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1 DUAL REDUNDANT FAULT TOLERANT ELECTRONIC SYSTEM AND
METHOD FIELD OF INVENTION 5 Embodiments of the present
invention relate to the field of fault tolerant electronic components for use
in various applications, particularly in avionics systems. BACKGROUND
10 In various applications, computer systems are required to function over
a wide range of conditions. In some gystems, fault tolerance may be
provided so that a failure in a single corlr;%onent will not result in a failure

DU EERHYRONE A ATk QbR e lorie BREP B SilGHE 1) AR, ME THOD

reliability is critical for surV|vab|I|ty and operational success. 15 One

method of achieving fault tolerance in such systems is to provide a dual

redundant system. The conventional approach in implementing a dual
FIEL R REdRMEReHite ure provides two identical avionics equipment

Enpeskageddothibsysteant Foventamplbatevto $seedisite aonpbmatsndt spatitenic
cofiRgERIg deplicaluncipns s deHsrd PRI ray L jalerance. If

the first component fails, the second component can automatically 20 take
over the requisite functions. Modern day avionics equipment packages
can perform many functions, have a faster processor speed, and provide
Bmwmut and/or bandwidth capabilities. In these systems, each
piece of equipment must be designed to handle maximum power
In P@HB%ﬁl@%‘@tQﬁﬁoﬂﬁﬂp&f%@’%ﬁ@%ﬁ{@ "8?&%“’89&?&\‘881%8\‘? paékggaage of
corslitipesatingat é sl siepacityitthiereassthep tiee pisvide$ sttty a failure in a single
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First, particularly with respect to avionics equipment, space within the
apeﬁﬁhoﬁﬁtﬁé“&ﬁb?%fﬁN%'ﬁér@ﬁéﬁ{eﬁWWﬁ{MV ﬁP&xﬁaﬁ{a"@E}QI Tirptnents

uses a great deal of the space available in the aircraft. Additionally, each

oy %IQHSQC%B%%Efﬁlh%%‘?a%@ecﬁﬁélﬁ‘ﬁ%%@rﬂéesoﬁm?% R&RBdant

connections require large amounts of cabling, which further reduce
sysieallabie spARENSORRI dARBIRART A dPRRMEBURIZn CEBIESHRTRE! Ashiseture
pradcise teablésntegUiredrioscoquipoteth e kagre asdtbe\gteund Reeigkdropithawo

sePUGHRM RIS ABRIE RSFHWEIBNEANREIY identical functions can be used to provide
fault tolerance. I the first component fails, the second component can automatically
take over the requisite functions. Modern day avionics equipment packages can perform
many functions, have a faster processor speed, and provide higher throughput and/or
bandwidth capabilities. In these systems, each piece of equipment must be designed to
handle maximum power requirements, although at any one time, one of the redundant
packages is operating at full capacity, whereas the other is on standby. Unfortunately,

such systems have some drawbacks and limitations.

First, particularly with respect to avionics equipment, space within the cabin of the
aircraft may be extremely limited. Providing dual components uses a great deal of the
space available in the aircraft. Additionally, each of these components must be
connecied to the overall system. These connections require large amounis of cabiing,

which further reduce available space.
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correlates to increased fuel usage when operating the aircraft. 5 Finally,

providing redundant systems greatly increases the costs associated with

creating such systems. Each individual component must be purchased in

duplicate. Similarly, all of the required connections and cabling must be

purchased in duplicate. It would therefore be a great advantage in the art

if a system and/or method could 10 e developed to overcome one or

more of the above-mentioned problems. SUMMARY One aspect of the
Adgificaally i flleiiiBn HRVIERE SARRRBIETaRt YWRltéh NS GBEFoRfkirgd to connect
thepomMpoeasss tiae @gystemvaaghpriging e adirgti ersahMothale dseto caightV Mk tly

I ithi ing. a Module Eurocard

co%ﬁ%‘?&gﬁ% giec\%ﬁéepaﬂ w%%ﬁr?@d@ﬁ%jﬁ@g&%h%}/ﬁ? said first and second

VME modules are electrically isolated from each other and are capable of

FirplgvidingithenticaluMiith: forttonatitga?) inabessatehrembatimastsiaadhwith
aid first I ) ane.
o B R I B RERI AT (R IR e,
Sirpizdyspitef e pousricrrereisrsan 6&%3}}%&9@&6@5%&7&??? icate.

input/output (I/0O) card in one of said card slots. Each of the modules may

It \)%?Rdza Q#Hrdeet?é L??géé)c U:él[?w[ﬂy é’ER%Q/ g)[ W%?gﬁ,%%g r@\,@th?d couid

external connection to said system, said I/O chanriel being electrically
be Qsvivianed 1B aVBIGRANE BN UBM LR RS RQEHALEHHENS S R'ERISTSt said
VME modules. In some embodiments, a fault in said first VME module
may be automatically 30 detected, and, when said fault is detected,
control of said system may be automatically switched to said second
Mbdule via a control command provided on one of said I/0
Oreoaspetinos i Bradtemntesetiohogtioveiis, 4hautpotéottpuyehan et wlaytronic

co_n%cprﬁlngcg?gng i t@%%ﬁnﬁﬁ@%t% ﬂ%?@?r&? %ﬁ%a@@r%%‘iﬁ&ﬁ@f gaodu!é

Input/output connections may be selected from a roup consis ,8'
logaipdiMith ity %rd}%ié't%?;lcﬁlé @'ﬁl?fﬂ'f&l’\é?é% Module Euwrocard (VME) module

located within saild housing; wherein said first and second VME modules are
electricaily isolated from each other and are capable of providing identical VME
functionality.

In alternate embodiments, each of said first and second modules may be located on
a single backplane. Each of the first and second modules may further include: a
plurality of card slots; a CPU card in one of said plurality of card slots; and an
input/output (I/O) card in one of said card siots. Each of the modules may also
include at least one input/output (I/O) channel providing an external connection fo
said system, said /O channel being eiectrically connected to a plurality of user

defined /O connections on each of said VME modules.

In some embodiments, a fault in said first VME module may be automatically
detected, and, when said fault is detected, control of said system may be
automatically switched to said second VME module via a control command provided

on one of said /O connections.
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Master ID, a TTL discrete in System Handover in, a TTL discrete out
system 5 handover out, and a communications link between said first and
second backplanes. In further embodiments, the electronic component
may be part of an avionics system. The system may also include an
electromagnetic interference filter electrically connected to said 1/0
channel. Each of said first and secord VME 10 modules may conform to
a 64 bit bus VMEbus standard. An alternate aspect of the present _
In pRRSAREH PrEGERCA MR INRIFSIEDIdITGIR0R! (BRY PR PIBY ERStifEnR Single
cosaEBReNentsaliehmeaihad conepsEgdbimstepsi/pugidiogneetiteinyersss be

selglcqgc'i'lﬁo@@é%%é%\%@%%&a'%ﬂ%gtw innr% ?&8&'@3%@;’2& c\il;fl?%ete in

roviding a second _ ule Eurocard (VME) module In
M%Sé%_ ’l%u%iﬁg’flwﬁ@r‘éﬁ%éfd frsiefd 4RE Y ME AddiedizaEisicticumem
hataaée ditoamceachrathenionsbasdicapablesh peayitlingaicte siicahd/ Mickplanes.
functionality. In alternate embodiments, each of the first and second
modules may be located on 20 a single backplane. Each of said first and
In JuebAY RBkRAESSALY fRnelerENTHe CRMINARARY BtvarkEsiptst &TCPU R4RRics
sydfeane ofisaidpiusalityraf carsbsipisiuaadaan énputtpnspue{llOnhraterémonefiter
sail C In o bodi ts, ' u
o e e ?%E%Lmﬁg‘éﬁo‘%ffh%ﬂdnri‘%%éﬁé SRaE

mecsHpRebtay $8rHI IR RikBPeI MRS /B EsiRidctions on each of said

VME modules; and said method further comprises providing an external

' [ ' " t ' 1
e el T b
toi@menf@am)@%m%@m%mm A EORREEREI ARy SOR iy oviding

a eesntrokedsaltosystemisaid sva0nd Mviiieodultada witante| temmanend
i ' i 4 t badi of the_.
e R A e S Aol R

hopfitAiotiie Rotie diishe MbRPEPGFYYEoRGSHIRS e BlsRtisrivtisolated from
eattaBgisiastagics(Edpauiser eteviiviprientby &/ TELfdistigtelizy. System
Handover in, a TTL discrete out system handover out, and a

communications link between said first
in alternate embodiments, each of the first and second modules may be located on

a single backplane. Each of said first and second modules may further include: a
plurality of card slots; a CPU card in one of said plurality of card slots; and an
input/output (/O) card in one of said card slots.

in other embodiments, each of said moduies may further include at least one
input/output (I/O) channel that is electrically connected fo a plurality of user defined
/O connections on each of said VME modules; and said method further comprises
providing an externai connection to said system over said channel.

In further embodiments, the methed may also include the steps of. detecting a fault
in said first VME module and, when said fault is detected; automatically switching
control of said system 1o said second VME module via a control command provided

on one of said |/O connections.
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5 and second backplanes. BRIEF DESCRIPTION OF THE DRAWINGS
10 Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the
drawings, in which: Figure 1 illustrates a schematic view of one
embodiment of a fault tolerant system 15 according to the present
invention; Figure 2 is a flow chart illustrating one method of implementing

ABA DR o RTRREEMRTFOSRREBIEEIRY #lsP0RTYIHR BesSiensuPLRaIRCting said
usdhustriie) apditioalistepsnactivni dveicharigpbiigueedsang dfiguradsister to
wafiQshRedeHatiag e addidensl stepe e daw shad ot aNES i, -
25 DETAILED DESCRIPTION Figure 1 illustrates a schematic view of one
TTLASSHRRT SV TTURIDRISR QYs@RMA, aRosyneniptiRmliathPaiesa esiddirst
antweerad babkeleaesding to the present invention. 30 In one embodiment,
the system 100 may be implemented using, by way of example and not
limitation, a Versa Module Eurocard bus (VMEbus) architecture. In a
preferred embodiment, the system 100 may be implemented using a
BRVBFEDBE S GREP IO NI EtTier: HieAMEEBis understood that the
embodiments of the present 5 invention may be implemented using other
bus architectures and other bus widths, and that the discussion of

Empaoeines sy didifs eittomiwd By RaleorenaisiredARd reaierRPasRmisioone
of brdinarg skidystemaih didnatiséers|datadretiweendeantiptitet, bycamponerisnple

on'tg%% %%ﬂauﬁggrﬁﬂ%e&g@m%gﬁp@iﬁg VMEbus standard outlines

e specific configuration of the car at provide the input/output
functions to the card. By way of example and not limitation, the VME bus
Figgtendaitidstaye samyalyanititicANSH B BReSteh IdHiA<A8F, AMSINEI¢ant system

ac&é{lc%%’t Qih%t%?ésﬁﬁpﬁ%%gﬁown to those of skill in the art. As stated

above, other standards may also be used.

Figure 2 is a flow chart illusirating one method of implementing fault tolerance in the
system of Figure 1;

Figure 3 is a flow chart ilustrating additional steps in the flow chart of Figure 2; and

Figure 4 is a flow chart illustrating further additional steps in the flow chart of Figure
2.

DETAILED DESCRIPTION

Figure 1 iliustrates a schematic view of one embodiment of a fault tolerant system,
designated generally as reference numeral 100, according to the present invention.
in one embodiment, the system 100 may be impiemented using, by way of example
and not limitation, a Versa Moduie Eurocard bus (VMEbus) architecture. In a
preferred embodiment, the system 100 may be implemented using a VMES4x bus
architecture. However, it is understood that the embodiments of the present
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10 The system 100 includes a first VMEbus module 110 and a second
VMEbus module 150. Each of the VMEbus modules 110, 150 may
contain one or more VME card slots (not shown) used to connect one or
more interface cards to each of the backplanes 110, 150. In the
embodiment illustrated in Figure 1, VMEbus module 15 110 may include a
central processing unit (CPU) card 115, a video card 120, and an

mvm&%%m&'/%!@%mge GRlehldPer nlatiun s énadmetggmxms

|nc ude a” central processing unit (CPU) card 155, a video card 160, and
anc i O RSO KL HTTBE R TR HBH BhaamRigerbr

smaller number of cards, each having a corresponding slot on the

in Pasas 110 150, nayide,usehsasdasied- glndhe @y@tqggt%@@m computer'

MEbus module 110 may be considered the primary module, wh
COMAGR ‘Hﬁb‘?ﬁJPe%@PH@y%é’%“ﬁﬁBéféHﬁH@@ecﬁ?‘?dXMﬁ%ﬁﬁi@“‘i‘?fg outiines
thetupdeBiaodfiipattion \teesearaipiaks thestéddrire rpitioetg e hivotiomettt the

carsacgykoép%{réngﬁ@ 15{119 A&Q.PM@AM’ Q@\W%%l SQRfgUrRtiaN &fnww Bwith

d 25 interface cards to provide a dual redundant faul
AN&J éﬁéﬁt §§¢stéFH 43681n ANGIHET prdrdfdt 8%88%%@?%&8}%‘%?‘% o those of
skilVivlfBb st missl sisted 200vS Otheasfardargrintaf alssimgledsalickplane 102.
However, it is understood that two separate VME modules 110, 150 may
also be provided in a single enclosure or chassis as desired 30 to

T RO SRR RS SR 108 SRCoSSHRsd SiMiehi e

158y sEarh160meaylainimnoiedelas tlectiGinagpeatiofdterofEMI) hoerd/VBD card
slo@;n%i\/'é%wa)bsa@é@ 130maelnckide one\aranpie PIHerialdeoRN B Sof the

that provide various electrical and/or data S|gnals to the system 100.
FHRIEE, dion oHHG & VRRABUSy PG TLFRIGF o JNEFpELEH e
1 mcmmyectdmhavum@ﬁwbpsmmmgmmytb)eamd 16, comidect theis\leand an

mp%x%&&)u?t{é )QR{QHQJ?@'&%WQ!’JG @%ﬁ%p@ﬂ%@“@@@%@@%&pmdude a

shown in Figure 1 illustrates the external connectors 132
ceRERbRIARSSE RS EHLRIE SO 8 1@60.9@?16&8@88@&5&%&*(8%% )

intedacecton TB6thitds majeaismbeahmed|arger or smaller number of cards, each
having a corresponding slot on the modules 110, 150, may be used as desired.

In the system 100, VMEbus module 110 may be considered the primary module,
while VMEbus module 150 may be considered the secondary module. 1t is
understood that the reverse may also be true. In a preferred embodiment, each of
the modules 110, 150 will have an identical configuration of VME card slots and
interface cards to provide a dual redundant fault tolerant system 100.

In another preferred embodiment, each of the VMEbus modules 110, 150 may form
part of a single backplane 102, However, it is understood that two separate VME
modules 110, 150 may also be provided in a single enclosure or chassis as desired
to implement the embodiments of the system 100.

in one embodiment, the system 100 may also include an electro-magnetic filter
(EMI) board 130. The EM! filter board 130 may include one or more external
connectors 132 that provide various electrical and/or data signals to the system 100.
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Data may be routed to/from each of the modules 110, 150 through the
external connector(s) 132 along data path 134. In order to provide for
fault tolerance for the system 100, data path 134 may be split into data
paths 134a and 134b. Data path 10 134a may be routed through an
electromagnetic interference (EMI) data filter 136 to the first module 110,
and consequently to one or more of #he cards 115, 120, 125. Similarly,
dat ath 134b ma be routed through an electromagnetlc interference

RI& ﬁWé’Fﬁs ¥89h8 sEbrit ddaie™ 50 %n FESHRE Rie Mo RES ©f
coomentom dfavheg daml sa55pf 80ret6% 2y his witidoe tdisonsset! inensysdadetaflo to

oﬂ&@lgwnw\sﬁhéﬁterewr%uéﬁﬁ@ RGeSt DRerX§nahtannestarsnl 32 Make 1
mclude% E/fe of signal conne ion that ma be useful in transfer{tﬁg 3
i e

ugHESD PROGHEETEES 1 B?/mﬁ/éﬁfﬁ BRI R AR ot il
13¢het mnn@@tmmﬁrmmﬂ@mtamotywmmMMrmmﬂ@ blausemnector,
and the signal connections may include graphics signals, analogue
signals, digital si nalf etc. 20 Each of the modulfﬁ 110 150 may also
déb

Dalg DAY iRterREdr RN et eh &ty e pRRAdIRg d HY PR daR frgernal

conmedides 118 aEOandithpathridiés dardsign & re0de 6 ket 8DaaeS5 for the

syé‘e’eﬁﬂeﬁét}/e&bétéf hege CONRRGTIBRS B ?{Hkﬁs&%ﬂgegaﬁ@y%@g‘aé'f%% Data path
connecth?z 140 fohﬁ) ule 110, and connection 170 for&gg&rle 150

1358 ORYCRR GESH ADEHELMEINE WIPHE8RER %ﬂ?ﬁé"er s 10
theafifslicadnlef the, aydteonsk@Miantihéopresant matbafitherntatte mdduRS 125,

s.r;hﬁQrtylS&la@apfa@mf%@ maﬂ%evﬂglﬁ%sﬁ@%t A %H"a@&%rﬁé{?f@ﬂtbm%ﬁ@ggce
wer Inpu ower u ma S INTO INpuU
e R A S e or TR s TGRS HBA, P08 & More of
thepowrds filter, 180, 182 rEsipertiviedydBiteesd powmfér@mathbslm&@ratm%brence
to PR %%dﬁb%cteq'i'ﬁioe%g#@i %BWO@&W@( @Qﬂ%llﬁf:!g:’lgwéﬁysqw dB4ignal
en pe used 1o | enden ower mo e us ower line
OB RO ATAR S80S R0 Bt LTS (i DB L b 2
qucxwgwsumlamﬁthetrimrﬂaﬂ@s 1he cbbdestasualBy dhtlighe mmmwcmlar or
reﬁgwﬁlw%hﬁ&t@&“%mﬁ& BRipediads Syl FRYundrie 18 Hlfics signais,

anap]gue srpgnatis digital signals, etc.

Each of the modules 110, 150 may also contain internal circuitry (not shown)
providing connections between the modules 110, 150 and the various cards 115,
120, 125, 155, 160, 165 respectively. These connections are illustrated in system
100 as connection 140 for modute 110, and connection 170 for module 150. The
specific design of the modules 110, 150 will be dependent on the appiication of the
system 100. In the present embodiment, the modules 110, 150 may conform to the
VMEDuUsB4x specification.

System 100 may also inciude a power input 180. Power input 180 may be split into input
lines 180a and 180b. Each of the input lines 180a, 180b may have a power filter 181,
182 respectively. Filtered power from lines 180a, 180b, may be directed into a dual
output power supply 184. Power supply 184 may then be used to independently power
module 110 using power iine 186, and module 150 using power line 188. in some
embodiments, as the power supply to the modules 110, 150 is usually of high reliability,
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mechanism may be required such that, in the event a failure occurs, for
‘example a short circuit occurs on the supply output 186 to one module
110, this does not impact the other module 150, which still remains
functional. For example, this may be 5 accomplished by using a
current-limiting device in each of the power supply outputs 186, 188. An
overcurrent or short-circuit circuit fault condition on one output would then
be contained by the current-limiting device, and therefore would not

thecpogerFERRY bRt oM BihesssUip e foahrasersiafodiiBist nBgdiasnt. 2

m&@aﬂlmwﬁaénﬁgw@ éudhm@pvmezhémm 84imaybriR, snglemadulenort
alo ts 186 1 OUpUL . 186, 188 Yy ratection

Clr%‘iﬂrre }é e suc ﬁg F hid onmo?'ldé%utﬁggt wou%)not a#fec? ﬂ?t the

O’fl“tﬁ'héﬁcéalﬂw Tﬁedm@@llo,stﬂsmwawmsf@rwa%%\n clEtriexpaEindhiBozay be

acd&aplidesppglively. drauaktﬁwnaﬁer@rﬂbad&nea&c%thﬁesymw@y W@outs 186,
18glff%rent Qwer sources may so b% used,..To addressothef 81 then be

rren HORY 200 ac) ndmon 0N Ofie
ems discussed aBove e sy stem 100 may provi

CO?@W@BMI*W@M&‘@HW&%W@rﬁﬂ%ﬂ!ﬁffﬁfﬁféé@a'ﬁ rRetegeysedshefurbance to
thavdtHebusgipredule 110, 150 on a monolithic backplane 102, or as dual

modules 110, 150, in a single 20 enclosure or chassis. In this embodiment

of the system 100, the various VMEbus signals; namely the data transfer
In Bigseanseistrm Yy siionsp Hlustriadire gkt ButhePeisapsteiParaay be a
sirgfleciieally isalaies bomugadsotiser. Ehis syt 8601BROVIgEeRave a protection

d h th M d 110
o A S O R e B O DR O

m%@aimd&?pﬁo’\ﬂdﬁgw&'%@@\eﬁe@m@ﬁ%tw&m pRf2onaPR somestel,

altdhase ginsoalitumenabaimesisnoiihe presafaRveHiver US0ES&PRePriie be
US% ftware commands, to effect a seamless transition from, for example,

the VMEbus module 110 to the VMEbus module 150 when a fault

condition is detected in VMEbus module 110. 30 One example of the

Toconaraas dsctiBph ey dt-gRNGRIRE4e shovy) thel adierh, AITdNAs@IHssad a dual
rec‘%i]twlaarﬁtfe\/ﬁg%ﬁ%eo%%degys’teﬁ%owmc1udes a first and second VMEbus module
110, 150 on a monolithic backpiane 102, or as duali modules 110, 150, in a single
enclosure or chassis. In this embodiment of the system 100, the various VMEbus
signals; namely the data transfer bus, arbitration bus, priority bus and the utility bus of
each system. are electrically isolated from each other. This system 100 provides
redundancy and fault folerance such that a fault on VMEbus module 110 will not affect
the VMEbus moduie 150, and vice-versa.

The VMEbus standard provides for dedicated user input/output pins on the contro! bus.
These pins allow embodiments of the present invention, using appropriate sofiware
commands, to effect a seamless transition from, for example, the VMEbus module 110
to the VMEbus moduie 150 when a fault condition is detected in VMEDbus moduie 110.
One example of the commands that may be generated is shown in Table 1, and
discussed with reference o Figures 2-4 below.
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SIN Hardware Interface/Signal Name Function 1 TTL Discrete In / Master
ID To determine if the System is a Master or Slave. This discrete is an
input to the CPU card. 2 TTL Discrete In / System Handover In Read by
the System Slave CPU card to determine if the System Master is ready to
handover the control. 3 TTL Discrete Out / System Handover Out Output
from the System Master to indicate that it is ready to handover the control
to the System Slave. 4 Ethernet or RS422 1/0 / Commsl| and Used to
pass data from System Master to Comms 2 System Slave. TABLE 15

SINGdlardvware pimstRcelRignal damsing onE YREtIRIY, designated generally as

"1 TeferebeererlimaenadtZ0b, of implementingdautidoletraneainiheasysiemolBQve.

of Fiqure 1. Fiqure 3 is a flow chart |Iﬁh¢rﬂm¢rﬁﬁe#ﬁrﬁﬁﬂnﬂﬂhfb¢iﬁﬁﬁ£’%cﬂffb flow

2 chAH GYRiEalE ZYERRUFEEIE Dlow R Fg\iggr ﬁﬂg;@ggﬁ? GRidipafetermine

steps in the flow chart of Figure 2. T 200 provides a foundation

3 fa rrammmet@ualg@mhrﬁmwmayt b 3C]L®operDgrammﬁ¢hnwaayt®ﬁwemaamm it is

and-not.limi ystem Slave.

a nnnfhm may. be programmed-into-an-external-device—This-will-be

LA LLEN S A

! 2 =
R e S LR o 1 D S SRR
L~ b

dlscussed in more detail below. 15 With continuing reference to Figures
1-4, and Table 1 above, the metideB2E01begins with the hardware and

kernel installation as shown with reference numeral 202. Next, a power
on test is pﬁrformed as shown with ref@h% ce nymeral 204. T £ first

Pz PraoneeIret It 8 0 e R SR TS S5 Sih &% se Erénce
nucierairdie ahiedéfmdningswiStbiemstatas foe tysteard! 12 asBtievin Widvre

3 lgeeterr&m%aﬂms&%ﬁ@@@d;ﬁénghgwaénnTﬁel%lm %%yéﬁ%d% §|gfp%ure 4is
identified as the Tra sr%or Tgansstor Logic (TTL DISC&?{? Masteé

/
2 fqu PEENHRIAG TrrsaRrsing i#iohe P IR CiteRiul MR tied e
mediscal Mete por\Blase aTHigidisdiate forarinpomipitbe @fastbardthatomeay be

préaRbRdisaeny tisynputisprauided frin thatbaskplape thlterpgielyqs, 155 to
implement the control features that are discussed below. In alternate embodiments,
the algorithm may be programmed into an external device. This will be discussed in

more deiail below.

With continuing reference to Figures 1-4, and Tabie 1 above, the method 200 begins
with the hardware and kernel installation as shown with reference numeral 202.
Next, a power on test is performed as shown with reference numeral 204, The first
CPU card 115 on the first module 110 then checks the Master 1D signal to determine
the default Master/Slave status for the card 115, as shown with reference numeral
208. As shown in Table 1, the system ID signal, identified as the Transistor-
Transistor Logic (TTL) Discrete In / Master ID may be sent on line 1, To determine if
the CPU 115 is currently identified as a Master or Slave. This discrete is an input to the
CPU card. In one embodiment, this input is provided from the backplane. Alternately,
the input may be provided by an external apparatus in, for exampie, a larger avionics
system.
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the input may be provided by an external apparatus in, for example, a
larger avionics 25 system. 9 The CPU card 115 then establishes
communication with the CPU card 155 on the other module 150 to
determine its current Master/Slave status, as shown with reference
numeral 208. This communication may also be effected using line 1 on
the CPU card 155. Based on the da%a received and the default status, the

r d 115 then kes a det
A T P R S o e
othan BriscdisteliFingel detRending dEMRASTERt MasisiRIavRrsiateterRSe HMEAY

refe%éﬁeéh%ﬁ@feb{s@mls tonRedarmn@itdienGRAy easd bESetiactt muulyling50 on
inelfl CORUOI=2® HHOND W Lelerence RS 8R4 AIR SRLLCRE dabdey

N set Its status to master, as shown with
cargefetBritennmmlkeal 218CHINBTON 3550 s JBAHERGHRIAIET 2RFhoty wWith

refdAke- ka9 3hown with reference numeral 218, then set the status of
CPU 115 to Master (step 216). 15 If the required status of the CPU 115 is
~ determined to be that of Slave, as shown with reference numeral 212, the

If tnexestipdsstetietef #indiP tha Py deiraMIBS b RoHIARIH0AESH @SntRa"
w;tﬁﬁeﬁ@%@é"’ﬁuﬂﬁ@f@f@@e mamesal 220. i theieRihtardi 166 GPln cantrths on

mo%* o fﬁé ep ésorﬁgfﬁzet th%ﬁﬁﬁlg ‘ﬁjr%fé Cﬁ%%&w%rtéﬂ slave 3RS Beun it 55

Enumer car IS not In control, the next step

is fistin2ZOnRe EGTA RNl SBEmEes iR FRBICPUN B8 toah SRR AW TEHGIFReNce
nudEhreirsenceomeres 2 &inkigniies hantk4 ptepiteta thaw aivdrbl, as shown

wi’tH‘1 atln oz'r\]uem?erFﬁ %gg] n Of ﬁ%t% %f"&’ﬂﬁﬁh%t@%&@&”@%'ﬂ/@f

OVer o car as Master 25 and Slave may be
accompllshed. Figure 3 illustrates a flow chart of one method, designated

If @@%Eﬁlibé@?sf&ﬂ‘%&ﬂ%@mpﬂahm , deteheisedrentilaste pCSEVE barshown
ver. control to the nt,slave imil f
W RN ST e g Tk R A L EFY A 1 on

matidedfeit iSlavatraras ﬁmwaethwfﬁtﬁff?@nwﬂ‘eeajﬁéﬂt Ny R eprd 155

is in control, the next step is to set the status of CPU card 115 to slave, as shown
with reference numeral 222. If the CPU card 155 is not in control, the next step is to
take control, and set the status of CPU 155 to master, as shown with reference
numeral 224.

Figures 3 and 4 provide a flow chart indicating one embbdiment of a method by
which the designation and/or the handover of the CPU cards 115, 155 as Master
and Slave may be accomplished. Figure 3 illustrates a flow chart of one method,
designated generally as reference numeral 240, for the current Master CPU to hand
over control to the current slave CPU. Similarly, Figure 4 illustrates a flow chart of
one method, designated generally as reference numeral 280, for the current Slave
CPU to accept conirol from the current Master CPU.

Whichever CPU 115, 155 is currently the Master sends a handover command to the
slave, as shown with reference numeral 242. The current Slave receives and

acknowledges the handover command, as shown with reference numeral 252.
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30 Whichever CPU 115, 155 is currently the Master sends a handover
command to the slave, as shown with reference numeral 242. The current
Slave receives and acknowledges the handover command, as shown
with reference numeral 252. 10 The current Master CPU then provides an
output signal to indicate that it is ready to hand over control to the Slave,
as shown with reference numeral 24% This may be accomplished for
exam I|n 3, TTL iscrete [S s mH
T MR Br el S A P e R L ey o
ham@ ﬁéﬁd@?ﬁ@f@ iﬁ%ﬁt@@ﬁcﬁ%%‘p@&ﬁ@ﬁ%@ﬂweW@ﬁéﬁ'rﬁéﬁ tﬂe'ﬁskj@ay be
acd@&\@EEﬁéHefﬁﬂérﬂ?hgléV@saﬁé’hb&iﬁ@bom\/m%bfa@@ﬁqﬁsvstmﬁﬂaéﬁdﬁﬂemut
wm&fﬁ%%gg I@&nﬁttg U%é %na O]rl{glga% Orl']}t Fsurrere %81%%5 er
s aninp SI na onl |scretel ystem ndove

thquevﬂhéodhﬁéy@eml,aag sﬁhwrﬁianﬁzhm@mmbeuﬁeﬂt%&e?e@@@m slave

CP‘lberS@ﬁ&\j\Iﬁ SRS RSN G AB5H0R262 Wilh fisieepnsedntemerahd 246t signal
a e cyrrent Slay, then sets its st hown
fiPovmw 5 {’?ér?n%"é%&m‘:él% elé? She esr%rﬂ?oa megn%éjfﬁhggpr%ztoentiﬁvgrh%gh L

Disinigser e S S tEmg tasdRygr Big ik hesikeiianbfitaretAd & ioMieterifhifig the he
cummﬁevewmm@n@m@@é%mr ap showequenesetsribe numeral

248 S0 e defanltalocalod sl 1o unable 10 4K SONIOL G oy i

Slave will take control instead igures 4 show
F@f@@é@e\/m@?@fﬁb%%ards are operating initially and then there is a
handover. In this embodiment, the master is initially in control, and the

Inth p ando god; en O%)%ﬁcutedsga S} lg\?gr(\: Icpne %uﬁt% g ﬁ r|~$t d%il@saﬁié‘@%‘es 2 shows

S may e use etermine WhIC is the

Onﬂ/laﬁth%rf@fv\ﬂﬁ@f RIS Shev A BaiaiRYe e@(zﬁﬁ%@’%& TN IRRIGVREoN

se§UsrRRt Magleravay deseehihatfhhasippsailemastod ithandpidiate e control,
n nds, informi thesaveto tak trol, Alternat
e SRR S T SRR B SR ST A ol e case

whegre ézmtrdmemm@q@eefﬂ%rﬁmcﬂﬁlgihﬁeemﬁaélf@mdhelﬁ]dm|§hf@ﬂﬁ%mn In this
en@@@h@ﬁbm&m@é&%ﬁﬁﬁmhﬁwi@éﬁ&m 2hsudh sl agyassasiateged as

descgitm)gdlargtelgauvrlx gll’% ocs%fs{ﬁ tv r%culgsa e’thogg ernegy? tth%t tcp?o determine which
CPU card 115, 155 is the Master, and which is the Slave. By way of exampie and
not limitation, the current Master may detect that it has a problem, and then inifiate the
control commands, informing the slave to take control.  Alternately, the current Slave
may detect a problem with the current Master, and initiate the control commands,
instructing the Master to relinquish confrol. in other embodiments, external equipment,
such as may be associated with a larger avionics systems package, may detect that the
Master has a problem and initiate instructions to the Master and/or Slave to perform the
handover sequence.

In some embodiments, the fault detection capabilities discussed above may be
performed by external hardware or software modules by way of the signal lines 134,
134a, and 134b. In alternate embodiments, fault detection may be accomplished using,
for example, built-in test (BIT) circuitry located on the VME modules 110, 150. The BIT
circuitry may be provided as part of one or more of the VME specifications discussed

above. The BIT circuitry may be capable of monitoring various functions of the VME



10

15

20

25

30

Master has a problem and initiate instructions to the Master and/or Slave

to perform the handover sequence. In some embodiments, the fault

detection capabilities discussed above may be 30 performed by external

hardware or software modules by way of the signal lines 134, 134a, and

134b. In alternate embodiments, fault detection may be accomplished

using, for example, built-in test (BIT) gircuitry located on the VME

modules 110, 150. The BIT circuitry may be provided as part of one or
magidrs of thd UnAS Y GRdHNBIDEiR d yviheryrsianT iptpelaes saey 115,
12be1capabic tdonemitoringsvaBpuasfusicsamsptd trel VM BriifatimodbteBIT cuitry

ma%ﬁ?e @é%vé{&'é 3 M}ﬁﬂaﬁl@ 308K %ﬁq\gigﬁ'{lﬁ %?Jég&?omé%Eﬁagﬁo@éQﬁgléﬁd 7o)
20, 125, 155, 160, and/or 165. By way of example and not limitatiort, the
funsfiensrelithy medyise eapaanecsiareiiing dhdi @R mokseriaan: an

R3a¢thrptetessiay mﬂrméumtiﬁmmff HheRponm l@w@n@ttassoqjatw'wa@s of a
teélﬁhﬁr{&% ‘éé‘t?é@%%@mﬁ%%%ﬁﬂ&@ R %ﬁ@é&%&%ﬁ?&v&ﬁ&?{éQ&%@Xﬁgg%}&ems
monitor an RS42 y h ed

transmitter out_put b means of a tec nigue ca
andgipeiRPoR B15HBR REP RVRITRE P EIRIMPREBERF RithecRviRtebiSystems

and methods may be employed for use in embodiments of the system

Adé%gné\%ﬁhm@e%&mmﬂ&%é%ﬁ%eww1@%%’ ERHL20H P LR Mlshed

be accomp 10 usm%eoo line 4. In embodiments of the present
usipgdRtibie folmsEaaNEIP TS S) eGSRt dRBAINE. ditd St fimmxtHss, by way of
exatipgnstchanneitafRS4 20 ahamnelsisMRSETDHIS 5B anhaBn@ls, -STD-1553

ch5 RN T brARE SIS At Qﬂa?5&%%8%3%%@%&@%&%&%%@3@9&&%&% with

with the respective modules 110, 150. For data synchronization, eac

thgHesRS YR aLREYIeB1 D! % 55 thalyh Srbasanmal gira|oBe §astisahe two modules
11tetComagdiedebatnm angthepadd eossee hfetbatlatbdneduies ririmtainensure

tha‘itﬁéﬁmn%ﬁﬁﬂe%’ﬂé‘;ﬂtgﬂ%sﬂ%ﬁ”aaﬂh%ﬂj‘%@gﬁgﬁé“ﬁﬁﬁé’ﬁ% R SaS R R s er
may b a For

] Yy be seamless and transparent to the over gs’[em user.

is exaRMERe, it MAvresseptesticHY drispaREnie dlaneveiRitetrsia, ussr.  For

eximple mendednitsingpheatei) ogh20iofdrig use $h2- 4y peavide Coasinudsnented
g ' i . igni t .of i t . -

N B e s R A SR e

avmggﬁé@ﬁmaﬁgme aircraft should a fault occur.

User 1/O pins are allocated (but not defined) by the various VME bus specifications
discussed above. In some embodiments, the user 1/O pins may be connected fo the
various interface cards 115, 120, 125, 155, 160, 165 located on the VME modules 110,
150, without being directly connected to the VME bus signals. For example, the user /O
pins may be connected from the VME modules 110, 150, via the backplane 102, to
either the external connectors 134, or to other modules. The /O pins may be used to
transmit and receive analogue, digital, video or any other signal type. it is understood
that the specific configuration for the VO signal channels shown in Table 1 and
discussed above is provided by way of example only. The I/O lines may be defined by
the user depending on the specific interface required for any particular application.

As discussed above, the User /O signal interfaces 1-4 are designed to operate in a duai
redundant mode with a blocking mechanism, whereby a fault on the Main /O does not

affect the Backup 1/O signal. By way of example and not limitation, this blocking
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discussed above. In some embodiments, the user 1/0 pins may be
connected to the various interface cards 115, 120, 125, 155, 160, 165
located on the VME modules 110, 150, without being directly connected
to the VME bus signals. For example, the user 1/0 25 pins may be
connected from the VME modules 110, 150, via the backplane 102, to
either the external connectors 134, oy4o0 other modules. The I/O pins may
be used to transmit and receive analogue, digital, video or any other

mesaRAPTy PRyt 98 GREEMDORINBAT N SRR EohfificRRAPIR PiHeing disabled
‘fhrﬁ'tgﬂalgaha@wla@iwwn wAablaidard, disenissedrabove isrReavisiedrby high-

im e%%g %&%{n Qn {YY é’s nqea%é)ct“rﬁ SoE)ne thBﬁ c? A fwﬁgep}é ielﬂqg n%ar ut nabied)

epending on the sp ec IC |nter ace required 10r any partucular app ca

fha}&éﬁ(ﬁ@ﬁﬂ%@éa %@éaﬂﬁ‘é %@Pﬂ/@%lg@ﬁamﬁ@#f&c@@ M@rsé%@é%@ﬁ%%d”\/efs
anoRRIahens t&&S%\/é’@dwﬁC@@b@m&@w&W Blackiag HeeBaGSHn ﬂww@@ﬁ ago,
or f%lé Ji%ﬁ N aén e%%g QEO c} tht:b & fsfellﬁu‘? %C)lsS@onnaAéc %WaYn alternate
examp e and not liMitation, this mec anism may be achieved
e”l%ﬁ'@’éﬁ’@ei”&émBé@&ﬁé&@#@%ﬁﬁ@oﬂ%ﬂBéiﬂb@%%ﬁ@o?ﬂﬁ?&ﬁ@ﬁaﬁﬁtﬁ%@”'fy,
adamistial MR disablesk daichh ardriveniseeffadivaly b adught ipipedange, 155,

162?;!%'[%6;3,[?&%% r%flfg %(i r%?;{atlon of another driver (similar but

at Is connect €’same output line. By enabling the
Master card's output drivers 5 and disabling the Slave's, the Slave's

In Chilvgeses &H”@meﬁ@ﬂe[@ﬁ@ @Mmgyswfprba@s n othetr;(aVia@ir@stem 100
proiiaaed %%ﬁgq’a RIER: c%yPtl%WdldPo\mg%ﬂg tenate

embo iment en usm output drivers that (fé nbt hav ?homes redundancy
foreﬁ@oié?@fs%l@’éﬁpﬁbﬂ%‘t?era{éd@i@iﬁ%ﬂ"&lf%lﬁxﬁm hegirnalittoathanibisieshe
paﬁtk@lal%@l@ﬁ%d?ohblaséaaeﬁﬁ& MTIQMﬁﬁénghWtﬁélmkﬁﬁhat these

t r men ck
s g B R T P e 2 B D e
of fM?ié’ﬂdh% SN%%@ %ﬁd@?@nﬁ%&yﬂéwm@'{ﬁ%ﬂl@ﬁﬁé@|W%r‘a@8fosy3tem
levaiain teenmibihsyisterevisin atienatitratal tupsnThe: patisWadesignied the this
enjboalAsn de'UBuyig “%r&ﬁ%‘a‘#%ﬁ‘& (g vay thath G%S%?g@ﬂ%ﬁ{ & by
com med or exter unctionality In, for example a larger avionics .
dirggktetANTISHAch the!isysesery 10t oﬁ@‘”@%ﬂﬁﬁb‘iﬁeﬁf‘%loﬁﬁs fyged to provide

elduirctianadiy. abiheatdigeneysteme system 100, The enable/disable aspect of the
module design (discussed above) allows the direct connection of output signatls which
would otherwise require external selector switches. This direct connection reduces the
number of external signal pins required.

Embodiments of the system 100 provide several advantages over the prior art. First,
using embodiments of the system 100 allows an avionics equipment manufacturer or
operator to reduce the size of the required avionics componenis in the aircraft. As
outlined in the background, in a conventional dual redundant system, 2 identical avionics
equipment packages would be put onto the aircraft. With dual redundancy housed in
one avionics equipment package, there can be space savings derived from a smaller
mechanical enclosure, the use of a single power supply with dual cutputs, and fewer or
smaller connectors.
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level to be maintained even when there is a fault on one of the VME
modules. In this embodiment, the I/O signals from the Master and Slave
cards may be combined by direct connection. Alternately, filter
components may be used to provide 20 electromagnetic compatibility
within the system 100. The enable/disable aspect of the module design
(discussed above) aIIows the direct céhnection of output signals which

AdW%?u\ H" RE 1 deé%‘é&'[}aﬁ'\ﬁﬁl%rﬁgrn?‘%‘&?&eée @éa‘é"ec& SO re,

num er of external signal pins requwe m%o ents O

fh%@t@y@?@fﬁr 160 prSvigRIsEeca At dneageenovelr wnesisermtions ERseciaisthyith
poesthedisenisobihetsysierm Ao nltamsiarasjeriss RRERMRIEAtUIl capacity and

thd W ngg?é’n(l) &grﬁg §’1£t Réggﬁjgﬁ § ﬁ%‘fetﬂg% ﬂSQHE(% avzc!:?w%g %qument

componhents |nt e aircraft. As out In the backgroun

PagRERsnBETAIGLA feRIRgaRsuEhbe daganed tavRW@ée éﬁmﬁﬁw power.
slrmackmeﬁanmlmbbm:pw@m theyaiseraduditbrotal mdmmrﬁaaa)ebwsﬁa@l iR the

ch &Q“Sn%"ﬂ G537 SLIORER e s J% Ca-Blae %t%?“".ﬁgﬁq%eé“’%ﬁjes a
ply

rom a smal er mechanical enclo ure t e use asmge P Wer supply
STl FARNBEIRSLES, Taner fensesiosialke deriagethrn e A@ahmwewlﬂwe

ThiberMedasiod d3aniupl ¥paEdusvingsutesgdrsigpgshin acsingle enclosure,
the total power required, and the thermal management considerations
associated with power usage, need only take into account the Main

TheyeRregramTsesifen LaBAERm cHIRP e Baokifis SySRaR! SYStRmNRIBY Pavides
weag)ntmﬁngacfbrodhme\tmlllqmuagéavsxmasr@q wHamsirtimapaekadatrconnecting

caliQ| ?h 104N AHgr ATLIAYSLP v%%?&gngglt%?n%p Fal aér!&aéﬁ" VR lirther

Ince the mterconnectlon S|gna S may route monoll
WelSHE KBRS {Re2¢diEasishanti®leisrtiens rﬂaﬁéwleﬁm Egnal 'P]§€§’§Ssﬂ'@bé be
haeArireCtar pl@m@&ﬁkﬁ&&h@%& Somtehcagnaetendr RWaiheonnectorisuiel bed

ongfeéé%%ﬁe‘&’léh %‘gﬁ%@ﬁ%ﬁ%ﬁm S PLaYARS Jpradalt @?é R Rne

avings usmg st e reduced size associated Wit
a'féwfbomh*féht%%ﬂ% Bl SkpigEy st S8 viguer wisirceninis fer aalier
cooverRitspackagmsSomstarly thevadignnation of interconnecting cables
required for the 2 identical avionics systems of the prior art provides

further
Embodiments of the present invention also provide for cost savings, as only one chassis

containing both VMEbus modules is required. in addition, since the handover and serial
commupnication signals between the 2 modules reside in the same chassis, there will be
cost savings associated with a reduction in the number of connector pins and aircraft
wiring, since these additional components are not required. Furthermore, production
testing, such as, bui not limited to an Environmental Stress Screening, may be
performed once on the single system instead of twice on 2 identical avionics equipment
packages.

A further advantage of the embodiments of the present system is that power
consumption from the aircraft generator is reduced. With a single power supply and
prudent choice of components, the embodiments of the present system will consume
less power.



weight savings. In addition, the interconnections between the 2 modules
may be 15 hardwired on a single backplane. Common signals such as
Power and Ground need only be routed to a single system. This reduces
the amount of cables installed in the aircraft, which reduces the weight.
The use of fewer connector pins or smaller connectors also helps to
reduce the weight. 20 Embodiments &f the present invention also provide
i R 88452085,35,00% a0 ChaRsls e anlaiping Boll MRS MRAHIeS {3 o
require itiort t over and seral’ communication
m@l@ﬁ%ﬂ@*ﬁem@énbmeniaﬁ%dﬁIé@%ﬁfééeﬁﬁ tHevV8BiAR HasHisWthdre Wfl pecific

embogirmenin gatassodased thanaduclion ivrthe spamdienhefinosmretaisp s adly
ce @ISR UG SHNERIRESE A naFe P BRoNIS e A0 B o
urthermor uction 25 testing suc as, but not limited to an

be @Hﬁf’@)’fmﬁéﬂf’aﬁ‘@ﬁ%ﬁg%@eemng, may be performed once on the single
system instead of twice on 2 identical avionics equipment packages. A
further advantage of the embodiments of the present system is that power
30 consumption from the aircraft generator is reduced. With a single
power supply and prudent choice of components, the embodiments of the
present system will consume less power. 14 It will be appreciated by a
person skilled in the art that numerous variations and/or modifications
may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be
considered in all respects to 5 be illustrative and not restrictive. 15
CLAIMS 1 A fault tolerant system for electronic components, the system
comprising: a first Versa Module Eurocard (VME) module located within a
5 housing; and a second Versa Module Eurocard (VME) module located
within
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said housing; wherein said first and second VME modules are electrically
isolated from each other and are capable of providing identical VME 10
functionality. 2. The system of claim 1, wherein each of said first and
second modules is located on a single backplane. 15 3. The system of
claims 1 or 2 wherein each of said first and second modules further
comprises: a plurality of card slots; a €PU card in one of said plurality of

cL&aukslots; and an input/output (I/O) card in one of said card slots. 20 4.

The system of claim 3, wherein each of said modules further comprises at
least one input/output (I/O) channel providing an external connection to
daid systém|tdaidrdi@ symemdbbelagt@ivictricallyooentse thedsystamlovalityisng:

user defined IDePRRGUING AL RARNLRISR MAE MABHIRS: Beated NGithin a

system of claim 4, wherein a fault in said first VME module can be
automa%‘é?f{/'%eel@ ted, and, when said fault is detected, control of said
system can be& agomativalisesiicchisl BusaidrdeC0OdE Vg niw dotateid within
control commyashgrovided on one of said I/O connections. 30 6. The
system of any one of claims 4 or 5, wherein sajd input/o tlout channel is
provided via 2" 415 SR G oﬂ“Saiaﬁ?é?Ggfu\dd. ?#H&%y@f%ﬁ[ﬁcg#ﬁ?”y
one of tdalated! toB, ehdreitheaiduserrdefimpebinpat/ oupisitridecticnsVME
are selegteddrama group consisting of a transistor to transistor logic

(TTL) discrete in Master ID, a TTL discrete in System Handover in, a TTL
discrete out system handover out, and a

2. The sysiem of claim 1, wherein each of said first and second modules is

located on a single backplane.

3. The system of claims 1 or 2 wherein each of said first and second
modules further comprises:
a plurality of card slots;
a CPU card in one of said plurality of card slots; and

an input/output (/O) card in one of said card slots.

4. The system of claim 3, wherein each of said modules further comprises at
least one input/output (1/O) channel providing an external connection to
said system, said I/O channel being electrically connected to a plurality of
user defined [/O connections on each of said VME moduies.

5. The system of claim 4, wherein a fault in said first VME moduie can be
automatically detected, and, when said fault is detected, control of said
system can be automatically switched to said second VME module via a

control command provided on one of said /O connections.

8. The system of any one of claims 4 or 5, wherein said input/output channel

is provided via a single connector on said housing.
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5 communications link between said first and second backplanes. 8. The
system of any one of the preceding claims, wherein said electronic
component is part of an avionics system. 10 9. The system of any one of
the preceding claims, further comprising an electromagnetic interference
filter electrically connected to said I/O channel. 10. The system of any
one of the preceding claims, whereid®ach of said first 15 and second

¥ME mﬂmﬂgfs%f%ma adfrd Rk RusYMEDys stapaarsinldaif mathorfiged
tolerance for electronic i{ﬁg\é}?@r}ents the method

providi

comprlgﬁ? n{é%t%%p%ogpep ?Paln%j% fifz r%dulegﬁﬁ%cg?as(‘%ﬂ&) of a
modulgrasisée ROaMRIBIE aisiTd;Lantispretadnllastechhd Vidisaliscrete in
ModulesGaaarshdMi) moduteTiocaiadewithin %@Qéﬂﬁuﬁfﬂao\me&m and a
said first and second g/l dules ar ri om each
othor aHer T ASAAETS AR ARAR] RRR AL Sl %58 TOREGRATE 1. The
method of claim 11, wherein each of said first and second modules is

IgcatedipR aringle bagkplane &Qh@p%@@dﬂ'@”&@cﬂrﬁi clameiblsaldldectronic

wherein each of sald flr%gnd second m% dules further comprises: a
pluralltf%'?’lggﬂ? g NS H P &I ORE 5t8aid plurality of card slots; and

an input/output (1/0O) card in one of said card slots. 17 14. The method of
@aim 1%29/@, g@@an Qﬁ%?féﬁéddﬁ@@@%&ﬁh@ QMIS@&@&A%%Q%Q an

t/ ch | that is ele [ tdt lit
et QAR TRS SAE S oL P ESRANE FROGGIE s 28 1O

channel.

10. The system of any one of the preceding claims, wherein each of said first
and second VME modules conform to a 64 bit bus VMEbus standard.

11. A method for providing fault folerance for electronic components, the

method comprising the steps of:

providing a first Versa Module Eurocard {(VME) module located
within a housing; and

providing a second Versa Module Eurocard (VME) module located
within said housing;

wherein said first and second VME moduies are electrically
isolated from each other and are capable of providing identical VME
functionality.

12. The method of claim 11, wherein each of said first and second modules is
located on a single backplane.

13. The method of claims 11 or 12, wherein each of said first and second
rmoduies further comprises;
a plurality of card slots;
a CPU card in one of said plurality of card slots; and
an input/output (I/O) card in one of said card slots.
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said method further comprises providing an external connection to said
system over said channel. 15. The method of claim 14, further comprising:
10 detecting a fault in said first VME module and, when said fault is
detected; automatically switching control of said system to said second
VME module via a control command provided on one of said 1/0
connections. 15 16. The method of ¢faims 14 or 15, further comprising
selecting said user defined input/output connections from a group
consisting of a transistor to _transistar logic (TTL) discrete in Master ID, a

T distPEE I SYRE HAiMakidVRF ™ a TTL discrete out system handover
out, and a cosatlumtatahsiinkibetivabarsadudrfirstendtsesshdne input/output

backplaies. dtinnel that is electrically connected to a plurality of user defined
/O connections on each of said VME modules; and
said method further comprises providing an externat connection to

. said system over said channel.

15.  The method of claim 14, further comprising:
detecting a fauilt in said first VME moduie and, when said fault is
detected;
autornatically switching control of said system to said second VME

module via a control command provided on one of said /O connections.

18.  The method of claims 14 or 15, further comprising selecting said user
defined input/output connections from a group consisting of a transistor to
transistor logic (TTL) discrete in Master ID, a TTL discrete in System
Handover in, a TTL discrete out system handover out, and a

communications link between said first and second backplanes.



