﬁak@ré§|taﬁc?<%wﬁec{g¢e't%§§tw¢ foBINdRigation with
' LS. cted to a wireless naster or servant
thEngﬁhﬁgﬁgﬁééégégﬁgﬁe nodyle communi cates with the PC to
pPydifl€atitisaarichalterdeisns vk ocber m/ﬂfo'ssbloft@ﬂma@?xskmfintth@ art. It
system 100 for viewing by a user on the visua

is intended yat thectlaimnbe cpastisugd liteially apdfarascordingdo the doctrine of
.various nodul es S1-Sh, the operatin rameters of

eauS D 25 68 eBroBbats alisyba TR Ao ghe TSRS, Rothe fullest

i 4\ ek bk -118W6, the type and nunber of 1/0

eﬂeqﬁéu”g§§f£g§¥?g% or other devices connected to a
particular wireless master or servant device M S1~S6
and/or in the entire system 100. The user interface
device PC can al so be used to configure the wireless
nodul es M S1- S6 as an alternative to junpers or dip
switches D. When the user interface device PCis
connected to any one of the wireless master M or
W rel ess servant devices Sl - S6, directly or through
network 16, it can be used to select and configure,
noni tor 18and/ or otherw se interact with any other
device M S1-S6 of the system It is nost preferred
that a particular device M S1-S6 conmunicating with
the user interface device PC provide a visual and/or
audi o output signal via indicators 176m 176s or visua
di splay V or audio speaker K to acknow edge its active
communi cation with the user interface device PC
Modi fications and alterations will occur to those of
ordinary skill in the art. It is intended that the
clainms be construed literally and/or according to the
doctri ne of
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equi valents so as to enconpass all such nodifications

and alterations to the fullest extent avail abl e under
wOheosloaese4 19CI ai ms 1. A distributed nodul ar PCT/US2004/038334

i nput/out put systemconprising: a primary wrel ess

devi ce adapted to be operatively connected to an

associ ated industrial controller; a secondary wrel ess

devi ce physically disconnected fromthe primry

Wi rel ess device, said secgpdary wreless device

operatively connected to gﬂ%‘"ﬁgi mary wirel ess device

by a prA | al'a .one
] G Bl Mg e RS Bt SoriePRig: o |
sec @ritaany wiireless sdalécs cadapiéctr 9 rbearnoperatieelnt echrigobéd to an

devi ce connected to said at | east one input/output
assoGigked indystrig %té‘éﬁqrb communi cate with the associ at ed

| . | , . . ) _
 BUHEERRly RIS STeeBsEalP REBRPAAEH A e Rimapy piciss

device! k8wl secohtighewielbey idegice DpeFatdvely sbhndutbe do tRE Wrinfiary wireless
i nput/out put systemas set forth in claiml,

devicednpa ipsinmayy wirgless bagkpjanst linkdi d secondary wirel ess
w452 SRR Glouthyt aSGAlE ShsatuieheCiinites oM sgcondary
wirelé¥ \g@%ﬁ%‘éﬁé‘ﬁ ag%‘ét%a fféﬂ’c?ﬂé\ﬁgé cBAREAEH &8 séibeéﬁq)l?gst one

eac sai d secon W rel ess devices operative
inputfauipat restivie is ddapted teucommurdtaesvide the asdnciated industrial
respective plurality of primary wrel ess backpl| ane .
contrplielda sgid Serondasy MTBlessdevise.balA Rrifaiy) wiielges bagians link
L im 2, wherein each of said
and %?%?gh%@%&lé%c%%@%épy wi rel ess devices is uniquely
identified and wherein said plurality of primary
W rel ess backplane |inks are established usi n? a )
skar ed Tegaisgktbused madadprdnpui/quini sy siest as gat forth mheaim 1,
di stributed nodul ar i nput/output systemas set forth
COMAMZME ai m 3, wherein said primary wrel ess backpl ane

i : . VAN
s PN S8 SRSRERY WFckesf sl phogEgAacoAIRLES fom the
primarynedretessndevice earthteach comprising one or more of said input/output
modules operably connected thereto, each of said secondary wireless devices
operatively connected to the primary wireless device by a respective plurality of

primary wireless backplane links.

3. The distributed modular input/output system as set forth in claim 2,
wherein each of said plurality of secondary wireless devices is uniquely identified and
wherein said plurality of primary wireless backplane links are established using a
shared segment of a radio frequency spectrum.

4. The distributed modular input/output system as set forth in claim 3,
wherein said primary wireless backplane links are used respectively by said
secondary wireless devices to communicate time-sensitive and time-insensitive data

to said primary wireless device.



to said primary wireless device.5. The distributed
nmodul ar i nput/output systemas set forth in claim3,
wohers@sosoeach of said plurality of secondary WPCEIUSS®4/038334
devi ces conprises a user sel ectable configuration
device that uniquely identifies each of said secondary
wirel ess devices. 6 . The distributed nodul ar
i nput/out put systemas set forth in claim2, further
conprising a plurality of redundant w rel ess backpl ane
i nks, each of said redundant w rel ess backpl ane |i nks
COTP! | SR dseitbRUERDASRMTHPLTBLITR dysfi{dLRATIM 34 claim 3,
one of said secondary wreless servant devices to a
wheregt @athoof said pludlife afnseoondaty elieslsssialavizes oomprises a user
sai d prinary_mﬁrelessigevice to ope of said secondarg
selecipble| earfigisation sdevier rtbrh Widely o landifige G@GheQisgaid Secondary

. | links establish at | east one alternative

erelgﬁgg\g%‘fcommm cation path between each secondary
wirel ess device and said primary wirel ess device. 7.

The distributed nodul ar i nput/output system as set

fdrth iThedisiihused wheduamingut/ousscyatany asiset fergly in claim 2,
s SOGPA SR Bt e el BB o Koo s
recuBEHE\A0R<} bBANE i Ecc hpAShy o AR ChrkhasLARh Ik rom o

first ong of saidt gpcondaytwinelass setvahbdevicéstad aeoord] ond ef said

at | east some of said pluraljty of secondary wreless,
secopdaiycuiselgpe dpyees e imom eaid s Wircleps ARERE 50 P &F Faid

secobflard WEEIESSORNHET Wl 559 rPEUNGAER witeles Backplane links
estabiBhGAtdesRtonaieshbfive dirdlabsdogtiranhicativn battbatseen each

i nclude at least two of |IP-20,1P-65,1P-67. 10. The

secoddanyrwivelessl davidaaad saithprimeny pliclesggiayincas set forth
inclaim9, wherein at |east one of said secondary
wireless devices is an intrinsically safe device

| ogat edy ; j ; ;
o RSB O OBy b oyt i 6,
wheiigin eheh se@ndahe nriefess aleviceemmomuiainicaves el s8d pdensrg evireless

_conprises a visual display that provjdes vi sual
devn¢quacsanu!§an@¢usaUSﬁqoﬁq@£ pﬁ@éﬂﬂim BRYDYIrRlgPE Eagisnj@e links and one
of sat& FAARIAt WifeRl & Backplaheqinks, uni quely i dentified.

8. The distributed modular input/output system as set forth in claim 2,
wherein at least some of said plurality of secondary wireless devices are located in

different environments relative to other secondary wireless devices.

9. The distributed modular input/output system as set forth in claim 8,
wherein said different environments include at least two of IP-20,IP-65,IP-67.

10.  The distributed modular input/output system as set forth in claim 9,

- wherein at least one of said secondary wireless devices is an intrinsically safe device

located in an explosive environment.
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12. The distributed nodul ar input/output system as set
forth in claiml wherein said secondary w rel ess
wdevispsovonpri ses a wireless link quality indi earmis2004/038334

that provide visible indicia of quality the primry

wi rel ess backpl ane |link. 13. The distributed nodul ar

i nput/out put systemas set forth in claiml, wherein

said at | east one input/output nodul e physically and

operatively connected to the secondary w rel ess nodul e

conprises one of: (i) a block input/output nodul e;

(1), a Phedatiibyted modilar tpuiRtieut syetethals set forth in claim 3,

i nput/out put nodul es. 14. The distributed nodul ar
wherteipeach segendasy stislessslayige ¢unprisasy vissahdisplaydhal provides a

visuf e BETRE b iR 5L ERPORRET BN, bhleSSRny Sitedsd BiCe i
il ; t systemas set forth in claim®6, wherein
unlqgglmﬁé%%am wi rel ess backplane Iinks are dissimlar

fromsaid primary wreless backplane links in terns of

at | east one of copmunj catj on }ﬁégﬁeﬂ frequency, and . .

pr -ocoll he gistripgtecy [Auinpyt tagysterpues st paith in claim 1,

t j ' Lt : N gi "

e\ 3860 r) 0t Pese e ol BSHSRED . Ay ndicatr
that {ppovide Yiditie mdiyiavafrRlafigsthieytimg Qown@tas_@,s ®ackglade link.

secondary wirel ess devices, said human interface

devi ce conprising a visual display that outputs an

o0 R b5 FR S B s A i 1,
Whelé&;r:’ﬂ gﬁid' dNe8dt &?ecgbggfsoﬁg%ﬂtﬁﬁbéélé ﬂ?ﬁ!dgﬁg gné ePhRfeR Bonnected

primary wr vice an secondary
to thel sezbadsrydeireless neaiiie comprisesione 96a(i) ableakdnpulyogimit module;
.. Wwhen comunicating with said user interface device.
(i) anpluratipy Oai'@?l‘qf’é‘@?g@dn‘ﬁaqu n Yt WU@st em as set
forth in claiml, wherein said secondary wrel ess
devi ce conpri ses a backpl ane and wherein said at | east

ong4.i Npyhé @istAbitedadod@al hputiitsal $ystemnzetdorthon claim 1,
sai d backpl ane. 18. The distri buted nodul ar

whereipsaidoprirpary wirstesmbaskplane fiok campiises ainadp, fregeendyrsignal.
each of said plurality of secondary w rel ess devices
conpri ses a backpl ane and wherein said one or nore

i npyit/ o ABGHed f S RO Yorth i -
Wi ?g'l eszhggslsftces i gﬁg ylgﬁmt@guc@#n%ct eg to sa?'gh in claim 6,

whetsig spidareeuntiant wirekesps datkplanas énkeai gissimilar from said primary

wireless backplane links in terms of at least one of communication type, frequency,

and protocol.

16.  The distributed modular input/output system as set forth in claim 2,
further comprising a user interface device that is selectively connectable to said
primary wireless device or one of said secondary wireless devices, said human
interface dévice comprising a visual display that outputs an overall topology of the
modular input/output system including said primary wireless device and said plurality

of secondary wireless devices, and wherein said primary wireless device and said
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Wi rel ess device. 19. The distributed nodul ar

i nput/out put systemas set forth in claiml, further
woanproseiomg a net wor k adapt er nodul e oper ati vePgT/US2004/038334

connected to said primary wirel ess device, wherein the

net wor k adapter nodule and primary wirel ess device are

| ocated renotely fromthe associ ated industri al

controller and are adapted to be connected to the

seconfaWRMSHLHRIFE: o adPbAIL S Sorhikiel cShmunicatng
with gﬁglﬂs%p "Jt\%pflétcé%létv%t systemas set forth in claiml

herern e primary wrel ess device and secondary
wirel ess device comuni cate with each other via said
primary wrel ess backplane |ink according to

et or SEdistrinRAMOTARE HDHHBLEUHRSEM Rerset fprteingaim 1,
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and wherein said one or more input/output modules of each of said secondary
wireless devices is physically connected to said backplane of its respective secondary

wireless device.

19. The distributed modular input/output system as set forth in claim 1,
further comprising a network adapter module operatively connected to said primary
wireless device, wherein the network adapter module and primary wireless device
are located remotely from the associated industrial controller and are adapted to be
connected to the associated industrial controller by a hard-wired or wireless network

connection.

20. The distributed modular input/output system as set forth in claim 1,
wherein the primary wireless device and secondary wireless device communicate
with each other via said primary wireless backplane link according to a master-
servant relationship where the primary wireless device initiates all communication

between itself and the secondary wireless device.

21. The distributed modular input/output system as set forth in claim 1,
wherein the primary wireless device and secondary wireless device communicate
with each other via said primary wireless backplane link according to a peer-to-peer
relationship where either device is adapted to initiate communication with the other.
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