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Di stributed Mddul ar I nput/Qutput Systemwith Wreless
Backpl ane Extender s Cross-Reference to Rel ated
Application This application clains priority from and
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 10
this application. Background |Industrial automation
control systenms conprise an industrial controller,
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constructing the industrial
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AR A o LG B0, 8 AR ) g
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 systéms that take a variety of forms.
In one examplg, a single discrete or “block” I/0 module is located where desired.

The bloqk I/O module typically contains digital or analog I/O circuits or a

" combination 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/O installation Is modular in the sense that a single network adapter module is
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1 connected to the data network at a point renote from
the industrial controller, and one or nore I/0O

nodul es, as needed, are connected to the network
adapter nodule for comunication with the industria
controller through the single network adapter nodul e.
s In these nodular distributed I1/0O products, the
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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.




2 In light of the foregoing issues and others, a need
has been found for a wreless backpl ane extender for
a distributed nodul ar i nput/output systemin an

i ndustrial automation control system Sunmary s In
accordance with the present devel opnent, a distributed
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or nore detachable 1/O nodules; FIG 2 (prior art) is
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FIG. 2 (prior art) is a block diagram of the distributed 1/0 system of FIG. 1
showing the interconnection of the ‘adapter to the I/O modules via backplane data
conductors and slot address signals;

25 FIG. 3 (prior art) is simplified diagrammatic illustration showing the
distributed modular I/0 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 induding a gistributed modular inpuf/output system with a conventional

30 backplane extender formed in accordance with the present development;




system i ncluding a distributed nodul ar input/out put
systemw th a conventional 30 backpl ane extender
formed in accordance with the present devel opnment; 3
FIG 5 is a schematic illustration of an industri al
aut omation control system including a distributed
nmodul ar i nput/output systemwith a wrel ess backpl ane
ext endeiGf Qflffﬁdschéméﬁ@ ASRRR o &
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etender forned in accordance with the present
devel olglg;te é 10 FIG 6A illustrates anot her enbodi nent
of a d byl ematieriiv| Bustraterutano industrial syudbmation tdm_nt'rol system
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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

25

industrial network 16. The data network 16 may be any one of a number of
industrial control or I/0 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 lnput data to the industrial controlier
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well known in the art of industrial automation
networ ks. The adapter nodule 12 comruni cates over the
network 16 with an industrial controller to receive
output data fromthe industrial controller or to
provide input data to the industrial controller 4 to
be processed according to a control program The
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ata_bus. conductors 32 also includ

sngnals 34 which are enabled one at a time to mdlcate 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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control lines including a clock and read/wite |ine
indicating timng for a data transfer according to
techni ques well known in the art. In an alternative
serial bus enbodi nent, not shown, slot address
signals are attached to the data bl ocks sent over a
serial data bus connector or are inplicit in the
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processor. 54a-54c and memory 56a-56¢, the latter which includes a buffer portion
58a-58c and an operating program 60a-60c. The internal bus 52a-52c also
communicates with I/0 circuit_:n} 62a-62c that provides level shifting, conversion

and filtering necessary for the interface to the controlied process. The processor

_54a-54c and memory 56a-56¢ of a respective I/O module 20a can be replaced

with a state machine.




processor 54a-54c and nenory 56a-56c¢c, the latter which
i ncludes a buffer portion 25 58a-58c and an operating
program 60a-60c. The internal bus 52a-52c al so

communi cates with 1/Ocircuitry 62a-62c that provides
| evel shifting, conversion and filtering necessary
for the interface to the controlled process. The
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the backplane 18 from a first mounting Iocat:on to a second mounting location to
allow the various I/O modules 20 to communicate with the same network adapter
25 12, FIG. 4 illustrates such an arrangement wherein the conventional modular 1/0
system 10 has been divided into a first portion L0A mounted to a first part 26A of
the machine 26 (or, alternatively in a first enclosure or other focation) 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

30 the adapter module 12 and the I/O modules 20a,20b that communicate with the
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t he backplane 18 froma first nmounting | ocation to a
second nounting location to allowthe various I/0O
nodul es 20 to conmuni cate with the sane network
adapter 25 12. FIG 4 illustrates such an arrangenent
wherein the conventional nodular /O system 10 has
been divided into a first portion 10A nounted to a
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B 29 Ak 18 S0 LB 4 s veveon
st;tmt ym mnressmm&@ctém @da%mc@ﬂy rﬂtél*tbﬁnéc% he HaEEpléﬁ@sectlons
Eﬁgﬁ jgsBlgOOra 20b that communicate with the 7 adap

A viiaia iransferhergbeirrens e A6 rmtecmhovem@vg@r@nnmckplane
PO&EARIA HBRsQuch BS thewtie %Egﬁ% sé\?e?%’}vjh%leé 4a%léTB&HlbLg:3§ such as,

20c, 20d, 20e that are connect coopera
R84 relativey digh dosi; Kiphitatie distanice ofaba@B1  vetan! degraﬁat:on of the

ei:12&%50t Fl cgﬁ%lgve%ﬁ? &E%‘T’?hé’g’t érg?dﬁg'%sﬁiq{p@ﬁw@”@@ew GRdaginations at

IB@\C%BIB—tb{backiﬂarm tommsfien pohes ehat westeret® ARhefloving machine
backpl ane extension cables such as™ .

IF@Wever
858 r eRdronmestal &rborsy undeS| rable attributes such
aS ﬁGg 5 $HRWA 'aVEisthH1 flar ldé:mc/oﬁg) ?I‘I st Cwith wireless

gabout nmeter) degra at| on
agRians, Wm@rcbﬂge@med mpmrdanlcetwm therpresent development.

BRpE 80 TS Aloe SRR Al PSRl el Boduler PRypYiRHGRistem 100

lsn itlentiaal ton merayadﬁern e10 h@s@ﬂkﬂsaﬁbﬁre Anbe ks S, REBIHhSonents are
5 shows a distributed modul ar
EMD "§3§ﬂ§$ BHnhersHNG Al BRQ gremderkibpa thosexuseddaFIGS. 1-

A S BT R O
nébaankafor gngtwulngjttmmnmtaerprd@@s ZGSha\gmy}F rslfaénd sedbhé@ portions
T g B IrobEREs | 2K aBRY need iy PR Falft@ien c Mors, mseticplerly, the
indiatriahr eutbffatioh e @bitfol fﬁaamsrw)%s Pﬁ@é& Er Fh&ﬁfmér cBntrofier IC

The nodul ar i nput/out put systemtornms part
CPmgising ppcannar Sheanneeted mtt!ne)datarrmt\mﬂ(klﬁ oThe owdular /o gystem

100 ) Batbtoito, B A et ilth Bt SheewiFR ol vie network

adepter aap ahbrie lguatdd eathetelyy frolrhehe icostesiief iIX0. The modular /0
on control. network conprises an industri al

SERGTD 10 G Be o inle s mogies J2RRnaz08 thig savowkate with the
intDSriPEREHAEMEE Kial GetwbhE afRstE) 212! /RSS! &titry 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, (it) receive digital or analog signals from
the industrial processes 26 via lines 24 and convert same to digital data swtable for
input to controller IC via network adapter 112, ]
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100 is connected to and communi cates with the data
network 16 via network adapter 112 and is |ocated
renotely fromthe controller IC. The nodular /0O
system 100 conprises nultiple I/O nodul es 120a- 120e
that comunicate with the industrial controller IC
Vi a netmork adapter 112. The I/0O C|rCU|try of each

dul 0 120 24 .
o P kPR ApA FOEr SRR REEIS sebit. bt VP Bkt Plgrises o
plirsic peitio? 400 mduhedciony dirdt shrg 26Al ofteieamiaersing \E@ aiﬁc! @Mecond
controlyl)gr IC via network adagter 12 into outp

Birperted F‘{;?tSSFOFlSIr Pash4PBPF the Mmaching: 2€-0 Tthﬁef irst portion
| 18016 bf th? mBE{&l £ERF s%@% \éftogl %drngtﬁgefgflgemﬁﬁ‘éhg%r( nir?gldlse :HZ and the

recei ve gt a or
A Bcwedides Z.BOaHa'ZQh thet commamnigatsowite the adaptet oncdiuty 12 via first

AesTkbadBlPe, Lo el ot 8 Ry FLeeall By e moduies

RI1Q, 1204, L Reb o dhkasecbhd® ;ﬁ)fﬁdrﬁ ODE0 of aiipr mddslag I/0 i dystem 100
unted to a first part 26A of the :

00A
PSRRI Bie /O Hodiies 2064 2DRc Atk GBSt a eennested to and/or
E&%dél"é%e Redefind B éékomfseﬁ%iy Ebﬁ:k%lﬁne EB&idn iféspome' @Bdular 1/0

A of the nodular | onpri ses
sxstam ckOOndadher qorgprises a mere!ess /bacikilehg extenﬂea,‘li'ﬂodefned by a

B € 000 AR 8 B Ml o roms

atef a m@ldssf séh&nﬂmmmod@a?sd%ré&@bas d h@ccﬁﬂathreless device

t.i 100B of the nodular 1/0O system 100 conpri.se
fﬂis) e RlPsmaster davieR L 198K fOrRA P RATLOE e ik kkition, 10OA of
f
O r IFORPBH 180 o HrANRSF AT LERLU W oy e th

firsir bankplaoe reciicre d 18Anfaredats sank:iapﬂ«rﬁracrmnmumeam ther@with, The
170m,( al

d t i
BT "t TrPReimia erded G, SEehdyBron ARPR of the.
ModutdreHe SRteMIL00I ekl a8 obé%‘ﬁvéiglcsm:aé&éertbaﬁ partialy defines the
secondary W rel ess. devi ce he w rel ess naster

saeandcackhiane sertion L8R far data ene PﬂWﬁé?OWBQIbH"EI@@W offhe first
pbitfon Td0A 8{ e Sshy $ S ELI alr%é@ve%’bﬁ’edﬁ@cg?pﬁ\é@ by ?3 ethg the adapter

connected
nivalclepl B2 éasﬁmmranmc&/btfemr riavesofahd L vmxdiules 120a,120b andfor

HE QSR RSP Vi o AT 40 S SOHTER (96 1Bk DBBIo P 1EhE second

- pomieH! s00B/ &F %{éts%ﬁeﬁ‘pouﬁﬁ‘?eéévé%pﬁfeé@riﬁ&egﬁwép Ebififeckifg the

or partially defines the second ne se tion
wirelgss pevaniadevicnd7@s\es sbowinkand/on maevremotmof thee]/O modules

15b£31204,120e to a source of electrical power Ps. It should be recognized that
the wireless master device 170m can form a part of the scanmer S in order to
eliminate the network adapter 112 and network connections 16,14 shown in Fig. 5
between the scanner § and the network adapter 112. In one such example, the
industrial control network can be an industrial control platform (ICP) such as the
Allen-Bradiey ControlLogix platform and the wireless master device 170m is
connected directly to the ControlLogix backplane. '
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portion 100A of the system 100 receives el ectrical

power by connecting the adapter 20 nodule 112 (as

shown) and/or one or nore of the I/O nodul es 120a, 120b
and/or the wireless master device 170mto a source of
electrical power Pm The second portion 100B of the
system 100 recei ves electrical power by connecting the
wirele nd/ or _qne or

Tor e of s REeERtinabl e {3nt Suf HRVRRT s e 705 are
eaéamted dalesiabiish tierebatwadroal Wirklessr baskgling gkt DB8W2 That forms a

& DR 5 Y B o SERaek Ok gt detween the
1ﬂi%t and s@@hwcafa&kmaamomwﬁ 118BSpPYhe gp?fghgd egqboij,ment the

V\Eﬁ{] the scanner S and the ‘net work ad er 11
oWé” PPQSR'QH%!W uaw COrpRfises a| radio é@quemy (RE) wonrectiom between

b&leaﬂlré@%“ﬁ%éﬁe f\fﬁﬂi dé\n %%1% 70; daﬁ{ff%ﬁﬁg\ gﬁgse devices

Al | en- Brad
rm’§tséowd@9|compm§!mespectﬁ/@ amemmae Fengil7@stthat tréndniitand receive

Cﬂ; r’f#'%?l x backplane. 9 The wireless master device
he wirel ess servant device 170s are adapted

to esﬂ‘h@lwxséie%hﬁa&b%hmmk 318 elafiSBe té%ﬁéﬁilbl?é?ﬁ acbdMiing to any
118Wthat fornms a data communication path for
SHiphle K pionali prafacpbriuit is rrspieratly dmp@meatngammwe an IEEE

Epgggrgaggdgaﬁg@ga nEAEKBDIAS SEAIRAS, SE0ALIER. Bllelddf, e

Bﬁnﬁh’r\ﬁ’&)esff@ueacv doppiaguspread (sBEr)tnmaneiSSD,Oﬂirect sequience

?@‘83@%5%?@%& hodOrel Fea Rty AT ulilercrony. oS ot

Mﬁdﬁ?mhé eRPEGh g
and recejve the [§RF s.tgméﬁw}ﬁ’ealgm%méﬁg’“ﬁgﬁgﬁ%%‘g others

famke ysed withaut sleparding ifions Fedovesalbscape gnd éntantyof the invention. It
Elﬁl tqntgﬁd%icg%?@é’ﬁﬁ?%@gfbaqﬂ ih 'I@EQ.I%W @%?g%ated to RF signals;

enment

q!thelt suitable means, e@QZn&éﬂedmnda:ﬂh&rh@ht wauslBndgths, Lﬂtr&omc links, and
frequency hoppi

| 055‘5 ;‘%%glg%&'f %t?ﬁma‘ﬁ’ ) epa%%%é@gew%ai §<|Eqp§a@nd intent of the

lﬁmbhummﬁﬁé%ereorth@ oRaaRl-séisu ﬁcﬂﬁ%or%h? Eb'eﬁv{?een the wireless

rrultlplex (.CFDM) . IS not inte
683 ML s r:amn hee@lterﬁdatcpd)et iac peerrtovpaee| rfationship without

B o R 51D S e P A b o

|misatalcmtc]n?mg;:§artiohem-d&¢ whelesd beckplane! IRksS1 8K Rt achi dther, and
118Wbe limted to RF signals;
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 bf"otbcol by which the wireless backplane link 118W s
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

10
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ot her suitable neans, e.g., infrared and other I|ight
wavel engths, ultrasonic |links, and others can be
utilized without departing fromthe overall scope and
intent of the invention. Furthernore, the
mast er - servant rel ationship between the wirel ess 20

devices 170m 170s can be altered to be a peer-to- peer
fromthe invention.

it W Bk "k 2LBYE i Gheapsaintion Booob dhe wircless ik s
| oriyplatesy ﬁﬁm%rﬁatAso%c%h 'irh‘FI(W §l? | ﬁ%%é?&%@daﬂ&gﬂaﬂg sections

118 wi th each ot her, rms " mast
" 3180388 ae ttﬁ@édo Iﬁr@n@“nen daiaetOrand frem emdm“dlmgctol anyi ﬂultnhle known

t t t
d;?i’égic?g redgt 9 as a 6&*@%‘?@2{@&%57 & f’gegg'l'ﬁe S master
viayice dtﬂ(;mt tazedrrma ew:réleys ceenlaf® mdevite | ml?t)ba‘tﬁmgnse respective
C nj atl th I es backpl ane 1i nk

00 BreuigtiaR o Aghiefis that aneaEsdte data received
s g Riécé;hsfﬂlhaté H8W ioSbe 'tféﬁ%rﬁlf%ﬁtt%%hﬁ q{an%\ﬁl%g e%%#evene sections

tet her-free) communi cation of backpl ane dat
Ark38W: Hridisyaanngn theewiraless baviniane7ln, 118W histiases identically

18 bBC@iary datidt catfle SRR SRR} Sbailal TR WA 40 on
10 t him an meibstﬂaf m&omat:amenwdﬁma*ht%ﬁlchla% tﬁ??’?ﬁ@&kﬁe‘éﬂgg& in FIG.
pa

L MY SRTR U TCY AT
e, chliflBnRsignal Saendif. tT@ﬂﬁt%ﬁd dﬂ’ub%?é?eéqﬂagtéto&éwce 170m and

accordi ng to any suitable known protocol such
@ach. wirgless sanvnt, devisat 1 B0SNeOMpAE MBBeetweeWmeleﬁ]sgnal link quality

Qgﬁ:ﬁﬂo?ssggﬁlsi%s ﬁ:I g#\gglbaé &915'\10@@ GistolCintidCoree & GUalit ¥ the RF

vice conpri
wrrutheswiraleso sigosl dapwhichtthe wirakehs| ekl iAK ﬁswaaé established.

TR ATt e Arating the MRlpi L7 A 46R aeh comseice rplurliy
oF 18D 1k DMer iRdichios Iil@ﬂ? Ne7g 1A %II% Caﬁll (ﬁﬁéﬂ@?xtf %’Pﬁu’!e' Ahe RE

118W behaves | dent to a ane e
sigapl beispgrcaied h\atthes hmmheraor S ENt w:rélbgs dévicd AZA0mAT0s is of

S el SO B OIS o, 8 L ne
lmuadm;swnmrlopetetaréw&@orﬂféca&h ioF Nad 1200 hdHiat i‘hﬂﬁdl%@é to the

e’?‘ m_signal strength., To that end, the wreless
a F 0@39#@@qnﬁbﬁﬁﬁ@ﬂith%mt'lswaf@fé@ﬁeﬁmvant deV| ce

1705560 |Ink

gt arUsIBLCegRE e ribbaifie? ir 8' dRBoiad pdiiy L0 system
100 doohed aiccordmgqtealthe \predent devBlopment.  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

30

wired/wireless connections 14,16, a wireless riaster device 170m electrically
connected to the network adapter module 112 (alone or together with one or more
1I/O 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




15 or other wireless signal by which the wreless

backpl ane link 118Wis established. 1In the
illustrated enbodi ment, the indicators 176m 176s each

conprise a plurality of LED s or other indicator
lights 178 that allow an observer to determine in the

RF signal being received by the nmaster or servant
sufficient strength

“wWirel e%s ﬁ%vci(ce 170m 170s i s of
t 8 YURESAPKRlERs ik Ad8Whc RpY offe leRst sonsn I{Gremailulel $26a-120e
b alistipic hJi r Ve, | npection
of ST Siherie HARNCRIORRREE] [0 Each KeBP WSS Bcule 1705
10 a $pevank backelane isactiondLi&BB.i Bl candhus bé seen that afhamh abvantage of

it hoa SR, B B e e

5 pinpstgoutpdiesystam mentan bhaint@rete® Bad aép!&@d"ﬁittlh 8 wireless link 11.8W
) _

,stributed mpdul ar i nput/output, system wi
%tr@‘/e‘i"s"'rﬁgwm%ﬁ G@Jatlgﬁd@l?wqrgrq?@ayezéz anchteoteminabI/O module
vduch at g mioagRMoedg\eGopent conprises at |east a

network adapter nodule 112 adapted for operative _
conneftG-of Hustrates iandexamplal ofc suthr @l elterhglive arrangement for a

i ﬁ%@% BSG 9Be R L bR Ehcter formed
0 dnlagnoedance dhithethbIitegent davelopménmtaor it W HAa QB oUlBIEf dat
Lo R eF d2pa depe) via master backpl ane cection™
differertingsd ﬁ}ﬂ’gﬁéﬁta‘?ﬂ dr8 rbfBRelith %ﬁ?@ﬁﬁgiing iar%g?ss 26) as

170m_by i . wi rel ess backpla
Ph&f apriadygtasiratemationpoeiwbs0 comptising ah dadustrisbicontroller IC and

G n Rk BMIRIS i mBie, 2 ot 108 pomprises

15 dYeBvorktadaplert DU2 dperstRely ddmabciad "B theafaRtA%SorRbller IC and
m 100 is that the backplane 18 of a

th t

%Bﬁ‘i'ﬁéﬁ %i EH avired findiar wireless matwerks connastionsu thd1 6 silse enatwork
ol . e

SHpR T ShioWi, & bHiAG 6CRES, reBDleRP i BuIRE XRoRu couia be

logpbist eadjacentinidet benttafieni G intégPatedld whith thelCébN@BIENEC and/or

C@E@#ltgdn %ﬁ’ﬁf[yr] ﬁglq% é%ﬁifrgﬁa‘??g@e Inlt Y EHO Ll%g i12<5 rfi%%ﬂng 11%00 ];'urther

o A DS SO, M e A 1 s

cgﬁgcj{é_!agm nelyjork AgaRterol12a ThetlfO sheuity oheactol/Odatdule 120a-

SenpEORNES  Sio TRED AL SAGRIRS SH3158) R D B ot

deicesaok thee entrelitdt progesse6l and: aF) torlent dighhl @4t8CR8Sved from

c&]@oll&g IC via network adapter 112 into output signals (either digital or analog)

25 for input to the industrial processes 26 via lines 24; and, (i) receive digital or

analog signals from the industrial processes 26 via lines 24 and convert same to
digital data suitable for input to controllef IC via netivork adapter'112.

With continuing reference to FIG. 6, the modular If0 system 100 comprises a

master portion 100M, and multiple servant portions 100A,100B,100C mounted

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

12
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part of an industrial automation network conprising an
industrial controller IC and scanner S connected to a
data network 16. The nodul ar 1/0O system 100 conpri ses
i5 a network adapter 112 operatively connected to the
i ndustrial controller 1C and scanner S by wred

and/ or wireless network connections 14,16 (the network

ﬁ'{% (@r i s shown as bei ng | ocated renmotely fromthe
PEIMERE, the npagterqwiiien HEOM) @kfmrisds adiyatheatfamtbemodule 112 and

C%Wﬁéléﬁwhéﬁg; tejg\glﬁ;gr ec R}FMt t]ﬂ{eﬁw Etpfﬁpﬁe p@spterrm@dule 112
rrt'smniaéa andfors petvemtrbasfef wia hﬂstéi’obmﬁmhésffsﬁm tArtEh%tnvely, the

gtgﬁi ]_ti%% %@Q@ 120f tha omTunl cate with t
Ust Fra -GN €80 elupfec ot groee mm@ulemzoarﬂémf that
| Waald itypsically e i@éat@@ghyéuézﬁw fﬂéﬁlkée% ﬂﬂ%(}gﬁtwéf&oéc{aﬁi’é?r}ﬁ&@ﬁ% 112 and

via 1/ 0O lines 24A 24B, 24C such as es W

oE RS erdgwlg%;smg@ulg HZ Osan {Thel Mastepparties 1000 asnalso tbdinected to
Cpredal poiv@ pal data received from controller 1Cvia
netvvork a apter 112 into output signals (either

di gi t §ervent aprrtiony) 100Af. @f ithdusystamt Heoi nduprceal 1 /0 modules
(i) receive digit

d,
&rﬁ%m&%g \élnai]dlsl $$§W{4¢§éa|n§%'ltr |CE@N'C9r %38&6 operatively
Vritercbhmmetec?fbr diath SAAYGE bbwéxaffgnéf@r é‘r'véﬁﬂ be?:\%glﬁﬁe 118A. The /O

swtéblefor i nput to control C via ne
qe4H éri%PPz12W:142Q90movﬂauunthr éatertermm/mmrdée@e dhitputheata from

8dssld 0 ortio
TR s A PO Thig aAs B hoion B30K T Binese to eectrica
n‘Mﬁftﬂm 30 to/adjacent the processes 26A, 26B, 26C,

ustrated 12 enbodi nent, the

L::'to %‘f '¥°6‘EH d&?h%c 8{%;5?@ Sysfeah LP0; sunpiisgst @ Singted ﬂMOa module
o 0y IRICHSL RRE Ak L7 08 b Gratifell iBfoRbkakR ith each
qu@gef,or dagh ardfor powembianshier Ibacsletpmm daa%k}:ﬂﬂe 118? The I/O module
120cpRAde el dab 10 FRFoF herives otk Upb o e Wouass| 268 via
mpmausy Seevar pottion mwisc@nhﬁcteéwérgair Aot k

adap e dul.e 112 and the naster w nodul e
170 PR{EPR L0 ofi tha syslem 180 sorwrisesiiOonedilen120e,120f

e eSO el delice 17053 4 8o B8(QY, HlertdRhecing ot and/or
Poiveretransfes év\mmanblé:'aclqjéanbmssc"ﬂﬁheqmrrﬁ@dul@.d ¥204320f prowde
lnggfr gét%?ﬁngrﬁ(ﬁﬁd 5:%:? i}‘i aut?qlgga rodh the ‘brogeds. 36 vin | 1/0 lines 24C.
Servant portion 100C is connected to electrical power Pc.

The moduiar IfO 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 of 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
adapted to establish therebetween respective wireless backplane links

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

13
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nodul es 120a, 120b, 120c provi de i nput data to and/or
recei ve output data from the process 26A via |I/O
lines 24A. Servant portion 100A is connected to

el ectrical power Pa. Servant portion 1008 of the
system 100 conprises a single 1/O nodule 15 120d and
a wreless servant device 170s2 operatively

i nt.er,con '(Eefi}:‘! ed with each other for data and/ or power

t FRTUPS Jresiingh HaNSIEE 1951 hiskplang gataThetwee thedubster backplane
- detfieh PLIBtdgR ARy ord asé&aﬁpﬁ%%{pl[alrnﬁg%:x@ﬁs g‘e‘)‘t,% 8B,118C.

data fromthe process 26B via

pdRrei ondGBOE ias coleseihedd taboveect thecalwipsiewsr Fﬁaclﬁl%ne " links
Ses

% 621?82;%90%%%@9 FoliFiefos J9de Faenae (Reconnections
Geraltl ieeladsi ved I g oAt f néngr .

I r}} eq{;lg; ,sgse\jlzalgt\ﬁ%f\ck Iangﬁﬁltg(% @%@S%O nt devices
ﬁ‘%ﬁ‘ﬁ_le (ilsg’(sb,é Hsiidogntganag HAmddi2s1is 2821823 that transmit
RATVAVO HORF SIALR ThE Wikdissiaiate 1A LB, Dibils S 1aws

1C.  Servant portion 0O I's connec
FeRvde exiablished rewidiag to/aDyssustable RBGidnat photocat,obr issreferably

OB RIS 8B B S oot

W reless mas

pudhras, v.g. vBluetbeths ultemivicebari® (wan dn '

&E—[S nt,. devi ces 170s1, 170s2, g\’(\)’sg ?ﬂg}egnﬁéf rr)(se er%%géﬁ§&drum
c el SPAPRCE) SuEad sspesiaym) (R5SE).1 poBogarpb SRyuentye division

Wikl S ' i/ i1.el .seryant_ ..

DI 1T OB ey Bt B ahlafonthe £ bE TR A barticutar

Wirdpehprolasehand ethers are bai used ethobb dedrting flomkise 8@erall scope

AR e e ) FE e v

comuni cation p
hackplafier links Ua@wlsz{\%mW%?@ ebabfEReH by a pluralty of

backpl.ane ection ., 118M and each of the serva

PIEwHIcalen saranelsderived from gpdafired. by knewe, methatsandisystems for

1O B e SR PR LI Il 0, requeny

divisieruenndiplg REpsTERDMAY; timesdisisiontmeltile titeessi (TBMAS Scode division

n%% r i&%s'z ?E@éégg] sﬁé]gqggg igﬁytc\)n@L eﬁ'gﬁt?ﬁie Sgéc\égsn t(Sl%l(\efl\llixl),c %%d 'spread
st SoidAa obdga oo R sy SRR () o
dl{%@%ygmgque(éwm H@S§§£aa!ﬂ wehes byteis dbfrgpmie dbys not
infdticle@ithst tRE vilrefta@ ballfirdCitis (X 8w L REE TS be limited to RE
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 170r 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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i mpl emented according to an | EEE 802. 11 based
protocol, e.g., 802.11b, or another 1o such as, e.g.,
Bl uet oot h, ultra-w deband (UMB), frequency hoppi ng
spread spectrum (FHSS), direct sequence spread
spectrum (DSSS), orthogonal frequency division
multiplex (OFDM. It is not intended that the

devel opment be linmted to a particular wireless

peekians link dlISIWar The awireless, Bwagteni deyiser 148pwnand ny third wireless
SBRaRY %reé‘il:é estBAR 't%%t\@%eélagfth xgﬁwl%s&@acﬁlane fink

general’, he~case o
MMBanh blrdeksko BH3MWIsh1hBkAR sdd B&\Br dmdt—plsmalabnmhﬂﬂtdﬂrjbnﬂbackup

g| ur al i tﬁg%" IPHW ni Cagabjﬁwé:d;a nel.s d Ith’é?yg];e[qgg]n%ster device

| :wnm rahd Qﬁe ﬁﬂrd%ﬁura@gcgerm Idé@*c@ <i'7b§3téﬁabﬂ§ﬁ thdréhdiRen a fourth

ivision nultiple access (

RFn‘E"“élﬁSﬁ ba@ﬁlanam%ipues%%c &ben thewieless sgevant \ﬂeyncen%mss and

|

ac cess Ls%rg%ﬁiﬁ’&an Spr es‘%lagél l@éfg g %er%hh?'ggw Rﬁ:l \Flréess baCkplane

findc [1IBRE This cmmhmatlbg pmsmﬂasags ggmieswndalékﬁﬁ)paﬂm dor link
n r ct.r

RLBIA, O SBREnER e BraEs IS anch s TaB6,pdBega servant

oaiies avndd Bke 1ARRBLadd %ﬁ?elés%&m& !I!QSRV”bétWéeh OseRFant modules

signal s; other suitable neans, .g., infrared

B0}, 170gRaradikewvisn gstblished: 'iOaa@md@ othernmmnua@@m@a@ws that
|
Eﬁ’@%l&ﬁﬂé{&e{s r%é ?‘Qf‘irfig‘)%bﬁnrﬂﬁ@@%dvng I on %ﬁ’z SYyS Sgrﬁhi%‘ar device

SCope” an
170l Gnd6ac partioalanmwiidiessd servasth aevicat 12061 1!7052}15209@6\ k is

t.h i I d 70 first
T RED dngfan, 5 By BB ULy GoATHaS, LB HebHaiaste ilisleps ks
ﬂém 31 85, £1.8R6, INTRP ban&:ddl mkaaéiﬁcw 'tﬁe F;’:Fmﬁéry%na@ss links

Wi rel ess COITTTUnI Catl on neans. he wirel ess mast

HEBWALISW LIBWS §e cdininizn the r!tklewwdseﬂ aammm@mcabon failure.

AR ERe e Ry TGS TR A DREE L PRA AR T e i on

wirest @ tintd-out mn @mbﬁsalur@sra@tetted d icognectios &u:ﬂﬁtaqmm@b wireless
t her ebet ween hird RF wireless backpl ane

ll&'ié@wmwwafﬂs&wastl&m alsp Goptamplaied rtearofzhe' fedundant wireless
uﬁ@ﬂi%sai@i&sgg%@a&ggp ggggl;lvag diffaHe r&w éég,n mfé?ént RE

are then est
padoial ediffetend REdnetiuehey, triohrRF, vate. aalaes:emaredaﬂotthdqmnmy wireless

70s i ween .a.fourth W|rel
cki%gﬁgihhmiggﬁT nMREVRG eeslg(RE an d%mukt@"eous
cdniR®Ricatieh 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  inifiate communication with another on the respective primary wireless
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W rel ess servant device 170s1l establish therebetween a
fifth RF wireless backplane Iink 118R5. This

combi nation 118R4+118R5 provi des a backup path for
link 118WL.. O her servant-to-servant wirel ess |inks
such as 118R6 between servant i o nodul es 170s2 and
170s3 and wireless link 118R7 betvveen servant nodul es

eSS0 55t TS LSOO LR B S ot o

dus@hemlmatmt@ndétﬁttb [hrit iR NdewelophRAS tﬂaétrﬁ%ster—servant or
evi ce

dew % particul ar wirel ess servant
@%@@S Iptwhege ewlii BiepPEiety writeless adevice 170m can
oiﬂiti@té tcoﬁlﬁﬂﬁ'ﬂdah@:‘i‘ ot BRS @i Fe?’éi!s'e'l%%ﬁlgla gﬁéesﬁ w&;&rﬁleé\ﬁz 118W3

118R4, 118R5, 118R6, 118R7 e us
pw'ﬂhme/saﬁpm@mweleswewcemmmm 1702 to ninimize

tAIh?elr ina ! %@a%tg%a B @Wﬁ@ %ﬁ)blﬂcggon 0 rees'ystem 100 in a simplified
fmsmmﬂmugtﬂaaﬁeﬂamﬁé theasysteat100|sm Pvrét%rh ﬁetWoPi?a@éﬂter 112
a

DpeRiSY copbsdaEto freriRuEriacontaler 1 BwsowENCE 5 o wised andlor
el BTHeRES ddmabctions i&ﬂé“&aﬂésc\c‘rbécf 8\?% Z?n ngeeﬂFfSaI the system

118R4, 118R5, 118R6, 118R7 'be of a
Ppr@namsew Wl{ﬂ'&ﬁﬁ atster device ¢ and niitigle mrems gervant islands S1-

PR Rl 2EBEE 1 B PRy ot b Rodectugs ancvor

ﬁeIdeetvmeectha masincammanicatenwithithe iegusaial Q@hﬂ?oﬂe‘ﬂem via network
f E redundant wireless |links. The foregoing

%5 d%% SRt ﬁ%ﬁ% 'BAEBGI A showryrthgisppret iskandiSdseomprises Ip-

I etcueR a/0 '&hc@lo&@c@b‘ﬁﬁj% meg%hff‘lbﬁ.}rg éle“cﬁé gg&a%lsgpd S2is

redundanc can be provid y € appli
Jimplyea prasbisptraou sensed ﬁardodamep theo seveaniti islanavsBHhs &l IEMA 4X

Qe 6%] TolBlet, R0 305k 0 Sy Biandl S, Sl iotor or ofher

qubietort feld pleeicey tHeaddreamthélind 5 B ERBY ancIpy
deV| ce 70 17{)31 170s2, 170s3 30%2 [ %I?talngl'ﬁ’ GMrﬁbﬁa?ﬁ bloci
ulas) |I<91 d@yipe, moypEachto gnmerking s mskerivise lpcaztadrw a harsh

éﬁ\/?é&ifﬁ?;ﬁg aﬂérrast er" a%ddsgé%\?s aﬁ%\é&gﬂ‘}%ﬁ Hmi?ﬁi‘ja\g F[/réﬂ E)thed nan

emioswmeanmem IThla wireless dmstérommcret M incRides a wireless master
master-slave” rel ati onship where

rva
?é 1708 p?ﬂ“ﬂﬁ} S TaLEde, Gorhedive, vireiea, st Wireless device
1705]11{[170%33)@9ggﬁbéd1ﬁ)wer el ess backpl ane |inks
118W, 118W2, 118\\8
It can be seen that the servant islands S1-S6 are of mixed types and are
Ioc_gted in mixed environments where hard-wired connections might be undesired or
impracticable. 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 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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. undesir

5 wth the secondary wi rel ess devices

170s1, 170s2,170s3. FIG 7 illustrates a highly desired
application of the system 100 in a sinplified form
In the illustrated exanple, the system 100 conprises a
networ k adapter 112 operatively connected to the

i ndustrial controller IC and scanner S by w red and/ or

w rel ess network connections 14,16 as descri bed above.
I n gehdCgrtaing enwirgymerts qoamgamﬁprtu camsbe crilicad Ithatseach servant

'?Qﬁcf—‘ be q;\‘ﬁ‘ékﬁeéﬁ Q%Hﬁ‘w Itengsh ev?@iﬁt?e f@uﬁf ggﬂgﬁfﬁg 2t a time

erern eac

@ﬁ@afar Reﬂemng Wwnho HIGs 8altd¢aw be fse@h dhatee ogiselédialinks 118W1-
controller 1C via

TR SRl ool B b cBlee R iapter adeviteolth and the

sheanterisiands | $1.8% & GHEBeds &y 'tﬁ’e %ﬂe@guhﬁgte'r/ Qccorfhng to

dev ces located in a cabinet encl osure

qdgkmised; messials k- Te.a SHSBH Bestemutius degairasothatieaichi servant

St SO B ARGE %, BRB s o

nodul ar
moster nmduiﬂ Neand dbe wedpectife sdrdantewireless nheulegrSdaBB comprise a

ed | P-67 | t .bl
STy R, P 50 SRR SHESE. e o
a@hfiguabRemtaeess, 4 Prayriidfizbie rﬁ@h‘nbfﬁ Wﬁr‘iéﬁtabi@ﬁﬂgtar}ﬁ%ster device

sl_&r:vant i sl and 6 is intrinsically éafe nodu
fRF skpring aqWnigee ideplitey foe easly swmhsa!ﬁvmewe adwtamemsthe time-

JERSRL of @Qéhﬁﬁmﬁﬁ’ 'dQ%' &H?ﬁrﬂFﬁlgéfeﬁigé Sclé@{ﬂgﬁéﬁ:r Ts. él;g Sontemplated

170m and e 1slands 1 nc
thalr thariimesloksl BsTs drdivem:eed ﬂ@ﬂu&é@bﬁn@ﬁidﬂﬁﬁ%frﬁ@ ff time and/or
t.he servant islands Sl1-S6

PG ol (B3 15 SEER AR bR o seabeta that are time-
lmmslfrwggntﬁermﬁﬁéﬁc@éétg mohgﬁnﬁgPHé\ﬁCngQﬁiaf@tEhtIn b6 alternative

25 inpractica he's
embodigienti fish asgvhen averreadspeatiun Mmatqswprcmm mnwlarheraed the

L g REHALI88TS S SS10E) SRyt Dbl e

can conmuni cate
mastee| dedoemi tad dwlgemmf@!ran@pwsscatco%mgw foha kR  2nd/or
| ndustrial controller IC via respective wireless |ink

TeqUSREY 15118 BING FHEMEnWNELR it Wikeiass diks VIBWHCEEBWG are
dédséﬁtéd f5a PaicLiaP $idg g&g‘fo d?? i Eéd’é‘ p‘aPc cﬁfapfreg@en&qn a'belect

certain environment IC& 1 ons,

tipe istof saredusa the aumbetemf\mfferent ﬁ‘ethdm aguda:m sletused. By way
troller at a

of BRI, SPicBRcie 14 6o i, dleaiedslind Bd ipe Satsobeaina T2
tot lestabliste ther &he SSahipk SwitdB¥ -links 118W1-118W6 according to:
118WI1=F1@T1, 2118W2=F2@T1, 118W3=F3@T1, 118W4=F1@T2,
118WE=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 méster
and also comprises a visual display V that provides visual feedback to a user that the
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118W6 respectively established between the wrel ess
master device Mand the s servant islands S1-S6 are
initiated by the wireless nmaster according to
predeterm ned time slots T1-T6. Such a systemthus
requires that each servant island S1-S6 be uni quely
identified. In one preferred enbodi nent, the wirel ess

bR ERBeaE iR 7 THREE: NI ALNS S——
capnStiqyut &1 FIE) JEwhe §%Ftrcﬂﬁofdtri@- ﬁdMsh@@%rolkéiﬂHﬁéy% the wireless

and/ or other io configurable neans é . g.
s %ﬁ&%mﬁrbﬁes Ssisgh iselerliablg @nﬁﬁ@rﬁaon device such as a

309 S0 B i SRR 5 of s S9GIRPRSIEES1-56
"glsgarompiises al sisualcdiapiani Ve dhatdprovides visod fekdbackltolTd,uset to this

i t welh time slots T1-T6 will exceed
ﬁffeeege%qfﬁlé@%@‘g ﬁ%\n@ltﬁgqﬁ&t ernms of tinme and/or

capaciThy wihelesshahastér wemﬁﬁr‘isebaaﬁ%lééthcé]ecéﬁ%tdromc that is
send%g%a t hat are time is insensitive e.

5ehy Fea repstel bagkplene 44§ @ndirectyolgtal ﬁl%tne%ftctfk aflapter 112,

The Mdstariakkpifhe (\%ﬁ?%ldes dted FH6 tﬂ?@ﬁw@fé@? Bster M.gr e be part of

spread- sp ectrum prot ocol Is i
ane eqre@s)re otiles deviges.- 1'[8@/\ﬁwmmsmt|mdmaeam S6 compnse an

LA i S Ve % O SRR e

e servan

Omee g emary 1D mdnmshmoarmm’cérm Mhéf ﬁefdhée\)%efseéu%ﬁ s sensors,
11 nks 1%8\/\1 118W6 are 20 dedicated to a particular
MPEYS BRE Jheplikethat mush epmeynigateanith the ladustr@lcgmﬁouennc through

ﬁl@'VﬁFélesstméEEeﬁgOt to reduce the nunber of different
frequencies and tinme slots used. By way of exanple,

f r eqisraiiows iF FIG2, 978 and 9B theainbstea M dnd lsenvagt 51466 dawces can
le wirel ess

o s i oot 3. BBl oal Tt oS e Eaee ., USB.RSD5Y) or 2

=fR R
S A WA AT

Fl

intgrfaga devigg B&ge st &) sughcrssi desisiop, laptopchand-beld computer or
Lot he

oFlrSey L REIANE by, A B B DB ShORe e i

cammecbasl Mocrrmnrm anasser csebe@:hﬂblrﬁodm@nh,sw%l e  module
urati o

devi ce uch. switch D for confi
bR RE G Bﬁ@Jh@Bﬁ%‘-}Cﬂ%gh%owrahmOIogy of the
Shl 250 e [ 0
e 200t s o, S0, 51 e VSR RH U UM Physca
logatipn of they waisus mpdides MSiI-S&,etheSDpa'atmgl parameters of the device
such as the type and quality of the various wireless links 118W1-118W6, the type
and number of IfO modules 120a-120f or other devices connected to a particular

wireless master or servant device M,S1-86 and/or in the entire system 100. The

‘user Interface device PC can also be used to configuré the wireless modules M,S1-

$6 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-
56, directly or through network 16, it can be used to select and configure, monitor
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as shown in FIG 9B where a portion of the housing is
broken away, the wireless servant nodul es Sl1-S6
conprises a user selectable configuration device such
as a dip switch Dfor configuration as a particul ar
one of the servant devices S1-S6 and s al so conpri ses
a visual display V that provides visual feedback to a

i Bl S U Bl S S o
cprefeedothala paradularsdeviceMss-&6 E&nﬁuﬁﬂ%rﬁj’l X\gﬁcﬁ%@é? interface

118M or directly into the network adapter
161 PG RERfe:3 Miskialpngéon aHdiqy pakpyl Signelovia frdieitors! 126m, 176s or

NASLE Hi r j t her i |
eeF sblegiy FBuGE fRGkerX b B RAG Bl SV Bpmupigation witn
dhe usgrdotarfacateiceP@ct or SC for being connected to a

| 18S. al i t 1/ 0
roaul HeIRERARs 00 anirtighs S ot o thbNet odbeuem e art. 1
seintarnded thatbtheldins delddRstrideRliteRAl a%ﬁrga%@&?ﬁ@i ©%hE doctrine of

with the industrial controller 1C throu

fAvIKRIERTs 99633 Br engompasnall sudwmadificatians, arginalierdtian, tot the fullest
@ﬁ@h@gv%g@qmg&rf\?%qéwﬁl- S6 devices can also conprise
an interface I, ich can be a cable interface (e.g.,
USB, RS-232) or a wreless (IR RF) interface by which
t hese devi ces can communicate with a user interface
device PC (see FIG 7) such as a desktop, |aptop

hand- hel d conputer or other device conprising a
visual display. Wen the user interface device PCis
20 connected to a wirel ess naster or servant nodul e

M S1-S6, the nodule comunicates with the PCto
provi de data that describe the overall topol ogy of the
system 100 for viewing by a user on the visua

di splay, including the physical |I|ocation of the
various nodules M Si-S6, the operating paraneters of
the device such as the type and quality of the
various wreless |inks 118W.-118W, the type 2s and
nunber of 1/0O nodul es 120a-120f or other devices
connected to a particular wreless nmaster 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 nodules M S1- S6 as an alternative to
junpers or dip switches D. Wen the user interface
device PC is connected to any one of the wrel ess
master Mor wreless servant devices S1 30 S6,
directly or through network 16, it can be used to

sel ect and configure, nonitor
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18 and/or otherwi se interact with any other device

M S1-S6 of the system It is nost preferred that a
particul ar device M S1-S6 communicating with the user
interface device PC provide a visual and/or audio

out put signal via indicators 176m 176s or vi sual

di splay V or audi o speaker K to acknow edge its active
communi cation with 5 the usgr.interface device PC
Mbdi fi cations and al terati ons@®Pl occur to those of

ordi naty sk dibtribGtedBoditdr- m;b&t/odtﬁut‘ SeRf&shn JS :the
clainms be construed literally and or according to the
doct r ihePBRATY e Wirelpas cdavices adamed otae heowparstively | cannehted to an

"ﬁ’ﬁb&hﬁaﬁtlh g rations to the fullest extent
avai | abl e un ('ar t%%ngw 19 Aaims 1. Adistributed

modul & secapdary wireiass dsvisd physicaiiy dissorrgcted fRinh M Mrlmary wireless

R B B R R o R s

vdavizkdrysa maw‘pélgglba@kﬁwnéjﬂﬂ@onnect ed fromthe
pri ma W rel ess device, said secondary wreless

devi c @¥ I5a8t-one 'OBPWO%VHB@@@Q opgrativiely pennagtad tpithe seandary
AFkieS daVica, RherBR ah YUshGART Fi e{?iarféﬁﬂeaé&ﬁnéét%f léod%%% af %égt one

one |ng?t/out put nodul e operatively conne
W meduleisesiaptdd\to cemmuininats with thesssocindaadustrial

ct ed ai.d at_ ] east one
chfStief 500 SRNREY Flreleds BBute. By dsSRRan Wiess psipiansuink,
aaSsmdgrmthwm‘emsg delice.control l er via said secondary
W reless device, said primary w rel ess backpl ane |i nk,

and said primary wirel ess device. 2. The distri but ed
-nodular i t i.n

conpr si nor bl mbler e/ oh Gt s Askef bty eaim 1,
emprisng: physical Iy di sconnected fromthe primry

wirele ndec conprising one or nore of

saidd ﬁ'@[ﬂ? f’(a?fc ﬁff r e@%é F%M'F 2iysicaly digcanmeeted §rom the
prandryovirsiabsl dRORe ST YaoM E:Srhﬁﬁﬁn&' e‘()Hec 87 mnﬁ@ esekdiY Sh¥ut/output

ected to the primary wrel ess device
@@-B%%tqpﬁéaq&r Woanegted dhereto, each of said secondary wireless devices

operatively connected to the primary wireless device by a respeciive plurality of
- primary wireless backplane links.

3. The distributed modular input/output system as set forth in claim 2,
~ whereln each of said plurality of secondary wireless devices is uniguely identified and
wherein said plurality of prima'ry 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.
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primary wreless backplane links. 3. The distributed

nmodul ar i nput/out put’ systemas set forth in claim 2,

wherein each of said plurality of secondary wirel ess
devices is uniquely identified and wherein said

plurality of primary wirel ess backplane Iinks are
established using a shared segnent of a radio

frequency spectrum 4. The distributed nodul ar

i nput/out put systemas set forth in claim3, wherein

sai d | MBa W Lﬂﬂﬁ/ ' e < .
respe?tti vel ye E’{#@éﬁ%‘f ni%@(}?ﬁdary %‘t@zﬁs*@%@&%ﬁi ‘%’&JOFB in claim 3,
apmareini eanhe of isaiel phmality | ofesanddary mwirelese nigivicey €ofhiges a user
t [ rioary. wreless, device. ,20.5.. The djstributed
et R, Bvies apeh tniien{ Yycdiones ronch of g, Secondary
Wirdl@esiegiaed) of said plurality of secondary wirel ess

devi ces conprises a user selectable configuration

device that uniquely identifies each of said secondary

el . . . ) :
nput 7 sut pu S ould MR GRSy s St forth oy doim 2,
&ather icompgsing ?Ipm:*_agﬁytoi rﬁdunélammmd_as's lixﬁokplags ﬁ?(lh?ekm efhsaid

j redundant - w rel ess bac ane
FodiZen e trERtng (iR e RRS AR EelE o REAPG i from 2
filst she ofsaidbecoR P aRvant HEVIESEoTRIBId ofle¥f §hd
to a,secaond one of said secondary w rel ess devices or

$aceRdany virelass sigyiges,pr feora said qsimarg Witeless dedite taore of said

SeSRPATIHCHEL SSE, IR AFSug PRSS bflGAER
edtatdishat least oner altepsative aviraless catinaumigatioh patt mfn agth
rimary wirel ess

dar i rel ess _devi.ce .and sai d
FEORGRLY Whrelees Gevic and s BEMADEITIEST H9HRS out put syst em
as set forth in claim6, wherein each secondary
Wi reless device comunicates to said primary wrel ess

devi e vi Bhedisuibutatbvodularsisputyodput ?);fste;_aias sgrdfortgmy claim 6,
Y8 $2h pebfr iR ool sl i e

devipe viacaimplianedys userobsnseft said prithahywipblabsatkplaid el ahd one
lurality of secondary wreless

t least sone. of said .
0@5@? 5%@””&1?5@’5 WE%*E?%'BBQKH'%"% lifkSar ent envi ronnent s
relative to other secondary w rel ess devices.
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-65,1IP-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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9. The distributed nodul ar input/output system as set
forth in claim8, wherein said different environnents
include at |east two of IP-20,1P-65,1P-67. 10. The

di stri buted nodul ar i nput/output systemas set forth
inclaim9, wherein at |east one of said secondary

Wi reless devices is an Intrinsically safe device

| ocated in an expl osive environnent. 21
...................... 11. The distributed nodul ar

| nput/ QUL PUkheSgiStiBiNed tndlar i /oulilit Sy St o s R PInHaim 3
each secondary wrel ess device conprises a visua ’
d i@}?f%@ caHbsecpndyy udreless deviea eomprisgs eatisuahdisplay thatipowddes a

[ isfhen- by [ WeR el ess device is |
ool aiEdtoRor Rtk B7 WH seBl bgRATu A delice i
i opigugly idgntifiedyst em as set forth in claim1, wherein

said secondary wirel ess device conprises a wreless
link quality indicator that provide visible indicia

of qualaty Thb aligtfibited nokuld iRt SRplp sem! dsker bith in claim 1
The dij stributed nodul ar input/output systemas se s
fWherRIn $aid |sgrondary wikless davisaicampriseseaswirgless link quality indicator

[ G a j (YA ratlve .
oI R PRl Bl B RSP B s e
one of: (i) a block input/output nodule; (ii) a

| urali,t f i.nterconnected nodul ar i nput/ out put
rodul &3 15 FRBU RS 14 dap M SYRIRL S SR in claim 1,

Smsar & . . ok . . _

W rel ess baﬁapslf gir‘l]éeh}p:uﬁlﬁﬁﬂggir:rgﬂp ialsﬂgsmg@?%g{b on%?drp%aéljcre\)ﬁgﬂdﬁnected
0 theasecondary wirplesginndulerompisas doe af: (Irapblocioinputioutput module;

' {1, [ i d dund
SR e e R e R R R o o
primary wreless backplane links in terns of at |east
|, ' , , d l.
To. e ar el a0 madhioh inaLpuEmS e a5t it len 1,
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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 wirf—:less device or one of said secondary wireless devices, said human
" interface device 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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of secondary w rel ess devices, and wherein said

primary wirel ess-device and said 22 secondary w rel ess
devi ces each output a visual or audio signal when
communicating wth said user interface device. 17.
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20. The distributed modular inputfoutput 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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