io

15

20

25

30

Di stributed Mdul ar I nput/Qutput Systemwith Wrel ess
Backpl ane Extender Cross-Reference to Rel ated
Application This application clains priority from and
benefit of the filing date of U.S. provisional
application Ser. No. 60/520,849 filed Novenber 17,

2003, and the 60/ 520, 849 provi sional application
is hereby expressly incorporated by reference into
10t hi s application. Background I ndustria

aut omati on control systens conprise an industri al
controller, which is a special rpose conputer used
for control Pistgibutad Medulpr b Hﬁﬁgfmtﬁr&y&em with
manuf act uri ng equi MﬁlessrBa@kPwle-EmmHQ s. Under
the direction of a stored 15 program the industrial

control |l er exap nes.,a.set of .ecting the

status of the cORTT. W@&W&ggéaéﬁfhheﬂ IfRHAN, set of

out purtds @ppﬁaaﬁbhlmtﬂmfshmdr Wit iaald lﬁér@ﬁlﬁso? théPRing date of U.S.
an

nd out uts ma nary or
RORRloRe T FPrRaLPR o el SU/AZE B3 ried (hventbesi Hr 9003, and  the
@WS@O B9 p Mm?ﬂﬂmﬁm%ﬁﬁélﬁl {)ﬁ %o?f)%%l?ﬁb%?rgnce into

from conventional” conput ers- i
Wisripplieationi ons vary significantly from application to

application reflecting t[be ki w de range of uses. This
variability is accomoda @SE structlngthe

i ndufnidustrial aotvhiationatondl Q/st’@?ﬁist@h W&ﬁifﬁﬁ&ﬁrﬁgmntmﬂer which
at. nay

r enovab ut and outp I /O nodul es t

IS (ﬁ%éﬁt "S‘Pqef &PE\W&HUH&‘A sfobfcqnﬂ‘ﬁumgamtﬁtrtqbupmcesses and
nﬁ&?iufﬁc%unng equipment on a real-time basis. Under the direction of a stored
program, the industrial controller examines a set of inputs reflecting the status of
the controlled process and changes a set of outputs controlling the industrial
process. The inputs and outputs may be binary or analog. Typically, analog sif_;;nals
are converted to binary data for processing.

Industrial controllers differ from conventional computers in that their
hardware configurations vary significantly from application 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 (1/0)
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 IfO systéms that take a variety of forms.
In one example, a single discrete or “block” I/0 module is located where desired.
The b!oc._k I/d module typically contzins digital or analog I/O circuits or a
combination of both, a buili-in power supply, and a built-in network adapter for
communicating with the industrial controlfer. In another example, the distributed
I/O installation is modular in the sense that a single network adapter module is
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dependi ng on the process being controlled. The need
to connect the I/O nodules 25 directly to or adjacent
di fferent pieces of nmachinery that nmay be spatially
separated has led to the devel opnent of distributed
I/ O systens that take a variety of forms. In one
exanple, a single discrete or "block™ I/O nodule is

| ocat ed where desired. The bl ock 170 nodule typically
cERtnerRd tithe dale prtveraplby PPinbremeteTang the irdustrial controller, and

g@r'z‘@brnl%lré)ﬂo%orﬁ.ﬂéa% ’asehe@H#& bt ri?\%y_‘@ﬁ tﬁ‘fﬂ%’ BN@F%Hther module

t-in networ apter cormrunl ca
tioe cprmmqaum witbrihe dhdlustrial Icnntmibt brepugix éingp siaglet degwork adapter
qhﬁ{i buted I/Oinstallation is nodular in the sense
t a single network adapter nodule is connect ed

to théndiiese naddwiak didtributedi JO pesdte, ftheMiddMdual /O modules

DRl Wi Bhe Sehuerkatiapis? sl DYeTeRS 95 satkpiahe. In some
ety ehd @Jdc?l@m‘é&%ﬁrh&@d% hfvdnle td ﬂﬁku_ﬁa% g"n?cla number of slots each

control | er hroug/h t he si ngl e networ
gfiapted de aecpi@uam QilfBQdulQ)LﬂnﬁcthE/I@ pnertitest éqr & Imen—functlonal filler

R840 by OSBRI R o A  Bkpone s

n@smedetemmnémmttar@ and isonglt hycCingsfcdrihe8BiVRTA® thédules to each
hfﬁ finite number oI) sl-ots each adapted to receive
AR AIRLUIRCEY oL MNP KEDIEF-O nodul es (or a

non- fiHN&Ghiep @ade, ﬁdnbhﬁr mﬁﬂﬁiﬁf' E}oc@l&@ ol H%%tgg Ig(r)1 aﬁ'xﬁlications are

sI ots of the backpl ane. thers, the ba
mdﬁm@s@m&mk@r andicligr mstaliat]dn}s When the distributed

t / t h th
S T G ST o o,
ronthelr af srmts;)chrcmémheﬁl bﬁ?tmsdﬂ‘litﬁénﬂ. |I§Qhé‘l@§§éi %bl‘é’ﬂﬁ BdRplane is

or particul ar

ﬁg s fo t o be_sub-opti mal .
”ﬂﬁ% aRd Whnekhe, KO Bodles e Bdercpanesyed, divehysigal size of
the NYOCsyHH SarP ThedbRES uflé%njgpig' g 5;?1@ dng® ‘?:%3?( eg)?c%yb/ fhe available

nmodul e,” the 1's nunber o sofret
maoysting spaceran tha midchireabeingyenteolled @ntife ip bamciosure.

oA, e B LS54 s o s

MOBNIRE (B0 8 €5 | Seabhy/ rh@lfrﬁﬁ B&t@ﬁ”leregéc?&gnti‘?rst fixed-length

avaj | abl e nounting space on the machi

backplape te a seeand or fiom arﬁr@rﬁiﬂtmweéo a second, to aliow the various /O
modules to communicate with the 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 environmenta! contaminations at

the cable-to-backplane connection. Alsg, in some ¢ases, cables cannot be used due
to moving machine parts or other undesirable environmental conditions.
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In sone cases, cables have been used to extend a
backpl ane froma first 20 nounting location to a
second nmounting location, e.g., froma first
fixed-1ength backplane to a second, or froma first

encl re to a second,. to allo the var s |/0O
OB 5B FacOmEeIsSiRs Pk hEr Go nedch 8%, BT S or 2
wﬁ'éléé%uﬂ&kﬁlaﬁé NSkt dap rYr0s kiistHBERES 'modiiar iﬁPhﬂ?b@cput system in an
kpl ane extension tedm que is often effective, it

'nd@éﬁmﬁatﬁéﬂa’f@ﬁ@tﬂﬁgl WbgWoacks including the relatively
hi gh cost of cables and ghe e-to- 25 backpl ane
interface, the limted distance (about 1 meter),
degr@uataspactofof t the qlresent | |ca¢ntts)ngrpa$v$desv\nar @listributed modular
. C stiaon ossibilities
g RER I Sref bt & el “HieeleR A8 csmeisly fggm and
opdt&fvelyl donAeiEd BaGe hduswibl @mtobehtoual draiped dumirbless network
novi n chine parts or_ other undesirable
CO@HWPgnggmt@PUéE’HBQLFPSF@“ comprising; ailegst Re iputiongput module
pﬁy@&ﬁﬁ}r‘)hﬁ@ éle%%ﬁt%ﬁy FRANQEAERS saﬁl 'ﬁ@ﬁ&brhaa%laB@:?rthf&@Hda master

for a wirel ess backpl ane extender for a distrib
ba@ﬁd@m%Foruaxpfunwg@mfpnputé%w@rﬂatﬁ véith said insiustrial controller through

saﬂ:“'h@ﬂ%?&rkoéha “aﬂl:l 5’3’&&@3@ R Ye \g ?g?ﬁn%ggfaarﬁf elelffically

present |nv 1on pr arstri
connqmued mjs;qumnels\ynslt aaaiapd:mmidl salcm; least nBé muk/oat]bapmduie by said

I enot e from eralve nnect ed to,an
mode sk e sttt AP ERtuER attdn oYV PRt g Yaced
frdiﬁtf\[@mlést@ﬂmﬁat}’buﬁpﬁt péHibh BAA cd)rnpntnéwﬁga,ut PUudt l@@ﬂttdr@nmput/output

corrprl sin east. one i nput/output nodu

Y RJ%!C%"Va@adeﬁl@eﬁraca lyalcognestach et éds@r&a@albéd"rﬁ’@“ﬁmq@d a
se@&f’t‘ﬂhﬁﬁw %i&g@ashc@pﬁ%&taw an&%@ﬁ%@}umeﬁﬁa @%&aag@ast one

I nput/output data wth said 1 ndustrial control

Inmu’cmu@ﬁ rsaciitde it seist kersiertphaskplangidang pririmeary wikerass @skplane
Imﬁ%e%%v@lgzc%hﬁ@étanﬁn% Sal 8ﬁ82§ 'v9 ?éli%s)é é:teEget%t%ﬂj Eﬁm%"i‘/ \ereless

I'EasE - one T npu
denmd;UWBerhm sad Gt nexst ene hnmk/kmlut]maa maﬁlﬂ;aeobaaﬂd second mput/output

ut physi c arate and s
et BB TR e o Wi e PR EGcuEr Bikn said
seﬁtant BAHKpIPBEsdid @@édr@ugpwtre|e§s5dém@wssldmmsarv awe}esarbéckplane
el ectrically connected to a servant backplane; and a

linkes@ishRringrywireless devigensaicemptigs badkplape aRd 5@%‘@?‘4’9"5 Arpgrer.
connected to s%ﬁeﬁgegﬁﬁfo,pgpm@gpgwmgsout modul e by

sai d servant backpl ane; 'and a primary Wwrel ess
bacHﬂjreadeaelopmﬂenbp@nmseee:bmp@m@ndrayrageeme@te@ﬁmmnents

an%o‘gf\,g?ﬁﬁs g&#; Qc\fld agra% e% Eﬂ:s:érfggt%;?é’m J{rgfjeﬁ’g& g‘?q\é'dﬁ&?nts of &vhlch
ares gisdoskdi ligpeih /aad tshown ir2theivawings tlwttfdjrang@art hereof, Whereln
ot By 98 AR SRS AL RS o, o
dlgmmé@ﬁﬁ)dd@v [/2Psysteth Ralhd BB Métwhrk @deser RaiisRIrpAfmunicating
ink, said primary wireless device, said nmaster

on@ataaébplaﬁ%t%mﬁ annareatarhakledd@piadulespr i ef Descri pti on
of e PIEYASS is a block diagram of the distributed I/O system of FIG. 1
showing the interconnection of the adapter to the I/O modules via backplane data

conductors and slot address signals;



The devel opnent conpri ses conponents and arrangenents

of conponents, 25 and/or various steps and

arrangenents of steps, preferred enbodi nents of which
are discl osed herein and shown in the draw ngs that
forma part hereof, wherein: FIG 1 (prior

art) is a sinplified perspective view, partially in
phantom of a distributed nodular I/0O system having

an meGwWa Kprdaprdr i atraplified) disgrammatiatilusiraben ashowing the

3EIRL %P1 W LIRS AR s

coftirSitybiept et tebév&yinpenirah ahll Gends ciygwtito gn tifistrial process
i nterconnection of the adahgter to

bacKpFah ripRes) ohereret's ! ﬁtaatgqnd%f aﬁd‘Eﬁh@E'?l gﬁtgﬁlgfgn cbntrol

| rgi@fibdted SMSAWTR idpugeu@Les s’t@ﬁmﬁvltﬁ a conventlonal
Sy%leﬁulsr‘t%lrugﬁlpoﬁ d c;vm ﬁg t he |stpr ?bﬂt?ed ?mdul ar

bagkmsarem exterrdlea formgd ar {iC(@fdaé\ﬁe oWEpalthe j H'fﬁ?t@‘?tr ,cgqvelopment
automati on control systemthat receives input from
and sends output to an industrial process; FIG 4
(prior art) is a schematic illustration of an
i ndustrial automation control 5systemincluding a
di stri buted nodul ar i nput/output systemwth a
conventi onal backpl ane extender forned in accordance
with the present devel opnent; FIG 5is a
schematic illustration of an industrial automation
control systemincluding a distributed nodul ar
i nput/output systemwith a w rel ess backpl ane
extender forned in accordance with the present
devel opment ; FI G 5A diagrammatically
illustrates the master (primary) and servant
(secondary) w reless nodul es of the distributed
nmodul ar i nput/output systemof FIG 5;

3a
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FIG 6 schematically illustrates an industri al
automati on control systemincluding a second

enbodi ment of a distributed nodul ar i nput/out put
systemwi th a wirel ess bactcpl ane extender fornmed in

accordance with the present devel opnent; FI G
6A il lustrates another enbodi ment of a distributed
temwfh wi rel ess backpl ane

dul ' /
ext endd: POF feoPhealie A RHAIRTEOLPY dURETab aakemation control system

exten

dpiating g Ndistributed modfia ingutfdutit %\ﬁb‘é&ﬁ i @[ﬂ; |e% E\{}Eéclgss backplane

m xed- envi ronnent application for
nedendsr forAedtin ecegrdanceyithelhe resenndevelapnesd; backpl ane

exten feqr [ c i th the presen

devel gggrfen : %%’Hﬁﬁ@ﬁ’sﬂ%’r a!p‘élgcaq W?ﬁt?rugi’?'g?@f apd servant

e(zenoptiaryrafisteds modules of thddistpbiteamiodu@Shuobiiedyesn of FIG.
vi ce comuni cates with the various secondary

(Servant) wirel ess devi ces; FI GS. 9A and

9B i | Fest 6 at@RRxRay ARishetest fie iﬁﬂ%éﬂgéliygigéohﬂti%ﬁsc&}ﬁ%l system

secondary 20 wrel ess devices M an

fr&@}s'@m vegopd anradiment dasdistriptiadrmedular inpuidouiput system with a
" Lt h

s bncPlRE SR AL ioMnB A ani g e B fevelopment

i ndustri
modulFG16A fiitustratiisranother emitediment of4 distribltedneioails! Rbut/output

rk,16. .The data network 16. may be any one of a
ﬂ%ﬁ%@ﬂﬁ&a %f%?%?a 3@5@?’%@6 Egrbdes) fogned iageird@igeswith the present
developaieng but not limted to Control Net, DeviceNet,

EtherNet/IP, RO ASi, PROFIBUS, PROFlnet, Foundation
Fi el §as Zrillugieates kan agxampe welxeckemivonment happlitationf for the

o S o RS HAR By ome

i aeaorddrice withotheqresene devdigpendpt a from the industri al
ut data to the industrial

cont ler or_to provide in
cont F]§.|glrgraphlcalh}o llﬁjstrateS an example method by which the primary

(master) wireless device communicates with the various secondary (servant}
wireless devices;
FIGS. 9A and 9B illustrates examples for the primary wireless and secondary
wireless devices M and S1-56, respectively.
Detailed Description
Referring now to FIG. 1, an example 1/O system 10 for use with an industrial

- controller 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 /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 controlier
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to be processed according to a control program The
network 16 can be hard-wired or wreless.. The
adapter nodul e 12 communi cates with a backpl ane

circuit 18 (often referred to sinply as the
"backpl ane") to connect it to one or nore |I/O nodul es

20. The 1/ 0O nodul es 20 connect via I/Olines (e.qg.
etc.) 24 with

el ectrical cables, fiber optic cables, -
tp e REAcETsed @opreing 48 axoniiRl RRIRAR BBS Rebrarkilgecasrbe hard-wired
8t WRblestevi ce or process, or several or portions of
same. As is understood in the art, the |I/0O nodul es 20

convelhe aiapiarainodaleal 2 emsingicabes withha trmkglphamecdiB 18 (often
nal s

A9 BB 1T 38 ar® ARbR g moduls 20,

Thepl/O madmes EO@nn@tmsﬁa /g hrmsqe@s,Selé’@ncaT [h@bles Giber optic cables,
Skﬂesmﬁ trﬂil rl% al so receive digital or anal 0g

{ Q5P %0 Whihc@Esbo @ mashipg Ay effer device or

p?é(f@st Br dbetraabr %thbnguoft §zm1§ fﬂ% @Béf?g&ﬂ # e alhahe 1o

backpl ane 18 to the apt er nod
mW@am gpnvearbdigifal dataugcewad overnihedidcplané/d@uframi the adapter

ol 48 XSRS A O AR GBS ror

ta e imiesm‘él prmwﬁozs ofhe pnaridates RY ity dlso rdceRadigital or

Itaé]e baok 8. The connectors 30 are each

%éﬂgé'@ e indystial Prorassi3f) and crVERasame de Hgital data

sélﬁ‘BIe ?Jioﬁﬁﬁsrﬁ@él tdheﬂ’{é ] HR9¢d e 1442 Fg?dh‘l#)ﬁulgolz and,
in ot nor e ul ar arrangene

ﬂﬁf@ﬁimdnilh@rmsmﬂbcmmt(ﬂieconneot ed with each ot her to

F s MEARRe PESUBNSoits 188 peoideck@Saciys o 28 on cach

I/oudodsls RPwhichemBe beemated with dnf drieeosh %H@ro'#kbﬁhectors 30
bus_enbodi ment, connectors 30 receive parallel data

exirnding, fignt the dagkplang, d8. Iiec Rornacko 5e reagh asperiated with

S oWl G455 8o T Wik g e 0

ena

madule 28 t Ax nbled, i Gthevdoioee Atbdular antangbrichts, diad &omodules 20
or fromwhich

ard R B BRISHE i OB Torhet e padoion AR b Voo
goﬁa%ﬁnoh%é‘?@tﬁ‘é’ﬁéd]@tﬂnb' £ 2 §a§55§ fﬂlﬂh@? tife l‘?l%g Iteg Qt@ ¢ ghrtlaggselves

read/wite.line in catlng I mng or a
acclr Hienghown paiatiel hufegrnhedimem,omnnentm&hr&celvlarpmilel data

bu ehFARE) 2l i Y BB et PRI, oo R adress

signale 134 windh ate @akBlelUsne 80 ReaARY todindkiafe Itﬁ@lgldtl dnd Rence the
or timng of the data 30 bl ocks being

pargifat 1O modile 24 far whith the dotof tda s eandugiomy 3 1S ntended
or FBAUWRIdE ét%cisv\?@ﬁg d;&éégf;ﬁ&ét gﬁ%&&ﬂf %ﬁé'g%alg 32 glso inciude

conmmuni ca
conémotlinks ldtaucangamimkgmﬂ mati]w:ﬁﬂ&dlneehdimﬁng]@mnijffer a data transfer
fwor K i te_rface n turn gonmuni cates wt

a@fﬁm 62 tegliaues e k#ﬂ%ﬁn&@et% n&R v kalmaé?feawal bus
emb%'illrh&ta nBt SREWS °§Io§§d% g%gl?ﬁ{é&éﬁtzﬁcﬂe? out B!oﬂ*ﬁs sent

i ncl udes a buf fer

ovega Selialrriata hie cannerer ar areginyplict nmﬂnmorcwmgmrmmc_m ef the data
38 to operate on the data passing on the

bioc%p ﬁigﬁtbus 36 according to the nethods of the
present invention as will be described. The adapter
nodul e 12 al so may include a power, supply PS or an
external power supply can ffed the nodul e. 10The
internal bus 36 al so connects to backpl ane data

interface 46 and
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backpl ane address decoder 4-8. 1/0 nodul es 20a-20c
(indicated generally at 20 in FIG 1), when connected
to the backpl ane 18, communicate with the data bus
conductors 32 and slot address signals 34 via a
backpl ane i nterface 50a-50c, respectively. In the

nmost general ternms, each 1/0 nodul e 20a-20c conprises
connects via I/O lines

/01 | rcuitr hat
o4 vi Rerermaoy & F tb%%éépf%m Wiyl Bihusies ¢ network interface

@ commufirbghd fA8l ﬁh%dcdi’l‘h@étoﬁ hg ﬁéa@éiﬁhé‘%‘ﬁdlﬁn g'ﬁattQ%F(changed

adapter nodule 12 into output signals (eit
d\ﬂ%mﬁ agvark 16.1 Brennsbverkbinterfage 3o im ot cmmfmmctaées with an

e boebg iS5l ARIARhon i S8} Sl s ond

or anal og~si gna
semaydkerite nenboy digintiates atffen n&aml\ﬁdéﬁ@ﬁntg mput and output
8 to the adap

ssion on the 20 bacj Iane
%C%P an operating, PEOIFP 44(:8 oyllq%,t iQLOCESSPr 3% @p operate on the
ﬂ@ﬂub&sﬁl@aot?(lﬁe iReeHR| 6{5‘3‘336”&@0 téQﬂe5|Qfétl{c%%08f the present

%Enonent denoted a-c to refl ect particul ar

o8 as will b descoiRpdni gt @@P&ﬁi’tfﬁm&ﬁe |1|2t alspanay mlude a power

TR TS o MLLRCLEEPONY SR BRSO Ty o

p
whi ¢ The nidiedeal  bus BF& erlsopcomnems B Haliplate cmnal iaterface 46 and
bus a- 52¢

PR st 8, 1 modiis 2Ders 08 sndksictammeraly at 20 in
GOV ), defien @udhectdd ftb i the, b RPIURE &@%oﬁﬂﬁuﬁttétbeﬁtﬁ%e data bus

necessargl for the interface to the control
Zria@d prlel addigss signabv 34ayig ar@n@kglar%mtsﬁacaaswsm

RSN AT, s B0 T M e o 1

ate
cinattoy G ﬁidtO(ﬂy:s]m&t&OwafI/GII%s Ma&ﬂim 3 tﬁzooritﬁi_llédlmﬂc@ﬁ 26; (i)
ul es i

adapt e and five
oSl Gliglhl detanraceiyh daver M boeRPIRRC LA Broit Hh adater produle 12
infy é&@ﬂt Eighals Q&R digitd drhiPalogy e s Forit sREME S nection to the
industrial process 26; andfor, (ili) receives digital or analog signals from the
industrial process 26 and converts it to digital data suitable for transmission on the

backplane 18 to the adapter module 12.
More particularly, in each I/O module 20a-20c¢, backplane interface 50a-50c¢

(each component dénoted a-c to reflect the particular /O module) in tum
communicates with an internal bus 52a-52c, which ‘communicates with an internal
processor. 54a-54c and memory 56a-56¢, the latter which indludes a buffer portion
58a-58c aﬁd an operating program 60a-60c. The internal bus 52a-52c¢ also
communicates with I/0 circuitry 62a-62c that provides level shifting, conversion
and filtering necessary for the interface to the controlied prbc:ess. The processor

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

with a state machine.
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More particularly, an industrial controller IC
conprising a scanner S connected to the data network
16. As is generally known in the art, the scanner S
provi des an interface between the devices connected
to network 16 and a PLC of the industrial controller
I C. The nodular 1/0O system 10 is connected to the

network 16 via network adapter 12 and is |ocated

r enot BIGy 3 Hlgwrathe theomnveniienal modutes 140 swterh80mfddGar 1 and 2
) et . . 5

(hELkg Al nd 5200 T SRR, RECOARR280) o part o

o rindusiviad djutoratior rentrel rystem firecordcbllingr the/ MdaytsibE Process 26.
les 20a-20e t hat

Hr BATRCLBET, R iRl s 16" Gt swomeers oameected to

. R dath @etvidk Cig, C uktis lg/éhoérlﬁlhﬁm&)n & tH&tBRUSBRner S provides an

20a- 202) connect via ines 24 such as cables wth
In ewganihe devices carngdasstoopetveek 28mndoa P of the industrial
RheeRSSIE6. SiREGl Y I | | 1S onyert .

di gi Eﬁ%rl I@datg{e?ecei vale\c/}?QSsyfs Egg'ﬁ]ig)gt ?%’fr%gtretdl tecgfea'ﬂgﬁvor k 16 via
nesvor adagteapt 2 and Is ilovatedotenpotely Sramahe coairdleerIC (as shown the

L gital, -0 al o). for. Jjnput, t.o the,industrial

ol 2005305, 38) s, et vttt i Broiess 2, e., mounted

directly. to thalrighindTBéiRg Ton@ellcddt Asshoted ShdVe, 4he Rl O system
connected thereto. Likew se, the

di 0o devi ces tc.
10csoemries mulipla HEumodiiar g0pzR0 Hiaksarsiyiagnaits the ostapter 12
; ) o RO 4
o e S T3 T B0 698 o880, e 200-20c
cannest ¥ia ¥Oclinesa?dl suoim\asr dablesrwitit dnplitgirt @btpdiafield devices of the

e b 2k Bl B A L i ot Bt ot rceivec
OSSN GRPONES 12 15 AL iR A gl o
anging tfoi fpub dathe industrial |soraskes 26rvia lises 26 ant theefieldCdevices
(I SO RERYS, S AATE RERYET BB o2 %l comocted
theretovertiikewisd, thedlyOacirtui® C receive digital or analog signals from the
industrial processes 26 via lines 24 and the field devicés (e.g., sensors, switches,
detectors, timers, etc.) and convert same to digital data suitable for input toh
controller IC via network adapter 1.2. |
As described briefly above, 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/0 modules 20 to6 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 tocation) and a second
portion 10B mounted to a second part 268 of the machine 26 (or, alternatively in a
second enclosure or other location). The first portion L0A of the system comprises
the adapter module 12 and the I/O modules 20a,20b that communicate with the
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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 |ocation)
and a second portion 1013 nounted to a second part
2613 of the machine 26 (or, alternatively in a second
enclosure or other |ocation). The first portion 10A

t he system conprises 30 the adapter nodule 12 and
AP (T Blet 2 obs, BRPRRREOTOMHR- - Ha Sed0p AORion OB of the
agapmeEorRtdt &hd /9 ﬁ‘ngghi(%tzwﬁmlﬁgem%?%tré %nﬁé d to andjor

The second portion 10 hé sy'stem conpri ses
CP@paiRia b detinzna seaudimekplang seatiien d8n ok tahle ms&mdems between

SROTE TGl BbAR RudTHRRAeANE TR RS cieoBacPhine sections

ABA, B8k dor dsal trundfet aieremmm t A nbiagkghovag heaetér tackplane

Sbor Bhe S L2 Lo BRIl p LSl hea, 08 ROLER cuch as,
&.e l@éﬁv@lylﬁlﬁhh@éﬁ ﬁrﬂk@ﬂ Qﬁlstﬂﬁc%e?éﬁo@?@ btk t?:Pfg?a?jatton of the

such e.g., relatively high cost, limted di'sta
ql%@@gl sgnﬁ{:jt gwr)e copggslivmatpostbitiiest fioe epvieymentall contaminations at

thb 9%BleSto-HY ck a ﬁﬁééﬂ%ﬂ Bﬁg&:%ﬁéé ﬁﬂét&rs&néé’ with moving machme

envi ronmen ontanm na
padbloeotitermammmmala"amS:tl on points and interference

W th Y, machi nge . t.o rts ,or other environnental
e e 8uP3! oRlr n i TAE 3 wickes
begg)\l’ér{eo ektRHbers 10 Rrddh in afc@élﬁﬁﬁceb AP RN Hr&sehe rtfé%:opment

formed in accordance with the present

Edespéias pwwmrse@@wptar@éorod@enm dhe nrmmlaamwtmﬁoutput system 100

RBP4 RO B DAL L, 198 dfponers o

munnied with eefersroa menitera teati e i1dOngrehtce dha thbse used in FIGS. 1-
2 en&ﬁ@r&%gb e{;u?tpbp g)t/sbg%efogrgg pg:[t%?’ta%r in}:insatrr:altahu%g%auon control
network for controlling the industrial process 26 having first and second portions
26A,26B (processes 26A,26B need not be related). More particularly, the
industrial automation control network ‘comprises an industrial controller IC
comprising a scanner § connected to the data network 16. The modular I/O system
100 is connected to and communicates with the data network 16 via network
adapter 112 and is located remotely from the controlier IC. The modular 1/O
system 100 comprises multiple I/0 modules 120a-120e that communicate with the
industrial controller XC via network adapter 112. The /O circuitry of each module
120a-120e connects via I/O lines 24 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.
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4. The nodul ar input/output systemforns part of an

i ndustrial automation control network for controlling
the industrial process 26 having first and second
portions 26A, 2613 (processes 26A, 268 need not be

related). More particularly, the industrial
automati on control network conprises an industri al

controller 1C zo conprisi a scanner S connected to
t he d¥HRCONENUBOKEREsENCefa F?i‘gowa? modgyag J4Q eyatamdLQUscomprises a
@i‘%ﬁ’ 4 do @%nf&:mfﬁ‘@' tirgiI g&g"iéﬂ” of)?gt% gz‘&cﬁienﬁoe%gqnlﬁ a second

| a networ k adapt er
nqrmn 186B ovounted ker deCondrhert 26dBubiathel harhdyes 26m ’III&OT" rst portion

SRR G PR mlibt B et ot oo g SRRl Plodpie, 112 and the

Ijet matilesd 2061200 That hennhurfRate eutht thy sefapBrahodaie l:JiQ via first

25 120a-120e connects via |I/Olines 24 such as cable
(Mester) hpkplape eastiphitl THA) thels 1S PreRBnech oF rUingd) by the modules

AROLEES 1§5ba”q'he( %‘:écoﬁ@ nﬁ(?r%n i g0 e dR hddeRe! M@d system 100

from cdntroll Vi a wor kK adapter 112 i1 nt
Coupriaes magdéﬂ)sn(oeluteﬁemmgﬁaﬂdflaﬁe aﬁ@tog)e fconnmﬁfpfmto and/or

cbefotf sh AR i ol PR Pl s 1, pBfe moduiar vo

Syt SE00 MrtigrocERpiises2 witdledsi ekplade aeadermﬂwem defined by a
to digital data suitable for 30 input to controII

wirglegs mastef deyire Ad. Op &xlsq yeferreghte RS @gMIMayi Vﬁ’@e ess dev1ce' 170m)
anch iieRes sér%gﬁﬂ Gevice 1708 Igéi%g B’éf@fre% E{?g% %fég%?c%%@f wireless device

conpri ses I rst pOI‘tIO
1708t Teawindlesshmastec device 2@0am formssepatiaf g firsh pok®nBLO0A of

26B..0of, th j 26.. Th
nF RS 31 sSsrETOR00 o h abrair SR RE] e & f gl defines the
firsobadkbRAE debBorf dAB e FormBsk:| &ndl pgwan domhfinfcatidoi® therewith. The
nodul es 120a, 120b that comruni cate with the adapter

wirgless| servare device 179s (qmgt@rgar!baéllcm@@@o%@pmﬁl 108R of the .
f rs
mﬁé@;‘f 1¥§a§f§‘8’g.1q¢%"§ e'cs: gﬁ%ﬂ rz%%% )p}foﬁr{%g@éoof 'teﬁ)gmr?g& uqegrn es the
sedon® ba;kplgm i@(ﬂlotmmh B Sersdatheantd/ ﬂagmndbhna:/tion therewith. The first
120 20 Oe that are connected to and/or cooperate

on At 6 Tiesiusbath LODLRGRHE SIBHOIPHET By CPNEsFIRgae Sdapter
moEU% i‘i’ﬂ'(‘ésaéhdvél@ and/or one or more of the I/O modules 120a,120b and/or
the wireless master device 170m to a source of electrical power Py The second

" portion 100B of the system 100 receives electrical power by connecting the

wireless servant device 170s (as shown) andfor one or more of the IO modules

120c,120d,120e to a source of electrical power P 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 Fg. 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 ControiLogix platform and the wireless master device 1I70m is
connected directly to the Controllogix backplane. '
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10 system 100 further conprises a wrel ess backpl ane
extender 170 defined by a wireless master device 170m
(also referred to as a prinmary wrel ess device 170m
and a wireless servant device 170s (also referred to
as a secondary wireless device 170s). The wrel ess

mast er device 170mforns a part of the first portion
and i s operativel

100A th du O syst
The WARITR sl ddy e St Ard e drelessrsphent device 170 are

conne

alapteliaiocestdslich ARerbb8ivdea dafeRsa HRACKINRS link 11 V\\/f that forms a

communi cation therewith. The wirel ess servant de
flaps ce fB‘f"Hﬁ’C%\UCﬁh pathofor tsgamigss &Tdiprﬂalowaaﬂmob tlaitahbetween the

OB SR 100054158 00 40 KL AIEGH ien,

to or partia

wirgless backplana Ilahdmonmnmei:tadmfremmw(m coﬁhectlon between
ves

LB B, el oy ek M 7B A 205 6, st cevices

érlaz;h()ava a‘slt@mp}ism@@éﬂfec@@arﬁénﬁﬂéf £75h, im tHa@tr%HgMiteaﬁd receive
é ?ﬁ% and/or the wireless master device 170mt
6 - electrical power Pm The second portion

100BTRE hiGesy Bh I&%OlfﬁFQﬁSWS égte?l‘égéﬁg‘lgh@@m%&opd\(ng to any

connecfing the wreless sérvant
Syﬁ@Mﬁ)Rraﬁ@ndr pmﬁ@ccxbr bubbisepeferablg imp@merdet excording to an IFEE

oot 0 B Sun Whetine FnERGH SRh . e doeoth, uita-

oul
witistiand (LIWIB), Clequiedic oppiigt spileall N B AN GEHSS), an%"cEj%quence
limnate the network adapter 12 and ‘net or

Slaf@ﬂﬁé%q% (88594 oshegenal frepugncyiivisionaeuitiples (@EBaneﬂt is not
interRied rt:ﬂ‘éﬁh@?fe@@lbém@ﬂ@ﬁé t&&@g( gﬁ%ﬁr%‘%ﬂ gﬁ{}@mﬁland others

the 1 ndustrial ntro
cafbbe ustd withattalepaitingHrom Utbd!] oecrat! beop¥eandEneahit @ the invention. It

W reless naster device

d
s PR tamsgeds R chd hefere coripiats ke e b A
othecsimabRemeans, e.g., |nt'rrﬁ%d’\érfcﬁbtﬁélshg@%éleﬂ tr]aézgl'iﬂ: finks, and

and the wirel ess servant device Os are a
others g ke utilizedewishouiedeparting et thch aedrpll amepd: iand IAEAY\DS the

njehRln; crraRafoler 87 BeRlsr 3hhet: BEkllaatie Hather the, pircess

devieen iy OrdiAdsanen sbe talened 13 8he ]alfiab%r—tc%(-ﬁfeéﬂﬁ@elﬁt:onkshlp without
pl ane

ferred enpodi nent, the w rel ess bac
def @Wmm%@@feau%d%w%eﬁﬁsne@qrmelm B70m,170s can
SE S 6} B RS B HE L1590 Y7o, ot and

170m 1/0s an as suc
thee berpisi Shagier’cane Csevantnae used HERSM dré2aott hﬁ'énded to limit the
The wrel ess

t d the RF s
deyd @ o™ F mesie ?%%\?fe%gaanw%ﬂf@ﬁ@@m@cam.rﬁws o as a
“maﬂ‘t&r—élé\/@’u Higidhigy wheralonly & tgcﬂﬂggtfpﬁe i F?lfﬂlﬁ " 24 Vinitiate -

| ement ed accor di ng to an |

conypgmg@q;qn orethg wirgess badkplanedinki@W. such as, e.g.,

sp:rk%gg spec‘tﬂcI trm %%W% Sﬁfgr?é@%ﬁpﬁgﬁe Tifkc 118W-is

umplﬁnmntew o RESEEs (mmaege@pbommmﬂay oft 'bécﬁplaﬁe data between
i ntended that

‘mul tjplex (O:DI\Q IS not
&Péh% '}tmqeéﬂﬂ?e% o 140gnd0sy| the Wi:laial etsrmsfer protocol
rmp@h@n%@bn Fhe vﬁh%EPBCO i%m% &&iiﬁé\}’l:@%@i‘% ﬁ\%@ﬁ én[l]s%ted on

fromthe overal nt ent
It is also not |ntended that the wirel ess backpl ane

link 118Wbe Iimted to RF signals; other suitable
means, ‘e.d., infrared and ggher |ight wavel engths,
ultrasonic links, and others can be utilized w thout
departing fromthe overall scope and intent of the
i nvention. Furthernore, the naster-servant

rel ati onshi p between the wireless 20 devi ces

170m 170s can be altered to be a peer-to-peer

rel ati onship without departing fromthe invention.
such case, either wireless device 170m 170s can

_)

In



10

15

20

30

the ternms 'master and "servant” as used herein are
not intended to limt the devel opnent to a

mast er - servant arrangenent (sonetinmes also referred

to as a 25 "nmaster-slave" rel ationship) where only

the master device 170mcan initiate comunication on

the wirel ess bacicplane |ink 118W Regardl ess of the
protocol by Wich the wrel ess backplane link 118Wis

it Iveralass cpckplananlinks | BEBW( viet ersepsulation oo riheintheamiiefess link is

ChrpBsPioReABlE RECIBHA LRGSR B AR Wiwone secton
LABANESE ad: osedt heramsfedddiadcd ghamens tsﬁio'rcﬁﬁg t? any suitable known
e wirel ess

118A,.11813 is al so j npl enented on
Bﬁ%ﬁ SR 7% - DevieeNer, BUBYGEL HGIHIBYS atgatThenwireless master
devied esEam Ndad ORRtctd8! s@akant. Al .
FI ({3 5A, the ha?géwﬁ?ed ba?ﬁ%%gge@%{le%t i%%@li@%&&rl}?spedwe
QI@reideipnydecapandiosr megulest b74mel 74 thad cowepsulatet data received

0 41 QRIS 6 5B 17, By P sctons

1deBA, 34 8W.0In thidimeheeryithe Wireless baokplahe tak 1I8W BRRaves identicaliy
i on/ decagiu_l ation

i ] t
S 0Rickdnd SABR ool vE dhdave A BE TR dusvAd 11 om
and HegAaRTilksBiae ad@nmtion élﬂmbhﬁ\:@ﬁﬁﬂshwg%&t@ h@tt%mné shown in FIG.

hard-wi red backpl ane sections 118A 11

. M, pl .
SnBrinetitical et e wireless baekphnaiink 118W1hawwtbblished snd maintained
h, as

. . . . . |
ot AU Kt PR WE LR e 470m o
eﬁ[m wmsahssn Eéwmm/mmempsh@tm;tnﬁa&esmFV@W?ééﬁﬁW lihR quality
. is cCr C a e wirel ess bac ane
iniciors 12011765 ki o6 e ViR A or e uaity of the RE
orofthieWirefds§ Bha by WHIH thel Qirkfaad P&agfanéhﬁkvﬂfiﬂﬁsesmbnshed.
mast er devi cé 170m and each wreless servant devicé ,
Inlth@si”llﬁbﬁitﬁd gubedigent; tthedndicator326mi, 1764 ebcmkomprdd & yluratity
iy ey 76m 17 5 t hat id i sible.
o 856355 RAE 0oL 55 R 58 BRSNS v
sigrial beingbreceiied: by tthe Wasiek & Ssdb@flk biRiess! dévrceligm,ims is of

In the illustrated enbodi ment, th

su%%‘t@%? !ééf%;@q 19 6p7d 264 recaive erhackelanadgtauanaihietwirdless backplane
fink- B SivOfor0% délii\}enmtﬁ%ﬂﬁ%%h%aérgggﬁgﬁ%@%gf%%gﬁpgdto the

observer t etermne 1 n

adapter medulasti} and, leace e industhislsengeldr@e. 170m 170s i s
d receive the

f suffigient strength to- send
bacidf anlludiatss oAl de smboclioantialcr distrbiedoaduar 1O system

bac

1001 r Y &hiN ' f b mbfd .
00 00 xebt 1 g REEATEAEL 0 g o,
distyihtesk modulae tput/oltmit system with a wireless backplane extender formed

in accordance with the present development comprises at least a network adapfer

~ module 112 adapted for operative connection to the industrial controller IC via

wired/wireless connections 14,16, a wireless miaster device 170m electrically”
connected to the network adapter module 112 (alone or together with one or niore
1/O modules 120a-120e) via master backplane section 1184, one or more wireless
servant devices 170s operatively connected to the wireless master deviée 170m by

11
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FIG 5 illustrates only one enbodi nent of a

di stributed nodular 1/0O system 100 forned accordi ng

to the precent devel opnent. In nore general terns, a

di stri buted nodul ar i nput/output systemwth a

wi rel ess backpl ane extender forned 25 in accordance

Wi th the present devel opnent conprises at |east a

net wor k adapter nodule 112 adapted for operative
Gonyietass o hatkplanize link JLEBW, aance @it leabtl @inel QOvimmodule 120a-120e

ShsBicaM 6B FRRuEe PRSI Ranlivkeiun eh SfeaGetigRe modute 1705

aaﬁeevanmﬁukmarilel&cﬁ@rh QNEBOITt Loy Eilie %ehhché’cn@ nffin advantage of
ules 120a-120e) via master bacicpl ane.

1./0
r%Y%“ﬁmlggR is Jhat Ee haekplaper 48 cafsa Jpnventioaat mbeviac edistributed
mm@/omt %%téﬁn' ¥0 aﬁ%@qﬁéﬁugmk&ﬁj gaﬁ:!e @T"g%,%geﬁa fink 118W

device 170mby a wreless
aff amedediregroint/ letweeiu the n@w@rlqadepter &2taridciakltgrnoinal I/0 module

onnected to each servant
W rg&é%ﬁ%ﬂ%%ﬁ%? a servant backpl ane section
1181FIG! 6 dihsirbtessabexanple hatuch BRI AlepthtRat &8hdenent for a

%%H tem OO|sthat t he backpl ane 18 of a
L e VA L A g"fﬁ'%tba@éﬁ'm edyrder formed

ie
g U B SR ol O o o

fegem prdustriap raardnneﬁ@/mrer:eﬁs&a]) 2A6/0268,26@ (shich @® béehe same or

R adind Brice, o0 e Frerisb i HE 4 3 BRuiiogess 26 as

patichil zar indogtit! ambmatuoﬁy@tmﬁ(vmdnhpr@my 8¢ IRRSrAPEKHIMBEIC and

"~ _extender forng
scanner 5 connected to a data network 16. The modular IO systern 100 comprises

a network adapter 112 operatively connected to the industrial controller I€ and
scanner S by wired andfor wireless network connections 14,16 (the network
adapter is shown as being located remotely from the controlier IC but could be
located adjacent the controller IC, integrated with the controller XIC and/or
connected directly to the controller IC). The modular I/O system 100 further
comprises muftiple I/O modules 120a~120f -that communicate with the industrial
controller IC via network adapter 112. The IO Circuitry of each I/O module 120a-
120f connects via I/O lines 24A,24B,24C such as cables wifh 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, (if) receive digital or
analog signals from the industrial processes 26 via lines 24 and convert same to
digital data suitable fot input to controllei* 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,1008,100C mounted
to/adjacent the processes Z_GA,ZGB,ZGC, respectively. In the ilustrated

12
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to in accordance with the present devel opnent for

i nput of data to and output of data fromindustria
machi ne(s)/ process(es) 26A, 2613, 26C (whi ch can be the
same or different machi ne/ process and are referred to
generally as industrial process 26) as part of an

i ndustrial automation network conprising an

i ndustrial controller 1C and scanner S connected to a

gabadimaniicinie rssterTirma tion AOOM coBisEinMhbRIapRIMRORAS 112 and
atively connected to the

e L Bl O BB bR T o e 112
fncdatn and/el peRenetanefck i@NARE! BRSkplkthel §16M) et;ésreymative[y, the

net wor k adaiter is shown as being |ocated reno

FRSRT PREFGELADOM catt abe inglude: o0¢ @F teoredé@tmddiule 428at120f that
|

EpsEdIg! oL St B L1 ol | C
A e e e Bal Aciveth W At ey Foghis 112 ana
hedwsier wirdess/sodute LOM0rhur THeema2@r portoni BEGMITE alsooRnected to

120a- 120f that conmunicate with the

. [
%F%Cgbésé?ﬂl&gﬁs%ﬁhtrol ler IC via network adapter 112. The
|/ O semvant t pottioh 480A | 4O thed ﬁerﬁz%d-zéﬁmﬁrﬁgzgquét modules
i npu

as cables w

i %Oié lLines 24A 2413124C suc
éro 206y ¥ 8f windlessonseryante adgyicsc e3209% alld: operatively
e L ; j ; Ll
VoGRS for o Bk FEREAF Sy S EBRNAIUAE e 1o

Vi a net.wor

mgdyles 212G, 120k} 1f)c povide inpptitiataotet bed/on desivel Blitput -ldata. from
I'ta

r 6.vialdinegs 24, and, (i.i) receive di ]
Y HGEEREIA Vig P snef G s Ptk ot 0B compecterb o etectrial
power Pa.nes 24 and convert sane to digital data

suitable for input to controller 1C via network

adapteEYant jportion 1008 ofythe systen fAth gompfiseseaceingle I/0 module
1fd¢§3an9'at1\4g I dégr\%nt'- eﬁ.)rg) eizg{% :{:f%graggg{f{r fgxfé’gon%ercr?e%t v%gth each

ortion and mul

oGO Clats pGRE powentiehsRH Hyosadamasitkplbhe 108BC a%2650 module
‘1%% ”26‘3’%26&%{@3 specti veldy. In the illustrated )
BEVifrdnPY @BA/Q5 SPeahvs QGDMY dalmframa dke pricpss 26B via

10 A0 R ORI R B Al 61

170m operati vely connected to t

f or Seryant perioo rLafhef ter systene 106 commisee /(b ariinles 206, 120F
n 100M can

ard il LR 08 T B S E gt aror

al'so |
powmeru trdnsfp ibg addrvane ehacRsiahe & 18, STHATQY ridaliee thqégS%Of provide

.__network adapter nodule 112 and the master wire
inpy, fatEctor agior Teceivenaitent dater from theomracess 26G@ wia 170 lines 24C.

; ' (. vant portion
Sery A B 0B B! WP BB POl B
120heraodylacno systna 100 falthescorapiissta wiksbshabiéifisde extender
O intercgonnected for data and/or

] ~operatjvel
17 dRERET - ieowralpss Erkstat devke 7 e (alseered tocss a primary
wirdl@gd e el ; ' ' fl

receive o%?%l]}? %ﬁgtag%?gggn%@#é&g r%@@ggd%v#@%#&z’HOQ
(alsp irefered 4r aseecendanpwirelesn dediods 120sHAROsPAYIS3). The wireless
masféreﬁé\ﬁéec 3700QY$Hd B wireless servant devices 170s1,17052,170s3 are
adapted to establish therebetween respective wireless backplane links

118W1,118W2,118W3 that define tether-free data communication paths for

i3
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Servant portion 1008 of the system 100 conprises a
single 1/O nodule is 120d and a wi rel ess servant
device 170s2 operatively interconnected with each

ot her for data and/or power transfer by servant
backpl ane 1188. The I/0O nodul e 120d provi des i nput
data to and/or receives output data fromthe process

268 via l/O |ine 248, Servant portion 1008 is
e bieditestional transfer| ofpbarkelaps . d@ﬁi\ﬁﬁﬁfﬁerp&iﬁ master backplane

4R66n of 18Me a5y zég%m Ot %@Wanﬁ%c#l&dé;& ce&%&ﬁ“a’r’r“ 118C.

120e, 120f 20 and a W re ess serva
ldgjer at YRy ianm erdeseribed edabave, datie andirelespowbsckplane ~ links
pl ane. 118C. The |/ O nodul es

SR Els Wt EESUA broaBb iRt il ety (Bt gapections
hbhwveerf rthen wWhelesy onester WG mohpalnunﬂﬁe %Féles%egélﬁaﬁt devices
%ﬁy;&?‘)]@ogﬁ connected to electrica govver .

| gﬁét‘ﬁﬁgléﬁtq@ﬁﬁwzmﬁkég %zr\lﬂﬂéBeﬁ‘@t transmlt
ahad@@éae@ﬁmeem:%@%! %‘gﬁel%f?e@ge g&gmt'ﬂg @g& g‘%p@{ﬁlig@wz 118W3

mast er devi ce so re
il he establighed @@cordmg)toazmy atiitabdd RFEhsgna] rmbt@ssl at vapreferably

SR sy 5 S L BEELSIASE 0,55 i, o v

secondary Wi re
sudihr &, ess, Blastoeth, ditva-osdebafi(ang)} ﬁ@qd&nt?'h@ﬁﬁm%%bﬁéﬁﬂtspectrum
I'i's

Fﬁi_ﬁ 7031117032 170s3 are adapted to esta

( \él;b'egg? “P‘é%epéelfqagesmqa'é'ﬂb@Sgﬁc Igstheaenali fikauedgy division
t

AL RO, OB g bt in Bkt o 2 porcu

wirelassspretocot and oifpirsucen det ascdewitierit depertimgstern the overail scope
of the_servant

o S AR B et 35 Db i

badigsiané birkab Wi er swoel esw P asken| andiishdd gkyﬁ a plurality of

118W, 118W2, 118WB preferably conprises a ra
copyru Loy chainelderied Tanor ge knawremathoelsamd systems for

sh Srsieg EP?%Z%SI ] ngrl]tg]cglléqeﬁﬁt R MAila 25V G5 Frequency

Jvmmmmkﬂacrézs FOMA) Ainddivislonamsaltiple access (TDMA), code division
multiple access (CDMA), spatial division multiple access (SDMA), and spread
spectrum techniques including frequency hopping spread spectrum (FHSS) and
direct sequence spread spectrum (DSSS), as well as hybrids of same. It is not
intended that the wireless backplane links 118WI1,118W2,118W3 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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and receive the RF signal. The w rel ess backpl ane
links 118W, 118W2, 118WB can be established according
to any suitable RF signal protocol, but is preferably
i mpl ement ed according to an | EEE 802. 11 based
protocol, e.g., 802.11b, or another io such as, e.g.,
Bl uetooth, ultra-w deband ((JWB), frequency hopping
spread spectrun1(FHSS) di rect sequence spread

baslselene Nk DEERIV2. GFhenvifsless magefudadye diZ0miand a third wireless

TGt 10T by pBon BB T B, s baciolane i

Iglewecgln ardi:rctlblf&tab!iﬂamdﬁde smﬁarﬁ ov fa?(tiﬂgo@fewmhﬁ@aﬁon, backup
romt overa t t o t he nve n. .

CPIRVHGTG Dot e dhabeuaBinEt] BAr SRR, e ralraaster device
ﬂ?%rﬁ%‘?\'@%é'%ﬁrdl W‘r‘é%sé—é&%ntlé@% iﬁ@@eﬁésnimaﬁéugﬁp% a fourth

Epfﬂura | ty of communi cati-on channel s derive )
RErwue dackpjanen hiih LkBRHe dheanihesyiselesss seryantsdevican d 79s3 and

RS Yoy PRGBS 81 W e
fitk rEL8RS. Fhisncombinatiohe 1A8RAsSL IS Hjrovidesia Baokiupi path for link
1 5B COfhabsans i sepiiainaless Jaks Fudh e dmiRf Befween servant

mboAGleY i 73 H8H UEFGY3 laﬂapwmglew.ﬁ@ciwtﬂemééncaé%’nt modules

and direct sequence spread spectrum (DScS), as
1#@s l70s3saref likewise. estabh.sbed]dj@ nrw@mgﬁmrtqommwn@hon paths that

o 4 APEETEA L3RS PR e ot ceve

170vy mndd aapdriRtdaer wirdlgst sepxerlt edeyides .1 20st] ERORD, 17053 It is
links, ot hers can b@hutl | jzed w thout departi

coptSTiblie dshare ac BElh AN, isser fedpdant whdless links
118RE NN ﬁgggsy ) Flbgggg m;ﬂ?gagég{ugngﬁgﬂﬁ Pﬁf}@w Wifbless links

as shown 4
1381 1802, 2 E8WRD o amithiraizei thet likdlihedd f & ccomsmtnication failure.

MRS B RB bRl e, ASBROELIBRE A Shahy ShE e ony
when a time-out or other failure is detected in connection with a primary wireless
link 118W1,118W2,118W3. It is also contemplated that the redundant wireless
Iinks 118R4,118R5,118R6,118R7 be of a different type (e.g., different RF
protocol, different RF frequency, non-RF, etc.) as compared to the primary wireless
iinks 118W1,118W2,118W3 to minimize the lkelihood of simultaneous
communication failures on both the primary and redundant wireless links. The
foregoing provides an example embodiment for simple wireless backplane link
redundancy. Muitiple fevels 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 respectivg primary wireless
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W rel ess comuni cati on neans. The wirel ess nmaster

devi ce 170m and a second 30 wirel ess servant device
170s2 establish therebetween a second RE wi rel ess
backpl ane |ink 118W2. The wirel ess naster device 170m
and a third wirel ess servant device 170s3 establish
therebetvveen a third RF wirel ess backpl ane |ink

t .
pAcens. o Ll Dy SRl o, PR oS Rotm wistar, apdrervant as
ased theesin @'eahxbt mhatiedFar llmﬁamﬂié elevélbpmsht’ € %S$naster—servant or
%t%r—sldew ce s 1g0m¥&|nd t tetFI rd_w rel ess servant
Toh B SSarkhip vt o Pocimers biess devce 170m can
Wizt QmARHOANGN | he kBRI badkiftihd R 18YPES 18W2, 118W3

servant device 170s3 and wirel ess servant
witg &h: em&é&ww&%m@u@mmﬁ,ﬂwmm rel ess

baCkFges 1 %&%ﬁ@hlﬁ@ﬁ%@éﬁf%\'ﬂ?ﬁh“sR4+1 |n a s@phf‘ed

rov
oy dnithe dkskeahedrﬁxampta’;‘ ltiees systemnki0 o oshpies hlifdRork adapter 112
and 17033 and

QRIAREN TR o S VoL FOREAIFRAC dréerraasr S by wired and/or
VIS, HotGR abMeidinae & SsaisLtielabel” Y bdl AL system

communi cat i on pat hs t hat are alternatlves to
ltﬂor CUBPIISSITIMT e IoasteadevieR Mrrchmuitipe wiselessasatreant islands S1.-

St 1A 190 R0 LSS LSRR b s
fielgf @wctesdzbaﬁ iusb cominiuegeate edtin danindoktiial esrdilep lIE Vi8 network
%%ﬁRé %i 118 118R7 be used in addition to the
% AUt m@éstem*\ms@mﬁmwtt@am Rilromprises IP-
20 ma)dméfqi/oft@rée@iocatébom Elél&a‘ﬁf.-t! Qﬁtfésﬂlré €1 the servant island $2 is

Al ternatively, the redundan
simpyra Machins-MosRe(d seaRT figld dasueet mm servaine fsiandt $3s @WNEMA 4X

oG L Bvich 154 360Ehe 19a BHA Gvmsbrisss pmrascor other
achumtbrefipldadevitel biad séhant REMECSS s Héﬂ‘r%deﬁfaﬁ(iﬂf??”&znphant block

118R4 SSR 118R6, 118R7 be of a different type (
‘Ejr“ifﬁ devise gpaunted tpr 2 maachineeor pthenwise Jocated in a harsh

enWéhnﬁEnt Sh§ tﬁe %%8%%8 %Gt 'rgnnllindjiﬁns@zsefy@%té’ mﬁ”ﬂ@% ﬁ@jacq;gd in an

I'i nks 118W, 11
explosive teavisonmsento nifhe | wisdlessniaier uleeize QW ib€lidiest H8nireless master
reless |inks. The foregoing

and, r.edu t

defib /o 8t L6 AR nblidE iBbeqt Sraipesanant! wisaiss device
1708Lkpr@sBas HeeriBed Bpswdancy. Mil tiple |evel s of

redundancy an be provided by suitable application of

t helbeCapr e epers thatsthectervanibisiands $1656 rave tof anixed types and are
locgtbgam nixdd EnVifdnBldrtd WP RETIRES Loihections might be undesired or
lmpractlcabie As such, the system 100 provides for a modular inputfoutput system
with a wireless backplane extender wherein all of the islands can communicate with
the master backplane 118M of wireléss master device M for communication with
the industrial controller XIC via respective wireless links 118W1-118W6 and,

optionally via redundant wireless links as described above in relation to FIG. 6A.
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wirel ess devices 170m 170s1, 170s2, 170s3 can be a
mast er-servant or peer-to- peer relationship. In such
case, any wi rel ess device 170m 170s1; 170s2, 170s3 30

can initiate communi cati on with anot her on t he
respective primary wrel ess backpl ane 1i nks

118W, 118W2, 118WB, and the terns "master' and o
"servant" as used herein are not intended to limt

the devgrigjnemiranmentsras ppplicéonsgrt can Henatitcal tedtaseel servant

E5hA b R RS & 2RI MLAG REL WYl Rl E3S SV at a time

deatalnpl Referfing) kewltbSMiG, 18, §¥\Rad Ha\V\Eeah mat hd Breless nnks 118W1-
w rel ess devices 170s1, 170s2,170s3. FI'G

*ﬁ&g ?e!‘a‘g%@\'slvmfww a%slirem@era;slﬂﬁ: ivieelgss rmaster flgvice M and the
séMl%h?”?siHﬁ@%' B1ds6! ARl %lt?a‘i‘ecf OBg‘etHen Jvfi’?eéé | 48s dﬂétat g&ordmg to

exa e system 100 conprisSes a nefwork a
pmzeterpumfai ting! slotsohndet eﬁua:lb at $ystdnmdhsg reqlires that each servant

KA ST b iy J6GHREG. 1 ol B erBhedineR, e wiress

mgstezrmbdule M angdsthenebiedie sepr Rt ivikfess rl%dtﬁé@S%SG comprise a
ple wirel ess servant islands

”ﬁrsﬁed%ﬁ% :rcgﬁﬂal\{lggggn \rﬁuelb'{@;%e% hsas ﬁmw't@ﬁ&nwm@r ardfer other
MRS (OSBRI C hfo SBA pster vc

musSt conmuni c
ang #rskenngr k unigap tidentifie? fof eachesenwang Ide'slse nﬁstaddttioﬂsto the time-

seﬂt;}lﬁw ’ort“pe%l-ﬁﬁ-nre\‘%"ta icgllfn?r'lnudnic%'iteﬁf i rt%rﬁg S’slo% q‘_l-Ts, it is contemplated
that the time slots T1-Ts will exceed the required bandwidth in terms of time andfor
capacity and that this excess bandwidth be used to send data that are time-
insensitive e.g., performance data, monitoring dat_a, log data, etc. In an altemative

- embodiment, such as when a spread-spectrum wireless protocol is implemented, the

wireless links 118W1-118W6 are established and allocated for use by the wireless -
master device M and the servant islands S1-S6 according to a time and/or
frequency slicding/hopping scheme where the wireless links 118W1-118W6 are
dedicated to a particular frequency or are allocated a particular frequency in a select
time slot to reduce the number of different frequendies 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:
118Wi=F1@T1, 118W2=F2@Ti, 118W3=F3@T1, 1I18W4=F1@T2,

118W5=F2@T2 and 118W6=F3@T2.
FIGS. 9A and 9B illustrates examples for the wireless master and servant

“device M and 51-56, 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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20 nodular 1/0 devices |located in a cabi net encl osure
Cl; the servant island S2 is is sinply a

machi ne- nbunt ed sensor field device; the servant

island 53 is a NEMA 4X (1 P-65) nodular 1/0O devi ce;
the ‘servant island S4 conprises a notor. or other

actuator field device; the servant island 55 is
liant bl ock (non-nodular) 1/0

def.i n an | P-67 co C
OB I oan Sanichired REAH RESEF, ©oncrwmbe] aek 8 lie. Similarly,
5@5!%%@“}1”1:{ @@Wheré‘ﬁgpdrﬁﬁh %f%l‘(?%uél e%@grofkgn éag'vay, the wireless

|ntr|n3|ca y safe nodul ar | ocat
SEKFENG IN9@lesnF 115 nemprishsen uberedalstahtm somigudatidncdevide such as a

SERAHEED Prohio FRRaTES pi i Gl d R Hihe rusasga-s6 and

aley corapisddsd visi8b stalsydwihaﬂ bﬂﬂnd@bQﬂShal feedback to GRlser to this
i sl ands S1-S6 are of m xed

e?@ﬁéeen that th ervar\t
§%nﬁ5¥§m€°'l EaPethe Ikeni xed envi ronmants wher e
har dﬂérﬁﬁe@%r}ﬁﬁ&éprﬁ 'Eb EP{S&E a‘hn‘és prow aesor MC that is

i npracti cabl e. such syst em

capreted to apnasto'ubmwlaoyeslbwww dhr@;tlwmtelthsmduwmkpacmpeer 112,

TR R oaBRE0 R Corthe joorl b B8 AETRMLERER be part o

oriao\urcmoiieﬂr oftwr dmﬁtmsnl Thti wirelesd bervingt hiddUREr $BIS6 comprise an
ective rel ess |inks

controller | C_via
el cPIBIEPESE, Op BENG CANTSFRA & 7 SeRVAMabACKRIRNE 1388 along with
ohé BKde WEShRGINES 12DAVE261 G 'o?tdtﬁé’r fidld ﬁeﬁce?é\.@ as Sensors,

. In certain environnments or applications,
mgtars pod ithe fie theli oiist eomanmidaée with the inglustriah terdrbller IC through
link with the industrial controller at

th%%%sﬁﬁéﬁt%  Referring nowto FIG 8, it can be :
seemstmwm INEFIBE! Shemd 9B, HHE rddstIM dhtiBi%vant s1-se devices can

ectively established between the w rel ess naster

a’%’e reRrise %{h@thFﬁSegx éféﬁ%ﬁ-‘!ﬂ be RLble inerfeee fe.6., USB,RS-232) or a

e r o e B e, e 4RS! B Qi bl it with @ user

pre
intedgce dewce P& (seacFEGs é‘) gact as al deskio;Llapbo maudméltﬁbom,outer or
i dent i, f referred odi nent, the

ot Bividel Snpriint o SisP NG « WHh Jbh T Jetediaps, siyice PC is
coMndced St P Wir&8ssSImStef OGP deh@inf Hﬁ%hﬁs@h%t-ggl Che module

configuration device such as dip-swtches,” ju

corangatas: wish the PEoter prguidatsiata ikatrdestridegthe everall topology of the

yREAOLB0TEY TR0 bk BB VR ol Blinh e Prysica

Iocalmn ofe thd wadsl@i inod0let MjSIeSE] the Dpatihg \fféré}heters of the device
-time" data commnlcatedlnatlma sl o -

Suqhta% @eaan% enpicxally ofifhe veraus wisless ks mswa-mws the type
/
ancehGRBer bR g dﬁﬁbﬁh[ t PENAYofdr di Q%%@é%q{? d?(?% PHrticular

capaC|ty IS excess

wirglessimaates or setvant elevicadd, SI5S6ravelis ini the mt@e :system 100. The
etc

R T T SN AT SR,

S6 apaRaditapmaRe geﬁé 86 BipPstah@s!D.i VHemPherRe} filerfiddCdevice

wireless |inks 11 118Ws are established and
PC iajoppaeted te ony gbe obyhe wireless giastss Mes wielese seventvievints S1-

6, ecApCY oy 8 e 0B R e o e bATBo TS monior
I|nks 118V\1 118W6 are
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zo dedicated to a particular frequency or are
al located a particular frequency in a select tine
slot to reduce the nunber of different frequencies
and tinme slots used. By way of exanple, frequencies
F1, F2, F3 can be allocated during two tine slots T1
and T2 to establish the six exanple wireless |inks

18Ws according to: 118W=F1@l, 118W=F2@ri,
Eﬁ \%0 ise JRIgIREL itlany otber devjes- Gathe system. It is most

[ I .

PRRMR IO oo UEP 0o 191365 LRIAGIED AL er e
@W(SCPCrm@‘p@%ﬂM@Iayandme ﬂadlomtmwttmml ofa Ihbdieatves 976en,176s or

5—'3? rﬂ%ﬁ Ye ﬁyau Sgrgea‘f@r }(t EJe%lg{pEe %ﬁ%(?tgg?(%{lﬁmn[catlon with

EVI ce

tﬂe\usepemmrﬁjaeafawaepm swtch D for configuration by a
user r 30 and al so conprises a visua

th
di spl i k?aﬁ%g’%f Ylaraidens will perur Weliiese Rf ersfinarysiil in the art. It
;§ hﬁéndé&ethaﬁﬁfét’&iaﬂnﬁ% &tﬁﬁguﬁg r}férglgf %lgf?éﬁ?cggaﬁ]g@%docmne of

. synbol uM' or
eiQH'VﬁfF‘-(B?S SBasve eacanpass talloqucb fmodificaions lang alterdtionk €0 the fullest
oHR ervant nodul es S1-S6 conprises a
use¥agiﬁg%¥% tﬁggﬁi}guratlon devi ce such as a dip
swtch D for configuration as a particular one of the
servant devices 51-56 and S al'so conprises a visua
di splay V that provides visual feedback to a user to
this effect, e.g., a synbol "52" or the I|ike.
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The wirel ess master M conprises an el ectrical

connector MC that is connected to a master backpl ane
118M or directly into the network adapter 112. The
mast er backpl ane can be integrated into the wirel ess
master Mor can be part @aifigone or nore other

devi ces. The wirel ess servant nodul es 51-56 conprise

an él ect A disribatedh asdduiarSap &igoutpet sgsteanoempadingp a
servant backpl ane 1185 along with one or nore 110

moddl neiweploadanter logated rerpetely fromeped gperativelysernmegted to

an Faet R cPRaTe? FRRoh Bl bl Re et e REHBh 6

Wi rﬁ'fﬁ§1§mﬁ5ﬁ§b@f pU¥pokads cBhprRing? FI GS. 9A and 98, the

master M and servant Sl1-S6 deV| Ces can al so conprise
an inter 'atadea:tt onm aputAutpet ancdulke phmuealfyacaead( elartrically

USB, RS- 232 reless | R, RF terf

CORTRESET o 07 koWt mesel Derkpiand feeichange
t

R L o P e o

adaptepadndli spl ay. Wien the user int erface device PCis

20 connected to a wireless master or servant nodul e
M S1- S6, atiEnanyauirelesnARYiAe hyeisaliv amd elastnzelly sonnected to

rovi de a.that descri t he overall, topol o f .
saifl e aiae’ And setehdess atanpUgpLiRE RO by said
ma@te?%a%]( Iahg‘” udi ng the physical |ocation of the

various nodul es 114,51-56, the operating paraneters

of arsecdm/urqmtmmputapomw plyysicedly depaedte tandodpackd from the
various W rel ess Ilnkg 118WL- 118Ws, the type 25 and
maﬁtﬁmepul%@uiwpbpﬁﬁfmn e EQ@‘@“J@E@E or other devices

connect eg t r .

dovi co nib1oes G BBl 3hEame BRLACaIR) oBE" fRtrically
comedmgrsémt%ukplgné’céﬁ@n al so be used to

configure the wireless hodul es M S1- S6 as an

al t er nat a\secenrdgry rvwéelgsswe\dc@ phvsica lyedndelegirinally kennected
r_,int rface one of

to 3 ot 008 TRUTRH R Srodile BV el S vanl PSS SN
30 aSE iy ﬁ\ﬁrgYé%Fs l#ei?:kgfé% Iﬁﬁtdﬁb’rﬁu\i’@y c hné@cﬁgﬁ%ﬂ%@gondary

to se ect and con nmoni't or /or ot™/herw se

wnrehﬂserdauicewmshldapmmtwenredmde|dm,Sl S6 of the system
is npst preferred that a particular device M'S
corﬂﬁlﬂf?ﬂeﬁhtﬁ\@ ahleaﬁheore%emu P%e’“@@\ﬂec@fpéafd second

oA oH3i T e BHRs, BToHAR o Bftn, gty imdustra

cor&ﬂﬂl@k ethrdudi? sark @@Waﬁ@'%dkbﬁané(?tsmtﬁ sé@éﬁ@&iycﬁtrél@ﬁs device,
wth s the user interface device PC

saiipgiintary avirejess bmkpéaneelurﬂmsaldspmﬂary virelasstdevidep saidanaster
nar ski,ll . in th is intended that the
bacgquq %Gﬁ@{‘{”aﬁﬁ %’Fﬂ@F al | y and/ or according to the
doctrlne of equivalents so as to enconpass all such

nodi fications and alterations to the full est extent
2. avalhebdistributied moelulaawinpu®autpet system of claim 1, further

comprising:
a plurality of separate ones of said second input/output portions,
wherein said plurality of separate second input/output portions comprise

respective secondary wireless devices that are operatively connected to the
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1. A distributed nodul ar input/output system

conpri si ng; a network adapter | ocated renotely

from and operatively connected to an industri al

controller through a wired or wirel ess network

Shf f |

e e DL PR TS Ty RAods BB, ® Ritective
pletaity of daddpendeninpdinady iretess daakplane Ihnmlapt er

t hrough a nmaster backpl ane for exchange of

I nput/output data with said industrial controller

|to:]:r ﬁﬁ%d%@}ﬁtgggﬁ@@@ﬁ? m&&‘{tegﬁn%t%wdof flaicg 2, Q%hgrgln each
o SHIATLRAS OF SRLENALY WRIrkledsl BoYREs A baffrespictil@irality of

one i nput/output nodul e by said master backpl ane;
s@osdcnput/bulrwt /pourkipng ispunigleky mamﬁ erhhng vslw*arrasadammahty

on%?fﬁs%s&hg § DS CRBShS inkgBH e SabRa: p{,ﬁ’gﬁfb@g,”%%?%egmem of
a%ﬂ#&'f%d&@ﬁé&%ﬁé&t}’urﬁnd el ectrically connected to a
ac

ser vant ane; and a secondary
MAreIess deV|ce physi cal ly and electrlcally connect ed
to said at |east one input/output nodule by said

4.ser iAKG EH‘M%@HEOC'@JEG mput/OtétppE sysiem af .clalras,%, wherein said

PIRRFEP S o sARIEE bl RETORE 4088 GeGRER0 By soia

sééﬁﬁﬁ@rg/ﬁmﬁél‘egs dbvicesf s@lt?résﬁ@éﬁ\/éJHﬁJlPéﬂty rm@ékSn@ﬁn;iﬁy&tput

second i nput/output portion exchanges i nput/output
partions wiot oswiuhicateutime-sensitivet @okdl Emetimsengtive adata to said
servant bac gl ane, said secondary wrel ess device,
Privary Wireless feviCel ess backpl ane 1ink, said primary
wi rel ess device, said master backpl ane and said
networ k adapter. 2.The distributed nodul ar

5.0 npuhéocmtstmbht@cymmm@f inpluglotitfut dystdrher ammﬂe of Rms 2-4,
Iurallt{ of separate ones of said second
§

it Bl £agh p afﬁcnlurabhsof mr@larv wa'letesmclavmerstqf said respective
pl?%ﬁ rat second.i nput/,ou ortl ons corrpr

vgee‘:QB oNARATYONEPHE, BQ@ OfeviCOBP PRt arL!s‘Ser selectable
coﬁﬂ@ﬁ?étio\ﬁe&IQ(V|€é"EHé’LCEﬁﬁ1ubR/ Fdéﬁtlf‘ ies each of said secondary wireless

devices.

6. The distributed modular input/output system as set forth in any one of
claims 2-5, further comprising:

a plurality of redundant wireless backplane links, each of said
redundant wireless backplané links comprising a wireless communication link
from a first one of said secondary wireless servant devices to a second one of
said secondary wireless devices or from said primary wireless device to one of
said secondary wireless devices; wherein

said redundant wireless backplane links establish at least one
alternative wireless communication path between each secondary wireless

device and said primary wireless device.
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primary wireless device of said first input/output

portion by a respective plurality of independent

primary w rel ess backplane links. 3. The distributed

nodul ar i nput/output system of claim2, wherein each

of id . it f I i ' -
7-qai " el pahiar TEME AL KGR e R 5y # claim 6,
wherein ofischl Seoondarg! wircent idevied aochrdndcsties @i shid primary

plurality of_prinar¥ wi rel ess backpl ane links are
wiselead | devierl vigi agnullanesusd use gt nenefofy saidli primary  wireless

freguency spectru 4. The, di st.ri but I
Aok PO ks ehade Bl red i WilglE S RO s

plurality of primary wirel ess backplane Iinks are

used respectively by said secondary w rel ess devices

8.0of Fhiediskibhoueed nvadytduinglit/outmit Setemddfiamuoneof glaims 2-7,
portions to connwpiq &ﬁ tkne-;ensitive,and . .

wherei phieask semeeOiizaid Ryad of pAIfRerONdaTyeNisglgss devices are

I0f i teteny Piveltg ervitdhferi® fetotie K B 8 Balt yraity of

salfl secndbyy AirekeeaRgficy. Wi rel ess devi ces of said
respective plurality of second input/output portions

conprises a user selectable configuration device that

uni guely jdentifies each qf said secondar L rel ess, .
9. dov i Hesdistites anaruel pilo BtV SEY eutatolrpLn tiaim 8,
wﬁé’r%fr?géiﬁsdiﬁ%terft%fvnohﬁleﬂ?é’irRﬂlfd@%t Fe'agt %o 9fIP-J0/11Pe3, and

conpri si ng: a plurality of redundant wréless
IPsitkpl ane | i nks, each of said redundant wirel ess

backpl ane |inks conprising a w rel ess conmuni cati on
link froma first one of said secondary wirel ess

er t ,.devi [ y

e AP SRR o R RO, S o, AR e o
cldiMsOn®), Ofvherlil ferRBEHJINE Bf Isalde SBcdiRIbNE aFirclabedevites is an

sai d redundant wireless backplane |inks establish at
intrimaially safeatievdea bocated iR arexplosive mmvirbaeienbn pat h

bet ween each secondary wirel ess device and said

primary w rel ess devi ce. 7. The distributed nodul ar

i np f ' | R 3
% pe e Rl TAH A ol yenfbehf) BreMriie 3-10
windrelmareachi setarsiary ewirelesy i devicandonsprisess ausisuell dispiey that

of said primary w rel ess backpl ane |inks and one of
prewidgs rae yissehMdigatian ofa palgys kestifien by, which $aid secondary

distribu (A out put system of any one of
W'E#'é#%ég‘ﬂées% %gﬁéiﬁﬂdéﬁﬁ%{aﬁ sone of said plurality

of said secondary wirel ess devices are |located in

di fferent physical environments relative to others of

12sai Theldistabuted ofodsitdrdnpetyouipmt ysysiens lae set derth deany one of
9. The distributed nodul ar input/output system as set

the PRNIQUS CPINS MNCHB, 871 SSAUNCHY (UrdRes LRy oo RamRLIges
i . _ . . L.P- .

witghEss i Bhialtf Hlicath it proviee visBICThaiGRRY diafl: theptimary

wif@lesdbadkplme ke of claims 2-9, wherein at |east one
of said secondary wirel ess devices is an

intrinsically safe device located in an expl osive

envifonpent. 1. The distribu I .
1R e ool Pl bt S5k et g n any one of
@Qﬁ ' Ry wireless device conprises a
thvis%@?ﬂ%gggﬁgéﬁ?gat provides a visual indication of a

uni caid firdeinputfowtputb portibn chmpases 3 elualitia of ingut/eligst modules;
ngevic_e is uniquely identified.
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12. The distributed nodul ar input/output system as

set forth in any one of the previous clains, wherein
said secondary wirel ess device conprises a wreless

i nk qual [ ty [ ndi cator t hat provi de visible indicia

of q l[%utp

The StI‘IB F@ %?m?igdu utp mpé]@s}?“bﬁ as sel}c frodues.
forth in any one of the previ ous clains, wherein:

said first | n{)ﬁdt/out put portion conprises a plurali t¥
1%¢ |T tC?'%tUbH fBadHIsE : INPHE OUGHTy S¥deBhof any one the

oI ERHHEOHBRNS BGHESRERFERE S el gomriss a

raditpﬂ{a(;lgeﬁ@g,gﬁagstem of any one of the preceding
clainms, wheréin said primary w rel ess backpl ane |ink

conprises a radio frequency signal. 15. The
18] T AL BB S SR B i1
wﬁé@fr‘?'é%“k? Hgﬁnﬁ’%rﬁcre 9\1| ' Bh&!&ﬂarfé ‘i’ig)féZétr@l BiskiRIaY fro;n said

W rel ess bac terns east one o

pmnamwmmlesatbaohplamedmkﬁ memmm;af abledspontafa comhbfunication
The_distributed nodul ar input/output system of any
tyefefreauen@ aRd PreCOk.ur t her conpri si ng: a user
interface device that is selectively connectable to
said primary wirel ess device or one of said secondary

16M I @h@%ﬁst‘?iﬁﬁt&?ﬁo@%ﬂnﬂﬁ@buﬂ@f ay§taRForleNy efe of clatms 2-15,
conprising a visual display that outputs an overall

furttyeolcogpprisingt he nodul ar i nput / out put system i ncl udi ng
Secdhbaps THERe Sevae nebas SaRatvae canfiedable s s prmary
w?f‘él[—:ﬁé aéflcg %\“cfr% BPQ?ua aée‘éoﬁ%'\ﬁ?é%s%”ﬂéﬁk@ SsaftfVik&Efterface

I Sual or au

de:mmmmrrpﬁsinggavw:sLhalsasslaysmtlcmtputfsaaﬁ sleyalt @opoldgy of the
The di stributed nodul ar i nput/output system of any
m@ﬁ@abﬂnﬂtﬁ@tﬁﬁébﬁbﬂgﬂblfﬁfﬂuﬁéng wRligh piimanhwinglessedeyice and said

s_devi,ce and,sec el,ess. devi,ce
PRI Y cset BNt PRI SCARAREY, N S P8in Sk Brimpty awicetess
dRAEK Bhangid | mﬂﬁ@&?r lirethst Oddvids b&h %%l'cﬁlﬁ”b visual or audio
relationship ere'the primary wreless device
sigmal wheenesoramunicating nwithk saidrudee invbegace devigei mar y

wi rel ess device and the secondary w rel ess device.
18. The distributed nodul ar input/output system of

Taovn 08 Cisipficl dvlar b SBEL Byiedth &FaFionte b UK Bitious
clgagh vifidrein W psmnaiypmr@msy d@vﬂc@l end Jdeachidrgnrireie’k 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 the primary wireless device and the

secondary wireless device.

18.  The distributed modular input/output system of any one of claims 1-
16, 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
ot her.

according to a peer-to-peer relationship where either device is adapted to

initiate communication with the other.
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