WO 01/ 14979 PCT/ USOQ 23187 -1 Scal abl e Data Col | ecti on and Conputi ng
Apparatus BACKGROUND OF THE I NVENTION 5 The invention relates generally to
renote data collection and distribution and nore parti Cukﬁbﬁ%ﬁ met hod
and appar 9M7% a common architecture for remte colle

distribution of analog and digital data with stackable and di sposabl e
hodul es. 10 In the past, the designs fofr~input/output (1/0) of a conputer
were generated in the. formof an electronic conponent assenbly pl ugged
into the conputer chassis itself or as e|ectronjic conponent assenbly

pl ugged into a separifadablgiData GoliectiopandGpmmiting Apparatus cct r oni ¢
conponent assenblies were either replaceable on the vehicle in a nodul ar
form or replaced and repaired in the shop when the conpl ete conputer was

is returned for service. BAGKGROUND ORITHEINWENTION'faces di ctated by
technol ogy available at the tine or by its functional requirenments. This

usual ly results in conputer and el ectronic conponent assenbly designs

uni que for t e ineéntionerelat@dgensraMcidrensoty datadeslieatiormand Qistibiurieeiandave been
applied to address standardi zati on of nodul es or assenblies. However, the

cl ose cdonpre paftienlagnto a mathod and apparatus 1ob Aicomiaem ardvitectiice farsemete wi t h
o . 4 o . . ) o
hdar eao CHBEUGT ot SREPGH of BaloB R it B8RPNEN SEEkALIE ahd dispdablg |1\ o

THE | NvEhodwes.The fol |l owi ng summary of the invention is provided to

facilitate an understanding of sonme of the innovative features unique to
the present invention, and is not intended to be a full description. A

ful | yappreci ah tmnpadt, thecdesigrisop inpafectpat QAO)dTa donvsuter were genetatdddngai ned
by t aki ng the entire specification, clains, draw n%s, and abstract _as a
whol e. ithefesmal amelest component assembly plugged into the computer chassis itself

or as electronic component assembly plugged into a separate data collection computer.

These electronic component assemblies were either replaceable on the vehicle in a

modular form, or replaced and repaired in the shop when the complete computer was
15 returned for service. ‘

Each vehicle has unique interfaces dictated by technology available at the time
or by its functional requirements. This usually results in computer and electronic
component assembly designs unique for that vehicle. VME and PC104 style packaging

20 methods have been applied to address standardization of modules or assemblies.
However, the close coupling of the input/output electronic component assemblies with
the computation assemblies and computer chassis restricts the ability to address
technology obsolescence and technology refreshment.

25 SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an understanding
of some of the innovative features unique to the present invention, and is not intended
to be a full description. A full appreciation of the various aspects of the invention can

30 be gained by taking the entire specification, claims, drawings, and abstract as a whole.



The present invention discloses a nethod and apparatus for gathering and
distributing signals to a conputation device. The scal abl e data
concentratqr is nmade up of standard buil ding bl ocks that can be assenbl ed
and di sasseWBO¥Y R tnhe vehicle or work station to suppor?

requi renents for the specific location on the vehicle. It 5 supports the
expansi on and col | apse of the data cone@ntrator to adjust to the 110

conpl ement required for the unique application without nodification to the
elenents that make up the scal able data concentrator. Adding additiona
|/ O or data pribedgyesent invanionidissloses aimeihag iand appatus for gathatinggpndhe

Concent r ato iR EE B compiaian defiter 1@ shbLlt fa3oRpdfiptRiiagerns o

co gt Ir ol | ef gtmdhk&b?idln@ﬁmr;/ethai ugm) |b¢ aseembled aﬁdrrfisaﬁ_sea'tb'lmat thetva_hfgledédm
nodul es an Wwer or- t nodyl e conputl ng el enents are _provide

{hr ough ATk ERPRO SHRRBE L1 O TRRrerReItE B¥ the SpoRiic Bratan O HenaliiBed gn
Pr act IsCeubpoR eI dhadolahd b e HehPodienbalor Y5 aBlust RABYIY . That

is, all t unctions and properties required to interface wth the type
of 1/ O i cogpigroentyequised forithe Haiqueapplication withoutmedifizationstodhe elementade

o ot ot | STE T o P Seel B HARE ineBh gl -ABAD o 0 oF HAF Brofiing
r ef er encégnctidas & a simpid neatterof stacking the additisnal amstiutarmelementst iEachwi t.h t he

troll le. Th 20 bl e, f [ fil [ .
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required to provide the functionality of that nodule preferably nounted on

a pri nt ebetweeniyernedules and powestonths /O dnedule ecomputing alemants are providedsi s or

25 enbed o £ h y conductive material.. The nodul e assenbly can .
Hh BBt SR

al so be ayer of electrically conductive material to
provi de faraday cage protection against el ectromagnetic interference. Each

St acking. connihe BOCE s ol PoiskRaRTEd Sk PRARESH BiminehanWam s wel g -

connggt obs tife sdofepdrestandpoint] Thatlie] gihtherfunetibnsaandCproperties gequirdd\o seal .
Mechani cal al i gnprent andewéﬁort bet ween nodul es_ and between_the data

concent r Ht@facewith e typg, t 3YRPORs @re cagtatines\within fre.modyle. These can

include source impedance, load impedance, electro magnetic interference (EMl) -

protection, anti-aliasing filtering, data packing, unique I/O signal references, data- . -

reduction, loop closures, and communication with the controller module. They are -
20 programmable for gains, filtering characteristics, and /O data rates.

The modules include electronic devices, integrated circuits, resistors, capacitors,
and other components required to provide the functionality of that module preferably
mounted on a printed wiring board. This assembly is either housed within a chassis or

25 embedded within a thermally conductive material. The module assembly can also be
embedded in a thin layer of electrically conductive material to provide faraday cage
protection against electromagnetic interference. Each module preferably contains a
connector in support of its type of IO and a stacking connector for inter-module
communication and power. The stacking connector is inserted into its neighbor module

30 forming an EMI seal. Mechanical alignment and support between modules and
between the data concentrator assembly and vehicle mounting tray is preferably
provided by guide pins. The guide pins also provide a means of keying module type

NEE



provi ded by guide pins. The guide pins also provide a neans of keying
nmodul e type 111111 |1 WO 01/14979 PCT/USOQO 23187 -3 with vehicle insertion
| ocat i on. red nodul e assenbly is held together by ' a
nechanisnwﬁﬁéﬁﬁ%ﬁ§oms qui ck "assenbly and di sassenbl'y. cn|§cﬁﬁ§ﬂ@%§£h

supply and controll er nodul es have handl es as they are required for each
data concentrator assenbly. They are‘bﬁéferably structured so that they
are located at 5 opposite ends of the assenbly. The inter-nodul e
comruni cagi on contai ned w thin_ the, stacki ng connegtqr i referably made
ip of  arvihURERyNSeAR NGRS A P ISeR JROdIn eSSBS heRidaBefier bR\ L o
Serial Byinpplieta mebhdfisn?that Blows itk abéerfiBly 278 disdeimbly. COWY thé fower code

into io the individual nodul es, synchronizing nodul es, and data transfers.
The ser isupphuand eentrolier giadwigs havechandigs agithey @re requingd faneachdatac ormon
power reguy o cki ng
connect o&“céﬁﬁ@ggggéﬁ R&Igﬁl%gg\%gé %?ér*géa&lf%@g]@ggro gh%)%\%?%ged}da&.ate?ac nodul es
I ndi v§ dugppdsit®endsiof theassenbipcessary. 15 A primary object of the present
invention is to provide a standardi zed renote collection and distribution
apparatus for analog and discrete data. Another object of the invention is
to provide Sty{kftriR6diie Tofuricatidh @ntaifdd witRinl tRE IstaeRing Sbritetlor idut | on

devices. 20 Yet another object of the invention is to provide each nodul e
wi th a spreferabhiimade up ohae idusiry stangard agmenunigatian lipk suemas RSA8S, An
addi tiongl. DLi ' f ' | op . ' rd Lk

odul oo ODKBERIBEEUT ) 208 drREI, B eef eloBR AGRRARG ERE 100, .,
of peaerthedmdividyalahoddles heynchrinizing motiulps) amd Hataytrarsferse Therderial bas camdul es

assessnent of its vehicle installatjon environnent and the 1/0 devi ces and
e i Sl Bt e AL S SV oo b ot G

passed to each module through the stacking connector. Unique and high power

requirements are provided at each modules individual I1/O connector as necessary.

15 A primary object of the present invention is to provide a standardized remote
collection and distribution apparatus for analog and discrete data.

Another object of the invention is to provide stacked modules for a variety of
collection and distribution devices.
20
Yet another object of the invention is to provide each module with a standardized

connector containing a serial bus and power.

An additional primary object of the invention is to provide standard IO modules
25 that are configured by the controller module upon application of power.

An object of the module configurability is the controller modules assessment of
its vehicle installation environment and the 1/O devices and I/O compliment required for
that location.

30



WO 01/ 14979 PCT/ US00/ 23187 An additional object of the nodule conf urabil
gty is the ability of the controller nodule to assign signal types,

signal direction, signal gains, signal filtering, and data transfer rates
to each adN¥AUARY® /O device type. 5 A primary advant age SCTISINTsent
Invention is its ease of technology refreshnent and technol ogy insertion.
Anot her advantage of the present inventien is its open architecture that is
easily expandable for the unique requirenents of a particular

installation. 10 Yet anot her advant age of the'pr esent [_nvention is that the
i ndi vi dual Sc Am@d@tlompa’e@ﬁdhﬁmﬁu& corsigayahiiylisl the ability oftbie poptioliarr:

I nt ercha | L : : it . heir l.ow es a throw
vy o O o G ok sidrat civedten B o sBaLafBHAg, aby BBk <

t hat t he t‘9neferivatelsib @aeh adaptablel)Gaevicedyps.t h an i ndustry standard seri al
bus (USB) that supports usage of the mnany comrercial products targeted for
the PC market. Other features of the present invention wll becone apparent

to thgse of slgi ' L1t i ng detailed
descr?ption ofh ;%rﬁ}n;é:?né\}igg{ltiag% ogﬁﬁecgkﬁgggﬁﬁ%ﬂéﬁé%ﬁggﬁier g*c‘ttaeicgg&ggwt he present
i nvent i omefreshmend and teehnolepyinsertian. however, that the detailed description
of the invention and the specific exanples presented, while indicating
certain enbodi nents of the present invention, are provided for illustration

pur poses onl y Anbthenadeantage of theqgresat snventiomiglitd opert architeotuitdthat Isheastipi ri t

d f i tion 25 will th f skill in the
o SO oandaie a6 LbiBle Feapieeris of fBarton F TR IAtaR o a s that |

foll qy. BRI EF DESCRI PTI ON OF THE DRAW NGS 30 The acconpanyi ng draw ngs,
whi ch are incorForated into and form a Eart of the specification,

i1l ustrate seYeranotbabaduantagesfdhe prasept byer : :
the descgypt &Hﬁﬁ@ﬁ(%)%@éﬁé?aHWesf_?éﬁé]ﬁoP iftSrcRbnddYbillt) 4t 9d8PtabifS

drawi ngs are on
-and their low cost makes them a throw away maintenance item.

15 . Another advantage of the present invention is that the SDC "backplane” is -
implemented with an industry standard serial bus (USB) that supports usage ofthe - -
- many commercial products targeted for the PC market.

Other features of the present invention will become apparent to those of skill in the
20  art upon examination of the following detailed description of the invention or can be
leamed by practice of the present invention. It should be understood: however, that the
detailed description of the invention and the specific examples presented, while indicating
.certain embodiments of the present invention, are provided for illustration purposes only
because various changes and modifications within the spirit and scope of the invention
25 . will become apparent to those of skill in the art, from the detailed description of the
invention and claims that follow.

'BRIEF DESCRIPTION OF THE DRAWINGS

0 - The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate several embodiments of the present invention and, together with
the description, serve to explain the principles of the invention. The drawings are only

inyention istbatithe individuakSoglatier with -



WO 01/ 14979 PCTI USOCOR3187 -5 for the purpose of illustrating a preferred
enbodi nent of the invention, and are not to be construed as |[imting the

invention, In the drawings: Fig. | depicts the stackable

accor danc®Q8YHPhe present invention: 5 Fig. 2 shows coinésﬁﬁréu‘uci%sgn and
stacki ng nmechani sns of the nodules in accordance with the present
invention; Fig. 3 shows an assenbl ed motiul e stack in accordance with the

present i o invention; Fig. 4 depicts a preferred SDC internal structure
i n accordance with the present invention; 15 Flg 5 is a diagramof a

pr ef er r @ iRUrpesp of wUﬁB@mgea prefered eabadinent oftheraventions and ar%oehtplbﬁn
Fig. 6 Sé&w%ag%rsq{n%ﬁﬁ@&ﬂ%ﬁt% 9h tﬁ@d%ﬁnqg" accordance w th the present

i nventi ows a preferred stacking connector pin configuration
I n accordance mnth the present invention; Fig. 8 is a block diagramof a

Do AL b S oS Ry oS «

t he pgesent | nvent ion; 30 Fig. 10 shows a preferred servo | oop I/O nodul e
in accordance with the present invention; is W 01/14979 PCT/ US00/ 23187
-6- Fig. 11 s'ﬂgvgsaowssﬂaﬁtﬂ@&owgedﬁtmg@ewmﬁmﬁftl*@cmeﬂ\é!esm accor dance

W th thegecordance with the present invention;

Fig. 3 shows an assembled module stack in accordance with the present
10 invention;

Fig. 4 depicts a preferred SDC internal structure in accordance with the present
invention;

15 Fig. 5 is a diagram of a preferred power supply module in accordance with the
present invention;

Fig. 6 shows a preferred controller module in accordance with the present
invention;
20
Fig. 7 shows a preferred stacking connector pin configuration in accordance with
the present invention; -

Fig. 8 is a block diagram of a preferred adaptable I/O module in accordance with
25 the present invention;

Fig. 9 shows a preferred analog 1/0 module in accordance with the present
invention;

30 Fig. 10 shows a preferred servo loop /O module in accordance with the present
invention; " '



present invention; Fig. 12 shows a typical USB standard nessage structure;
5 Fig. 13 shows a configuration table in accordance with the present
invention; Fig. 14 shows a sequencing table in accordance with the present
i nvent i on; WOI3/1497§ 15 shows a preferred data transfer ti RCRgSP¥B®cor dance
with the present invention; Fig. 16 shows a preferred controller nodul e
state diagramin accordance with the pfesent invention; and 15 Fig. 17
shows a preferred 1/0O nodul e state diagramin accordance with the present
i nvention. DETAILED DESCRI PTION OF THE I NVENTION 20 The SDC data

col | ecti on - ar Fiy. idcthomes apreféreedhUSBestacking/bus architectuke incaccordance witbithes of
a scal able renpte {./Q collection architecture allow ng the nunber of 1/0.
r equi r en®ReSENt IVEBUAN: or ed and reconfi gured to tailor the SDCto the I/0O
needs in the specific location in the vehicle. Adding additional 1/0O or
data processing functions is a -25 sinple matter of inserting the

addi ti onal noffig. 42 showsentypicehUSB standsind message siuclirejo  has the capability

to fuBction as a stand al one conputer with appropriate input/output (1/0
and p

whi ch provi deFighdeshows aedrifigasationdablerin atcardancerwith thespresentiswention;
sinmplify interconnections to individual nodular functions, software and or
har dware. The architectural functional boundary definitions support nodul e

functional degj qa shodaresstRPEIng!thbIblin ak€dr@andetRitl tHirdsBADING&RA;, -7 The
SDC desi gn supports expansion and tailoring of the I/Oto the requirenents

10 Fig. 15 shows a preferred data transfer timing in accordance with the present

invention;

Fig. 16 shows a preferred controller module state diagram in accordance with the
present invention; and

15 , . ;
Fig. 17 shows a preferred I/O module state diagram in accordance with the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

20
" The SDC data collection architecture of the present invention provides the

benefits of a scalable remote I/0 collection architecture allowing the number of /O .
requirements to be altered and reconfigured to tailor the SDC to the I/O needs in the
specific location in the vehicle. Adding additional /O or data processing functions is a

25  simple matter of inserting the additional modular elements into the SDC stack. It also
has the capability to function as a stand alone computer with appropriate input/output
(I/0) and processing modules combined as part of the stack.

A standard interface, which provides power as well as the serial data bus, is
30 " used to simplify interconnections to individual modular functions, software and or
hardware. The architectural functional boundary definitions support module functional

design independence.

ocessi ng modul es conbi ned as part of the stack. A standard interface,



of each specific vehicle installation |ocation. The external 1/0O connection
I.s through a separate blind. mate connector supporting the maximuml1/O

| npl ement 3y gfNerd he board area for that 1/0 type. Mdul scpossisignd

i nt er-nodul e conmuni cation, by serial s bus, are incorporated on the
"backpi ane" stacking connector. Any type of nodule can be inserted.into the
SDC pack as long as it neets the nechanical and electrical interfacing
definitions. The signal by signal adaptability of the Adaptable 1/0 nodul e

and the sele Lt er] ' [

orovi de add (EnaDCr st biithdresahBon 3d sRrHy e L0 TR eiromilys

| ocat i onof elich spedificaehjtieinsthiiatidrelosaiidr. t The extenrat H#O ¢conmectioreisl thiroughraough a
serial bus interrogation. They report health infarnmation on a reqular
basi o whiGRETAtR HiRd e R naGaE Suppchting eyt [ Bpleriehialiaar EBac ki ng
met hodol geed e fi? What IO By, Moddi8 PoRePand irtér-mdaaleriomfuhiestion, byl s&fiap of
a. pair of serial buses €lectrically conpatible with the PC Universal
Seri & Bus, gusBromaiaiedran the “heckplane) stapkingreongeptos. el ectrical ly
conpatible with the SPI standard, and power fromthe power supply nodul e
24. 20 Each Mbdul e 10 contains an I/ O connector 12 for the type of 1/0
uni que to thainy typdwf emoduly caxbepisertedlinto dhe 8DE padk &3 loppees itmiektsihe

connected to an Ad ahl.e I./,0_ Nbdul g .14. ch modul e .10 provides t

pbr opr | BEEAEIG ANg SERHGH iRSHACED Aefiaficis. e BN b anRARaRADIRY of e
type. O’Rd&ﬁ%l@?l@f‘ndﬂ%ﬁé Sh tHeOytéctable FREMSS bRE gams!dietheWniqie YOy még@BLY o
provide power to all the SDC Mdul e el ectronics. H gh current power 25

sour tes, provide asditionabligxibilitple thaispare #Qeemainisg ot @ack $0C lngatiepar at e vehicl e
power inputs to that nodul es external 110 connector 12 rather than from
t he SDC power supply. Mdules 10 are designed in standard size/standard
form factor aldmbdules préide thenabilith is accdssrtheic hedlth thrdughealseriaklads nount i-ng

per) UsocRisTBRebg: * Eih <iBeCresnto bronthrof s rBoul bessutleli i st oge

mat I ng
15 Modules 10 support a module stacking methodology as shown in Fig. 1. The
expansion “backplane bus” includes of a pair of serial buses electrically compatible with
the PC Universal Serial Bus (USB) standard, a module programming bus electrically
compatible with the SPI standard, and power from the power supply module 24.
20 Each Module 10 contains an I/O connector 12 for the type of I/0 unique to that

module. For example, all discrete /0 types will be connected to an Adaptable I/O
Module 14. Each module 10 provides the appropriate Electro Magnetic interference
(EMI) protection for its I/O type. One source of vehicle power is connected to the SDC
power supply to provide power to all the SDC Module electronics. High current power
25  sources, such as 2A 28Vdc/Open discretes, are sourced from separate vehicle power
inputs to that modules external 1/0 connector 12 rather than from the SDC power

supply.

Modules 10 are designed in standard size/standard form factor and have a
30 common bus interface 20 and mechanical mounting 18 that supports stacking as shown
in Fig. 2.



connector 20 and conpatible receptacle 22 with the exception of the power
supply' 24 and controller nodules 26. The power supply 24 and controller
nodul es 26_are required for all installations and therefqr ggglgave as
handl e 16 X4¥t erminations with a socket 28 and conneg’f:g’rlE
respectively. Mechanical stacking is acconplished through the snapping
clanps 32 located on two or three side§-of each nodule or similar neans
which are well known in the art. This design provides for quick access to
repl acenent of a nodule in the mddle of the o stack, Al nodules 10

pref erabl y hakach megule 10 areferablpprovides the intertacehusgpatinghe cost of nodul e

hassi d he i : ,  Co ot €
Cayer 24 eptnediof 28 B EopBrille toSiicle 2 il Tco el Gitne bkl Sepoh/28 | [ °
36 i s bowRdaontoldranoddiey 26nThepewier supply 24andcdootroler madules 26 ardat

provi des a good EM. shiel.d. Heal. | ssipation can be through bul khead _

attachrrefﬁqtﬁrl‘?é fB‘.b? m"ah??%a'ﬁ&\?&?fgrerﬁ?fg\a@vﬁﬁ)t shown). An exanple of the

resul gi nﬂgﬁ&l@ _égfdeﬁﬁﬂé?niiﬁhtﬁhﬁwitﬁ-a SdtRet'28/Hh@ cohsdior 30 REpestiveht.ed into a
|

tray in the ve and secured with swing bolts 17 | ocated on the power
supply and controller nodul es. Replacenent and repair actions are perforned

by renoving + SDC '

unsnappi ng thwgéﬁlfqgﬂ &n%é% @g@?ﬁ%@dﬁ@ﬁﬁq& taséhzgpﬁﬁlﬁﬁg Ei’rﬁl) %}%f‘)ézcsgegdon
nmodul e, s4#eBPthge bitessif @akh modaleharsimilammeans whichairé well knbendbthesadck i nt o
the vehicle mounting. trqy. 25 A USB,serial bu 8 provides the in ace
bet ween #HE quﬁﬁes%ﬂa}f' acgess §%W?W¥ﬁé’? az{&)@% ik %Sdﬂﬁé"%#@b%des

t he pr kate termnations and bus interface to allow up to 10 nodul es

to be stacked together. 30 The baseline SDC incl udes standard nodul es of
the follow ng types: power supply 24, controller with serial 1/0 26,

adapt abl e anapg, affbsldol drbferhblfRale/althdidysiFnd4ptation & elimifiate the cost of

module chassis and to enhance the vibration and thermal characteristics. The first

layer 24 is a lightweight thermally conductive material. The second layer 36 is both'a
15 thermally and electrically conductive material that provides a good EMI shield. Heat.

dissipation can be through bulkhead attachment and optional fins on each module (not

shown).

An example of the resulting stack is shown in Fig. 3. The module stack is
20 inserted into a tray in the vehicle and secured with swing bolts 17 located on the power
supply and controller modules. Replacement and repair actions are performed by -
removing the complete SDC module stack from the vehicle tray, unsnapping the faulty
module, separating the stack, inserting a good module, snapping the stack together,
and re-installing the SDC stack into the vehicle mounting tray. :

25
A USB serial bus 38 provides the interface between the individual modules as
shown in Fig. 4. Each module provides the appropriate terminations and bus interface
to allow up to 10 modules to be stacked together.
30 . The baseline SDC includes standard modules of the foﬂowing types: power

supply- 24, controller with serial I/O 26, adaptable analog and



di screte 1/0O 44, analog 110 46, and servo | oop closure 48. Optional

I.mpl ementations can include optical serial bus interface nodul es,

Prognost i %v&'@ﬁhb Managenment (PHM  processi ng nodul es, a;c%%dmgﬁ,ot her
uni que designs. A preferred SDC power supply nodule 24 1s shown In Fig.
5. It inputs vehicle power 25 and converts it to 15 VvDC 27, +5 VDC 29, and

+3.3 VDC 31 to power the electrical cc?rrponents in the stacked nodules. I/0
device power is obtained at each nodule connector fromthe vehicle power

bus. O her vol | evel be, provided . in the power sugpl dul e 24 as
Fequi r edipsrotiO 4. anaive Y AR 35 S0 1ane ciomie 485 PRt RlPmEnERRSS o

for nmeasgdreiBiile @btiea\serianNbiinfarfacehbdiies, FrEgiciic HetANIARadMeMIPHAL T he
nodul e has experienced. This information is Tmde available To be stored in

ot her noRr@ressinghmodiless aswell @satheruniqee desigrsent rol | er nodul e 26, defines
the configuration of all 1/0O nodules, controls' the SDC collection and
out put of data, controls the SDC conmuni cation with the system conputer,
per f.osy ms SDC Aphéferned BDT pawer sipphypmosule@4eisisheivndaFig. (3. dt mpaitsweehiclad

Lo+ aontawen 28 shdcomisredoio - aavbe T dsS0¢ 23 sof a2 Vb adiopowsiihe onl
System Béléaﬁ?ﬂ%ﬁ{g&ubnfsﬁﬁfé@ s%‘&ké@m Xgéé‘?llid’ﬁé{licéﬁo' 17 cf)lgﬁﬁlehsat'éﬁéﬁ' to
ta rom us to a u

buffer da xt ernal system I nter USB bus 33. Controller
nmodul e 2Boduatcannsctohfromdbe vebigle powen bus. tQiher Bolagelsrels wande provided in

enbodi mept. of ntrolle ule 26 is. L.mpl. tation of the controller
modul e i eﬁ?ﬁ’&i?t"’@%’ fé?ﬁlggggﬂﬁdﬁqlgg Wgﬁ?ésgc@%%gﬁieﬁm. Ot her system
bussgs (429, 1553, 1394) architectures would be inplenented in a simlar
manner (not 25 sh%vv\gh). The SDC controll er can be inplepented with one of

three basic t MISROWeH UPRLY miP§P9@§9’§§Pé9%mﬁﬁ§‘PfPH@“t of eﬂﬁﬁ?n"‘lé'ﬁ?'ef erred
st acki ngﬁeﬁiﬁé%ﬁ@énd?ﬁbmqémihdﬁtﬂéé h@@ﬁlfe%é%?éipe?i’én{ﬁg ThidGhfohhatidrVis

conpati bl e buses 33, as shown In Fig. 7, for interna DC comruni cat | on.

Thi s hi ghadgevailabisito hesiergd inatheumodules in thet BamedoeationsB synchr onous) dat a
transfers that are utilized to synchronize data conversion and transfers to
t he external system bus and WO 01/ 14979 PCT/ USOQ 23187

15 The controller module 26, defines the configuration of all I/O modules, controls ‘

the SDC collection and output of data, controls the SDC communication with the
- system computer, performs SDC PHM and BIT, and performs potential data processing

and filtering. A preferred controlier module is shown in Fig. 6. It contains two identical
microcontrollers, a master controller 40 and an External System Bus Controller (ESBC)

20 43. Adual port 41 interface is used to buffer data from external system bus 45 to
internal USB bus 33. Controller module 26 contains the root HUBs for the two SDC
USB busses. This embodiment of controller module 26 is an implementation of the
controller module in support of an external USB vehicle system bus. Other system
busses {429, 1553, 1394) architectures would be implemented in a similar manner (not

25 shown). The SDC controller can be implemented with one of three basic types: micro-
controller, state machine, or DSP. -

A preferred stacking connector 20 embodiment utilizes a pair of USB electrically
compatible buses 33, as shown in Fig. 7, for internal SDC communication. This high-
30 speed {12Mhz) bus supports isochronous (USB synchronous) data transfers that are
utilized to synchronize data conversion and transfers to the external system bus and



-10 mnimze latency. Al though many other bus structures will work
for-internal data transfers and synchroni zation, the USB has a particul ar
i npl ementation that supports synchronization and int egn%lb basi c
protocol . WROVEHE pair of USB buses 33 provides additio 3

managenent di agnostic capability and availability. The 5 application of the .

USB bus to the SDC architecture facilit@tes an avionics systemwith
pl ug-and-play features simlar to the Personal Corrputer (PC). Adaptable I/0O
nodul e 14 is capable of handling all vehicle input and qut di screte

types anminimizgdaiensye Althavgymenyethes bus siusturesswill york far- "ﬂ#’ﬁ"aﬂ 8athi ch they
|
Shown | nﬁ%{%&%ﬁ%@ﬁﬁhf@@%‘ﬂh " UBE had aiePichldrimpRIM ARl Shdtents, ® 0.
it f01[| Sy rcgrﬁ?tuo;h;atrWI{lFagu)y rrlg dtﬂbi zasnerec;tﬁceolaﬂ'hea!gal paitiotiyBBdwises 33?. o
e .
Thetal | shpuiien pdgtonal fea imAtaderiant QlasnBSto caPanil b skdldedfy. A8 L0,

t akes; pl ucumopmwsmuwfhee@@b diehileeturs fauithtes dneavioMcssystemiwiy 15
and serla VO nodul e what its class/type is. The controller nodul e then

est abl i splug-andeplayitesatures %Wlt@mﬁ?féﬂ"@m%ﬁr RSk cl e installation

di scretes 49. The preferred enbodi nent includes a digitally controlled
first order filter 54 on each I/O pin whose characteristics are specified
by the contr oAdaptaltediD modB[é | iB capabpletof hanﬁlngadlmhldeﬂmagd outpiti nsertion

f BIT d.b f
go ntrol S‘E'ﬁﬂ” Pl%wpﬁﬁ?mﬂm range ange ‘ig ﬁpaﬁlcs ‘Fﬁgggﬂ;{% fst[.'g%iﬂ Wﬁgp ltﬁérf%rﬁed by
the ¢pntgdnetfedT0N Bloek d?é‘gra'ﬂm:ﬂarprafeereaw tabld llOthdlhle |s4§hds\mmiii Fig. 8.he
uni que vehicle installation signals and iIs u 3/ gg for that
vehi cl e. Eagh V@@in dRiix pdaptabledprograramabls) to quii' §§ "dP"et( YAGREENY: i t can
per for m gov (0 dﬁlj é%ﬁ%tdnﬂ Il%%{léﬁ 99§% iPBPthe dYrftrollBEmBBGIe! fer the. spgnt r ol | er

nodul e conman xanp ecific vehicle enbodinent is shown in
Fig. 9. ihstailélion logatigyl. dpstaligtian data issstotedindhe contsolier gwodule26.dj ust abl e by

controll gy BQriiitakes BIECRUHEH pbiel ip Wibhbdch Ui 4R the SDC controller

15 and serial #O module what its class/type is. The controller module then establishes the
desired configuration based on vehicle installation discretes 49.

The preferred embodiment includes a digitally controlled first order filter 54 on
each 1/O pin whose characteristics are specified by the controlier module.

20
All outputs are testable through thé insertion of BIT stimuli 50, which is wrapped
back for confirmation of level control. All outputs power up in a high impedance state
until enabled by the controller module.
25 The unique Analog I/O Module 46 handles the unique vehicle installation signals

and is uniquely designed for that vehicle. If the vehicle contains multiple instances of
this module it can perform any configuration settings designed into the module on
controller module commands. An exarﬁple of a specific vehicle embodiment is shown
in Fig. 9. In this example, input gains 71 and filters 68 are adjustable by controller -

30 module commands.



-11 Al inputs/outputs are testable through the insertion of BIT stimuli
70, which are wapped back for confirmation of |evel control. An exanple

of a serqudmpgﬁodul e is shown in Fig. 10. The servo |00m§h0}2§1875 48 is
capabl e of handling all inptuts and servo drive outputs associated with

several servos and LVDT/RVDT feedbacks,.72.. Execution of the |oeop closure
control |laws, node |ogic, and second order filtering is provided on the
nodul e by utilizing the processing power of the nodule's mcrocontroller.

conti qur abi ¢ B iy bkeFiSarkipedBln g ing ek BT sdh, Wik am:
t hr ough wigppetsisadk fon coffirBialion of level cditrol.whi ch is  w apped back for
confirmation of level control. The previous text describes a hardware

stacki ng nodul ar design that allows all 15 types of functions to be

sel ected for AAchatitidibra YBiblbd fmgrél 98Bk i Figh1102 T e Roop fodibe

preferred enbodi ment this fle hrough soft wa Ich is
i ndi vb dudS iz capghie obhandlingdlilinputs @cndrservadrive Q\#p@tsasaoclateﬂtwmsweralhe

and t ne- PRdae s BEVEEL e s Rt ) HE o St M B ol T er 00

responsi kogeflogic)antisécund éiek h&rﬁgb@pwm orf thetrabdule byasilizinglthé aws, and
etc. associated with the I/0O.ty ype as well as_ the stackln bus garotocol

The USB BosRasing Powes of HLeemBi!'eJﬁédmcrqmatrpMsFema%@l 80 diers,

conmuni ¢ and conmuni cat e

Wi th thee%llv% Sri![vggﬂ%rérggfe_f_t?%fxg &/ﬂ@g%ﬁegﬁﬁ@b@w&ﬁe USB bus capability
to inplenent; live connections, endpoint identification, isochronous data
transacti ons s It is a
hi gh- speed. dAIFE‘pr‘ﬁtﬁ(z&é@mcs %gqgﬁgélgwfggpﬁgﬂ kﬁg%ﬂ?@g 'ﬁﬂ %g‘f %The
sof t war ewddippuidt etk foeconfitmation of Rvekbcoht@l. bus |ink 38 from-host hub 92

t hrough each nodule in the SDC. 30 Each nodul e enables its HUB repeater

function to the downstream
The previous text describes a hardware stacking modular design that allows all

15 types of functions to be selected for each unique vehicle location at installation time. In
the preferred embodiment this flexibility is enabled through software, which is -
individualized for each module, according to type and function of the module.

Fig. 11 shows the USB interconnect between the controlier module and the local
modules. Each I/O-module contains a local microcontrolier 90 responsible for handling

20 the debouncing, filtering, control laws, and etc. associated with the I/0 type as well as
the stacking bus protocol. The USB standard interface protocol provides the
interconnecting communication link that is used to identify, configure, and communicate
with the I/O stack.

25 The SDC softWare makes use of the USB bus capability to impiement; live
connections, endpoint identification, isochronous data transactions, bulk data
transactions, and framing control. The result is a high-speed deterministic data
collection and distribution system. The software architecture incorporates a dual bus
link 38 from host hub 92 through each module in the SDC.

30

Each module enables its HUB repeater function to the downstream



Is WD 01/14979 PCT/US00123187 -12- port 94 when it conpletes it's own
enuneration (identification and address specification). Up to 10 nodul es
can be connected in series in this manner. Each nodule's_HUB 96 can be
confi gur edVPAVEEIL ul tipl e endpoints for defining pi pes BrV/UPRML: [ eans
bet ween master controller 40 functions and | ocal controller 90 functions.
5 Overall, control of the bus is provi-d@d by the Controller Mdul e through
token requests follow ng USB nessage formats. Four primary types of USB
nmessages structures are illustrated in Fig. 12. 10 A preferred enbodi nent
i npl emrenpert S4drvelerbi sompletes it's owniegmiInkation @m&@@ﬁmf adgdres®nt r ol

transfers - .utilize L r Al | - Q. ' dul
and to sseesibston Dad1iHad s L BF kMBI R 1 By Plfher Sefnocc' o,
.”ﬁfegf -rmtTh?r?ulygﬁlHeulB 96 Fh? gbloehﬁglfrsuelshavé gigﬁiplqamdpmd intd forrdediningt pipes epeci fi ¢
I on. e |l oca .'~controlle . th ke
r espondsdatagtiE@ams bﬂm@eﬂdﬂﬁtﬂmphﬁ'&p gﬂ“ eﬁ%@ﬁalﬁ?%ﬁ%@?gb %gﬁ"eriﬁ
I sochg onous (USB standard term defining periodic, continuous data transfers

bet weén a host and device) data transfers - the nmeans by which I/O data is
guar ant eed 20verallpeontradof therhusds provides bystheConstplier Meduledheauahiekerpeci fi ¢

time within a frane. a [ . i I r : - f F
(50p) " pataabiestdRiPEinBI S nedieds, BIRELS, Fodrdiiferg HERS of USKmesBides 71 00
Each | ocglrustarts'drk lilistrated inFigg 12hi s to anticipate requested data

transactions. The master controller requests data transfers with a token
packet 98 and the |local controller is able to respond i mediately with the

dat a,packet 18%referel leniidimeiimpleréiis Hirge basiepen GRUSBUBIWaNSationg and
g a

other non tim critic transfers in the Flight State. Mdul e

configuration occurs at power-up. -During enuneration each nodule 30

8;? \éi desa} he £l hdilrdrdt BTRY' difing Ihd BfiufmBRitioR! prétedEad tasntiy'a Mutuigont r ol
and to set it's I/O configuration to the specific vehicle and SDC location needs. The .
master controller issues a token packet 98 requesting specific information. The local

15 controller addressed by the token packet responds either with a data packet 100 or a
* handshake packet 102. ' '

b)  Isochronous (USB standard term defining periodic, continuous data transfers :
between a host and device) data transfers - the means by which 1/O data is guaranteed
20 to be transferred at the rates required and at the specific time within a frame and/or on
a specific frame number. The Start of Frame (SOF) packet 104 is issued by the master
controller at regular intervals. Each local controller utilizes this to anticipate requested
data transactions. The master controller requests data transfers with a token packet 98
and the local controller is able to respond immediately with the data packet 100.
25
c) Bulk data transfers - continuous BIT monitoring and other non-timing critical

transfers in the Flight State.

Module configuration occurs at power-up. During enumeration each module
30 provides the following information to the controller module through control data

transfers:



transfers: 11 Al | WO 01/14979 PCTI USOQ 23187 -13 Modul e type/cl ass
(Adaptable 1/O, Servo Loop, etc.); Mdule manufacturer and part nunber; 5
Modul e ser,';yval0 m&q;)er; and Last configuration setting. Thectmsbihsrer

modul e useS thiS Information to determne if the-correct nodule is io0
installed for this location in the vehigle and to determine if the I/0
configuration is correct. If the 1/O configuration is incorrect,

i ndi cating a new nodul e has been installed the controller nodul e perforns

a configurati d { . .S J.nc es a setup token packet
98 fol | oned b%‘ﬁ@% Wp%é@%%@??@@%k@’ §§B)8ﬁ‘f°;#hé& s I/Odirection for each
|/ O provided by the nodule; Gain and filter settings for each 1/0 provided
by the nodul e; ranm ng._sequencing .(i nput or output timng for each 1/0;
and 20 Initi M‘?‘Jé:‘e!ﬁ mﬁﬁ'%?ﬂc?‘?fﬁéawggﬂ %Wﬂ?ﬁ'?er. Each 1/ O nodul e stores the
configuration setting in its configuration and sequencing tables |ocated
in non-volatile nenory. 25 Fig. 13 illustrates the content of the

confi gur at i on Meddlesedal nimbeatagndbl e  anal og/ di screte |/ O nodul e. Each
signal connection 106 has several paranmeters: direction 108, |evel 110,
gain 112, filter 114 that can be specified. The characteristics of each

modul e are di Lasyconfigarationlsettirigor e t he configuration table content wll
vary. 30 Fig. 14 shows the content of the sequencing table. Each signal
connection 106 is given a rate 116 and first frame nunber 118 when data

must be ready Theleohtralléf Mbdulk isks this information to determine if the correct module is
10 installed for this location in the vehicle and to determine if the I/O configuration is
correct. If the /O configuration is incorrect, indicating a new module has been instalied
the controller module performs a configuration update on that module. This includes a
setup token packet 98 followed by “out” data packets 100 specifying:

15 /O direction for each I/O provided by the module;
Gain and filter settings for each 1/O provided by the module;

Framing sequencing (input or output timing for each I/O); and
20 |
Initialization of the frame counter.

Each /O module stores the configuration setting in its configuration and
sequencing tables located in non-volatile memory.
25
Fig. 13 illustrates the content of the configuration table for an adaptable -
analog/discrete /O module. Each signal connection 106 has several parameters:
direction 108, level 110, gain 112, filter 114 that can be specified. The characteristics of
each module are different-and therefore the configuration table content will vary.
30 _
Fig. 14 shows the content of the sequencing table. Each signal connection 106
is given a rate 116 and first frame number 118 when data must be ready for transfer. in



WO 01/ 14979 PCT/ USQQO 23187 is the preferred enbodi nent the rate 116 can be

specified at 5, 10, 20, 40, 80 160, 320 Hz intervals, al t hough t hose
skilled in the art will recognize that nunerous rates are possible. The
frame courW@OV49% i s nmatched agai nst the frame nunber 118PEUSA0RISTy
signals to be transferred during that frane. The signals can be grouped
into coomon 5 rate tables to facilitale-software access. The SDC nodul e
stack is tightly synchronized for all isochronous data transfers. Fig. 15
illustrates the location and order of the data transfers within one frane..
The Corthe pkéfelred/taﬂnbadimeoﬂheaatesi116rnan313aspecdled|§t5nﬂz0,(mo Backad, 3P4 to

| I t the 1 I t hi
packet 7 Gl onitdhase SR dpeal Wi iREnEs Ihqt B SPIREABRA N que
frame ugjoRsibldIeTRé frafhe sotmtsr 1228s Afatctdiragdinst thd ﬁaﬁlbﬁlu%%&@l"m'ta%pbéiw e. The
SOF packet signifies the beginning of a period during which al

i sochr orsignalsitethe t_raosfprreﬂwdanng thatTrame,| Hae signals a8 b@rgf@'ap%lrm@ommm rol | er

Modul_e. ’%ﬁ%‘gP’ﬁ%q‘%o&? P'J:é\s is determnistic. Al input data

conv3r5| I'S expected to request during a given
frame nunber 118 are predetern1ned and the data is converted by the I/0

nodul e durin reviqus, fra The in s .then i

avai | abl e fogr;'l ?@1@ &‘E?)ﬁﬁcg %’V&VP@'% a Ef"s'ﬁ%‘mrBﬂ%'iﬁsg%g %rgequest'
providi rFfri%ai smldatmlés tHe loBdtRIiCandPordePBthetRita rabéfer witlith dneSraiiélVERé ed by
the I/O nodul e i medi ately on conpletion of _the isochronous data transfer

per i od |Qﬂmm&efdﬂﬁéubrlﬁﬁ§d¢a$tﬁlmiecﬂaﬂlof ﬁla@ne @@F)/Bﬁcm&r"oﬁ to gl maodwessat thet a
| at t f
2t BCY stgtoredch § s e Bhbf indfbfec s SRKB A GinERfbie glaTL 2 0 2 T A

cou odre Xecution o port’i on of sequenci ng
t abl e. tbeversionstol theestartrof friatmer andeni§@F framekuesing fte framemembenrd8'as | f t he

frame ”%Sgéﬁeé’ met?le s%tqugﬁctnﬁg tabtfe.- The SOF packet signifies the beginning of a period
during which all isochronous data 120 from all SDC modules is transferred to the
: Controller Module.

15 .
The sequencing table is deterministic. All input data conversions the Controller

Module is expected to request during a given frame number 118 are predetermined,
- and the data is converted by the /0 module during the previous frame. The input data
is then immediately available for transfer upon a Controller Module isochronous data -

20 request providing a minimum of latency on input data

Output data is converted by the 1/0O module immediately on completion of the
isochronous data transfer period in the same frame in which it was received for a
minimum of data latency. '

25
Both the Controller Module and each /O module maintain a frame counter 122.

to direct execution of the proper portion of the sequencing table. The /O modules
monitor the SOF packet 118 "frame number”. If the frame number does not match the
module’s own count; the module will re-synchronize to the specified frame count and

30 issue the requested isochronous data packet when requested. If a module must
resynchronize, it will aiso set the data validity byte to invalid.

Hib



nodul e's own count; the nodule will re-synchronize to the specified frane
count and 30 issue the requested i sochronous data packet when requested. |If

a nodul e ' resynchronize, it will also set the datpcipsdogsisy byte to
W bein,

i nval i d. 79 PCT/ USOQ 23187 -15 The SDC utilizes. the USB standard
fault protection schenmes and wraps the into additional failure detection
mechani sns. USB standard data transaction CRCs are used to assure data

integrity on the request tokens as well as data transfers. Each SOF packet

and token packet Wyl &, T 4. that s to validate the 5
Control | er I\/béﬁfeg[ﬁgé‘@hﬁss;tﬂﬁg"% F@%ﬁ%ﬁﬁ%ﬁgp é?gtbod‘eg‘%% esr%rgﬁv['aq%r{ﬁgwe
addr essegntb/daditidhelfaflurecdatoctibnngethdrisis. NOSH! standaia ldatatradgsoiBhICROK\E)e
Each data packet coptains a 16 bit CRC 126 used to validate data packet

P
i nt egri t WSetiP ARHIE At iNteqrity, R the regyest tokens as well asdatp ansfeie r Fachs t hat
the corr ' Tol i '
| ocat i on%ﬁlbg?@%gbgék%ﬁa%}a%%gﬁfis?ﬁ?s\%é??/géﬁi%s'é gﬁ%%ggﬁ Q%F@ apt abl e
10, Usi q@ontolleiModolelreqpestt An erratdnthd measagenwitiresult indhe tesldsBedtitOichnent .
The redunda USB bys 38 .provides additional avai I 1dt fter failure but
Is al so R&%‘ﬂﬁﬁ E&PPBH1“9§1"Hf %Rlﬁggﬁ\é%gplg?qvﬂggergﬁnt?(haﬁ@t ﬁgc%ﬁ%ga_ pﬂﬂfﬂ?t I onal
noni t or s chARMing® 16 PSCRE 128t usedity validiie dabppacket integritact | vi ty ext endi ng
past End of Frame (EOF), and Start of Packet (SOP) w thout End of
Packet | EOP). Recovery fromthese faults requires that the device driving

por 1 04 The Do o9 AIASMAIG the CRMEDRr VLB GHAR el he Qrecplr ot r e

f unctioonsnodulgsanet attaghed asspaaified by ttieervehisletandUSBation keyf diseretesedd.dlhe | D and

| ocation, a DC . pragr I NG contro e fupctd ons,are independent of
i nstal am‘?#}l‘?%ﬁasﬂgg)& lﬁgﬁ%d%gr g‘ﬁﬁﬁ‘&bﬁ’ @?’ﬁ%‘*ﬁéﬂ"ﬁ!—8&?&ﬁfm ng functions
at manuf gfdnitificatibnt prive to s UBBamadHingt. t he master controller 40 and the SDC
stack /O nodule local controllers 90 is acconplished by the ESBC through

external system bus nessage
The redundant USB bus 38 provides additional availability after failure but is also

15 used to isolate HUB 96 failures on the other bus.

Additional monitors include Loss of Activity (LOA), Babble, Bus activity extending
past End of Frame (EOF), and Start of Packet (SOP) without End of Packet (EOP).
Recovery from these faults requires that the device driving the illegal state is isolated

20 from the bus by disabling the down stream port 94.

The External System Bus Controller (ESBC) 43 performs the functions
supporting; external system bus to USB interface, vehicle 1D and location, and SDC
programming control. These functions are independent of installation and need not be

25 changed and are fixed programming functions at manufacturing time.

Programming of the master controller 40 and the SDC stack /0 module local
controllers 90 is accomplished by the ESBC through external system bus message
control. An SPi bus 51 interconnects the Controller Module master controller with the

30  1/0 Module local controllers for this purpose. Each I/O module programming function is



control. An SPI bus 51 interconnects the Controller Mdul e naster
controller with the 30 (/0 Module local controllers for this purpose. Each
| /O nodul e progranm ng function is is WD 01114979 PCT/ USQ(Q 23187 16-

enabl ed se&&eﬂ?’f‘%’?ly while it is held in reset for this fd&e{ysByz187

I nterl ocks-prevent enables fromoccurring during Flight State 130. The
various states of the Controller Mdul elfraster controller are shown in Fig.
5 16. In the power-up state the ESBC 132 identifies the vehicle and SDC
installation |ocation by discrete input keys 49. This information prow des
poi nt er s enabled sequantialipivbile §ds beldiin reset fﬂﬂé’“ESBG“PB Indapeaksinspyent gnables

determ nl%%gﬁﬁﬁgt@rmgrm@hkgﬁ\‘@h@p sequence o0 is occurring or whether

the progranmng s e entered. This is acconplished through a
sequence of external system bus nessages and vehicle state discretes.

th i 1 ES | h dul b
brogr amed, ' e AT aigh of e Gentile Moghe gt aeridin %@gﬁr%"m“an%-éfnaf
SDC SH  18.om'th rivpsstatbfthé ESBT 932 RIshtifiss thedehiclesand BBE inkellibtidhe ESBC .

and the master 5 controller performtheir individual standard BIT tests

136 (e. g.locatioschy disciste input k&s@gﬁsstﬂws informationyapeyides peipters tpsequanse tablet |

and etc. )sel Rs. BIT conpletion the ESBCwill wait for flight state
initiation. Upon entry into the enuneration state 138 the master controller
proceeds with 20 enuneration of all /O nodul es. The enuneration process

begins with an.e &a.0n the . tr eam por 40 _of on f the ntroller
vodul'e Uss b el 8 fespefsiopip ae e RimEhtetor a Bonfateferiiecifnts.  oon
requefy . i beélfing @rihetrR? theprdgrdimiming $tef ik itd be @nldsbd.aTHistk assoraplishedpe ar e
correct for the Installation the nmaster controller as&g{gqlt an address

144. Thi dheaughénsaauence of extersl systerhys massagesand vebicly,
the povery, éﬂmﬁg{nﬁhnégﬁgg‘?? lsTégtﬁ@Es@c SEBLS Bhe §fotpbh%duréefof5€ ms the same

sequence on us he second step o
est abl i sipregraimmedyresefs thatiroodulé and dransfers the data through an internal SDC SPI-

programming bus. If the programming state is false, both the ESBC and the master

15 controller perform their individual standard BIT tests 136 (e.g., instruction set, register
FLASH, NVM, timers, WDT, Dual Port, and etc.). Upon BIT completlon the ESBC will
wait for flight state initiation. ' L

_ Upon entry into the enumeration state 138 the master controller proceeds with

20 enumeration of all /O modules. The enumeration process begins with an enable on the
downstream port 140 of one of the Controller Module USB busses. The first
downstream module responds with a soft attach request. If the downstream module is
identified TBD and class and type are correct for the installation the master controller
assigns it an address 144. This sequence is repeated for each subsequent

25  downstream port until the power supply is reached. The Master controller then
performs the same sequence on the other USB bus.

The second step of the enumeration process establishes the configuration of the
inputs and outputs on each /O module and the selection of the conversion sequence
30 table. The first step is to determine if the current configuration of the /0 module is
incorrect (indicating a changed module). An incorrect configuration results in the
Master controller providing the proper configuration 146 and sequence 148 for the I/O

fisgratesy i unti |

he enunerati on process



I nputs and outputs on each. I/O nodul e and the selection of the conversion
sequence 30 table. The first step is to determne if the current

confi guraw @m%?ft he 1/0 rrpdul e _i s incorrect (i ndi_ _c_ati Ng pciiisdnsisyodul e) .
An incorrect configuration:-results in the Master controller providing the
proper configuration 146 and sequence §18 for the I/OI111VIi1l WO 01/14979
Pcr/USQ0r23187 -17 nodule to load info’its NVMM A correct configuration
causes the Master controller to pass on to the next 1/0O nodul e. \Wen the

I S k, has. b fi d .t he.. | ' h
ESBC m cPOsRap SR RO, R SonBr! Gl Faiter P eselpanalbP iy O 11
ESBC pasg#s dritiothé mektBO rhddulext er nal system bus to the Vehicl e Managenent

Computer (VMC). If any failures occur the conditions are passed to the VMC
instead. In the flight state the ESBC perforns external system bus to Dual

Port packi ng wi ' ﬁmsg@d and
controls ot hewhggﬂféj%#ﬁg@%?g% %tﬂ%%b?%ﬁé@? e stg‘ré@gﬁﬁgpﬁgé@gandl es the
Dual #orinfarmsisBESBC microcontolienthattienstackis ready fapbdight State 430cAheni zat i on
and fran 152. 1t..igsue he i,.sochronous data 15 tr fer I sts in
accorda%ggﬁ REPSPE ih'%ﬁ}{mé xiemna F\ésq%'ﬂf?é‘?%%ﬁ?shﬁc%rﬁﬂBaﬁ?'ﬁgﬁf State the
Mast er CcQbinpatdr (VMO)NilftatiyFailirés octanbecoAdiioas B paRABINE VMO MstdR). | / O
Modul es, received USB data integrity, and perforns activity health
monitoring on the ESBC. Any faults are issued to the VMC and stored into
NVM 20 flig | Rt I ' Lle in
this state. m‘rt]'g%rﬁfggﬁgtat mani%%#gﬁ%gﬁ@ﬁﬁgﬁr%%ss;ﬁegp%%gp%gg{:lﬁ?%gg?n hi s

st at &0 15é&nd anpatking/far theudSBthusatatatransfers 150 and abrtsolaotharicontroller 1P g. 17.
The proggpaggni ng state 160 is set by ESBC reset of the nodule

mi cr ocontPEYE Programdata is transferred through the internal SDC SPI
programm ng bus 51. If the programming state is false the mcrocontroller

perfornms its standard internﬁl BIT tests 162 (| g%tructiqn L
The Master controller handles the Dual Port to USB transactions and maintains

the SDC stack synchronization and framing 1562. It issues the isochronous data

15  transfer requests in accordance with it's own sequence table order.

While in the Flight State the Master controller monitors 154; frame-sequencing
responses from the 1/0O Modules, received USB data integrity, and performs activity
health monitoring on the ESBC. Any faults are issued to the VMC and stored into NVM

20 flight history.

Continuous BIT and IBIT functions are run while in this state. Other data
manipulation functions are also executed in this state 156. '

25 The various states of the I/O Modules are shown in Fig. 17. The programming
state 160 is set by ESBC reset of the module microcontrolier. Program data is
transferred through the internal SDC SPI programming bus §1. If the programming
state is false the microcontrolier performs its standard internal BIT tests 162 (instruction
set, register, FLASH, NVM, timers, WDT, and etc.). It then performs I/O functionality

30 tests onits I/O type through BIT stims and internal wraps. Upon BIT completion the
module microcontroller sets the soft connect request and waits for enumeration.



set, register, FLASH NVM tinmers, WDT, and etc.). It then perforns I/0O
functionality 30 tests on its I/O type through BIT stims and internal
wraps. Upaon BIT conpletion the nodule mcrocontroller se sof t
connect re‘ﬁ'ﬂé’yf”g%d waits for enuneration. WO 01/14979 Pc%ﬁ%‘f@? -18

The enuneration process is initiated by a nodule identification 164 request .

by the master controller. If the nodut Bl ass and type are correct for the
installation the Master controller assigns it an address 166. Wen an
address is co%l rmed the I/O nodule enables its own downstream port and

al | ows t he - CorlIBANUENEIRHOR, PEOCESS is '%'Bmmy@amedmﬂ%rgﬁ catign tekrequieshbyr f or
enuner at 'tﬁ@mafsté?tdaﬁtromdqu rhéddl e:aésa Té]% c%ﬁ%ggﬂ HeR Bhatidlfine
enuner ati on process est abl i shes the COI’] rat I on ﬁe I Nputs and
out put s destergontrotienaskigns ihad adtress 4 BSctWhrm an address ismeanfimed theljQence

table 17 ter trol The first
request i OA"{’e bﬁagggﬁﬁﬁg‘&&%ﬁ?&l’aﬁ%{qﬁ @8 "FEMOQ UePor mati on. |If
i t i sscocommiuriceate tough the HUB repbater for shbmepatidnCofidiBerhsdulbs A Metithék. | f
it is incorrect the master controller provides the appropriate infornation

to set the I/Ofor the vehicle installation |ocation. The |I/O Mdule
control | er setfesb8ond Sleficr ad éﬁlﬁnéi%ﬂoﬁ Eé‘%st%ﬁ%ﬁ&h 8lconfi |&‘|ll§§Bf
el enents to the correct state during se step 0 e enu

process. tmnmt&andmtpw@mrmﬂqhdfonmnleeamd)theesahctnn@fme gdmveﬂmane 172 t he

per 1 or b SPAuteR able Y- F g o Sofngid B e blor tORbOR, e hieRicg e

debouaci fig ,cumnmdrﬁigumt@nédndosyq@ehwwuwmhﬁﬁ%doﬁnIftlhie coReeLbBdRastabl e or der
and the fraﬁlpcount gacked or unpacked fromthe USB format for

USB conmBGeRtEalier passespn UQModie, B digincamestthednastsr F@quuﬁbl ul e and
the 1/0 8- th@"abléi’d?ﬁlafé"ﬂfd?'ﬁfaﬁoﬁ ﬂf‘é’értﬁé 0] ﬁ? cib irtalidiBn JSCHEBAC ng

tabl e automatically synchroni zes the data availl ty to the Controll

Modul e eXhe¥OcMod lzls qonbeligrsetsthedQ directionsanst sqta theaqu@gg gams/andrﬁitgm e
functi Onéleﬂn@\ts {cAhE chheE%{es&fr?ﬁB SeRORG Etepd&ttﬁe EEQH%Ht% p%gé’é's'. thns,

15

Until the Controller Module commands the Flight State 172 the I/O outputs are
disabled.

In the Flight State 172 the I/O microcontroller performs the specified signal
20 processing 174 including filtering, debouncing, or other signal conditioning based on the
sequence table order and the frame count. Data is packed or unpacked from the USB
format for USB communication link 176 transactions between the controller module and
the I/O Module. Driving the data conversion sequence from the sequencing table
automatically synchronizes the data availability to the Controlier Module expected
25  isochronous data transaction requests. '

I/0 module functions 178; Control law (servo loops), data reduction algorithms,
prognostic health management, and environmental data conversions (temperature and
vibration) are executed according to the sequencing table.

30



prognostic heal th managenment, and environnental data conversions
(tenmperature and vibration) are executed according to the sequencing
table. 30 ygdbidabse VWO 01/ 14979 PCT/ USO0/ 23187 -19 Each |/ g1vostehsisper f or s
extensive nonitoring 180 in the Flight State, for exanple, as foll ows:
WDT; franme sequencing; data Integri ty;_fg/_o wraps; :token nonitoring; power
nonitoring; down stream USB faults; etc.” Any faults are issued to the
Controller Mdule and stored into NVMM flight histery. Continuous BIT and

ot 1 cat 1 onsEaEn PREMeHDeMlricFms Bddhsieiheiibrndiaaflio YR FRM AL <)
in the aekampleslasfollows: WDTirame seuéiving iaeantitebrity;d/Orwvréhss toleerc h

vari ations .and _m)dl ficatjons be coverei.J T?e 1E(_artl cul val ues a%néj

conf i gur SIANIRENG; RAWRIJFBENItSINgLEWN sliRamISB faulls: alicy AnvJaulits aee issvedtp (o

I lustrayg éf)ﬁl%ﬂér%cﬁfle %HH%EH{%&&O. VNI Right Hk&)l?f.”ibsohﬂr’ﬁﬁmé BIT affigrre not

intended to Imt the scope o e i nventlon. contenpl ated that the
use of t Runciprs ere runwhile indhisstatei nvol ve conmponents having different
characteristics as long as the principle, the presentation of a nmethod and
apparatus for a. common architecture for renote collection and distribution
of anal og 15 oikrdiagiations dad modifichticisefithe presend inveatiors will Ise applareatto i s

followed,. It .is_intended that .the scope of th resent i nvention, be
ot | ned Fipseiat SENIR S SRcaiLls te daeat OXiEs SRR OIRET BbBranvealions,
CLAIMS  ZRé& nfsdimaiioRs be colverta. IThePerti@Nar ValYdY Shd é&f@@éﬁbﬂsvcﬂs&fs%&r ty or

right is claimed are defined as follows: 5 . 1. An apparatus for gathering

and dpst above cambe vgried and areciteshperely foiiustratea pasticdanembediment ohteabl e
T 5 SR e ohF o8¢ BB WIR DI bR binils, i ool
contemplated that the use of the present invention can involve components having
different characteristics as long as the principle, the presentation of a method and
apparatus for a common architecture for remote collection and distribution of analog
15  and digital data with stackable and disposable modules, is followed. It is intended that
the scope of the present invention be defined by the claims appended hereto.



2. The invention of claim1l wherein said at | east one nodul e conprises an
I 0 i nput/output (1/0O connector nmeans and an internodul e connector neans

for inter onmruni cati on and nodul e power. 3. The i | f clain
wherein sgi&gﬂlﬁ@’%onnect or neans conprises a serial bus. Qﬁn’%bﬁ%hég

i nvention of claim2 wherein said |I/O connector neans and said internodule .
connect or nmeans conprise connectors that20ai | ow t he expansion, collapse and
repl acenent of said nodules to alter an 1/0 conplinent of said

conput ati onal device w thout nodification of said stackable nodules. 20 5.
The invention of claim2 wherein sai d $#MMS&wodul e corinector neans

conpri ses an . ' , ' dul e
comnect or mearhe Siidiments b g R ftuficn Eh B BRRSHY of Ruttis BaMA ! =
of cl ai mdre dbfimied] as follows:st ackabl e nodul es further conprise a neans to keep
said at |east one nodule in a stacked configuration. 30 8 The invention of

claim7 whérein said neans to keep said at |east one nopdule in a stacked

configuration 100rmwn%3ﬁ>aaaw§lﬁ>r@bfriérmg¢rﬂl distrButirig signdlb to &lcomputaionalldévicer 9
PCT/ US00/ 23187 -2l The invention of claim1l whereip said stackable

modul es @ommsm siaﬁkame modulgs icomprisinoat lgast gne maduls YBerein, gajd at least ong,e
I nventi o g\@&ﬁ C]ﬂ'ﬁ?&ib%g a prescribed function s .
conpr i se unc %’gﬁd pr per’?ﬁog require toétfynterface with an 1/0O for

said prescribed function. 11. The invention of claim 10 wherein sai d
functions and zl.o-r Op%te 'invention bf ¢laim 1 wherein said at least one module comprises an
10 - input/output (/O) connector means and an intermodule connector means for intermodule

communication and module power.

3. The invention-of claim 2 wherein said 1/0O connector means comprises a
- serial bus. ' : '

15 -
4, The invention of claim 2 wherein said 1/0O connector means and said

. intermodule connector means comprise connectors that allow the expansion, collapse and
. replacement of said modules to alter an I/O compliment of said computational device
without modification of said stackable modules.

20
5. The invention of claim 2 wherein said intermodule connector means

comprises an EMI seal.

6. The invention of claim 2 wherein said intermodule connector means

25 . comprises a module programming bus.

7. The invention of claim 1 wherein said stackabie modules further comprise a means

to keep said at least one module in a stacked configuration.

30 8. The invention of claim 7 wherein said means to keep said at least one

module in a stacked configuration comprises guide pins and clamps.
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source i npedance, |oad inpedance, EM protection, anti-aliasing filtering,
data packing, io unique 1/0 signal references, signal processing, data
reduction, and conmunication with a controller nodul e. 1;%_”;5 L.nyention
of clai m IWRAKIETH said at | east one nodul e conprises an @eaﬂét ed
nodul e. 15 13. The invention of claiml wherein said at | east one nodul e
conprises an electro magnetic interfereflce shield. 14. The invention of
claiml wherein said at | east one nodule further conprises 20 a neans for

thermal dissipation, 15. A nmethod for gathering and distributing si %Bal s to
a conput at i on9devi dBe IRRRtioRof glgim domhareln; said staekakie podles compse,a HEWET ng
nodul es, srﬁggfg,ﬂg é%n‘&"at&hrﬂro%f%ﬁﬁfem ned or adaptable function; b)

h th at

provi di ng nodul e w east one common interconnect structure; and
c) stacking the nodules. 30 16. The nethod of claim 15 wherein the step of

provi di ng nodyl.es | rQvidi a. Power s | u .
controller m)gbr e. %ﬁgﬁ'ﬁﬁ?‘%ﬁ‘i‘ IOPPIEWqIVWerFm s@ﬁ%@@%’%ﬁ@%ﬁ%@%ﬁ%%
-22 1%. Toeengrigblgsttiohs andipropértivé pacRiireditd mteifsde With Bh WO fbrisgidcprelcritist.| e
with at |east one interconnect structure conprises providing a stacking
connect ofUnetioN. The nethod of claim 15 wherein the step of providing each
nodule with at 5 | east one interconnect structure further conprises

providing an 1/0O connector. 19. A nethod for gathering and distributing
signal s to and1f r ohe ineatian abtleim 10 wherein said functions and properties comprise

source impedance, load impedance, EMI protection, anti-aliasing filtering, data packing,
10 unique I/O signal references, signal processing, data reduction, and communication with a
controller module.

12. The invention of claim 1 wherein said at least one module comprises an
encapsulated module. ' '
© 15
13.  The invention of claim 1 wherein said at least one module comprises an
electro magnetic interference shield.

14. The invention of claim 1 wherein said at least one module further comprises
20 a means for thermal dissipation.

15. A method for gathering and distributing signals to a computation device, the
method comprising the steps of;

25 a) providing modules, each module with a predetermined or adaptable
function;
b) providing each module with at least one common interconnect
structure; and
c) stacking the modules.
30

16. The method of claim 15 wherein the step of providing modules comprises
R

) O O

providing a power supply module and a controller module.



nodul e conput ati onal device, the nethod conprising the steps of: a)
determning the 1/O conplenent for a particular application; 10 b)
selecting at |east one nodule for the particular application; and c¢)

st acki ng t moari4dmast one nodule to a power supply nodul e PEFAISA0233%Mnt r ol | er
nmodul e. 20. The nethod of claim 19 further conprising the steps of renoving.
a defective 15 nodul e and replacing thexxefective nodule with a functi onal
nodul e. 21. The nethod of claim 19 further conprising the step of adding a
next application by stacking a next nodule with a predetermned I/0O.

conpl i nent toqfhe Thelmethbd opoiainim8 wWhereid the8tep Ui providihg each mdalewitl at
wherein the step of selecting at | east one, podule at | east, one nodul e for
the part iiwt@neaﬁsrq%@@%ﬁn@rﬁwem%@ﬂww ng ﬁ§‘a§§@}9 NNEERL ding the at

| east one nodule with software and firmvare to performthe particul ar
application. 25 23. The nmethod of claim 22 further conprising the step of
provi di ng i der8i f i Theimethod of deimnd & wherein the stepaf praviding eaeh mogulewitlh at he

contraller dul.e for i ; [ L ' gl h of claim 23
further i‘?ﬂ?ggpgi"ﬁﬁr qqgegtfééﬁjchﬁgIﬂﬁﬂﬁ}@bﬁﬁ%&?@l&o&%aﬂ)@ gﬁ%gﬁr'errents from
vehicle installation discretes to the controller nodule. Il~~I~ ~ Ng
LITTET | WO 01/14979 PCT/ USOQ 23187 - .23 25. The nmethqd of claim22
wherei n the sfi@p of pethed dorgathering and digtribyiing ﬁwﬂaksggﬁ"g&%aﬁt@'ﬁﬁ?rm | er
modul e ¢ ' ' ideNfHa/p Pt tapiort ity to vehicle

| ocat i On%ﬁﬁ%d&??éwgﬁ{agiﬁgﬁlgie%dtepﬂi yéilﬂr?gﬂ?ﬁe corr{),sgltgtaqﬁig?;%l_ devi ce of the

i ndi vi dual  nodul eakt at deterraining. theW® eamplemest foflaaparticulanapplisation;he st ep of

i di h I . i ' |, f
D £ s T PSP e b bRl Ve Bclit BYpicBubR, 4 o
c) stacking the at least one module to a power supply module and a

controller module.

20. The method of claim 19 further comprising the steps of rerhoVing a defective
15 module and replacing the defective module with a functional module.

21. The methad of claim 19 further comprising the step of adding a next
application by stacking a next module with a predetermined /O compliment to the at least

one module.
20
22. The method of claim 19 wherein the step of selecting at least one module at
least one module for the particular application: further comprises the step of providing the
at least one module with software and firmware to perform the particular application.
25 23. The method of claim 22 further comprising the step of providing identification

information from the at least one module to the controller module for installation validation.

24. The method of claim 23 further comprising the step of identifying location I/O
requirements from vehicle installation discretes to the controller module.

-
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~synchroni zing the at | east one nodule to a controller nodule driven frane.
10 27. The nethod of claim 26 wherein the step of synchronizing the at

| east one nodule to a controller nodule driven frane conprises the at

| east one WO erforning functions in an order pre-spdGHYARYE ¢ he
controller nodule. 28. The nethod of claim26 wherein the step of

synchroni zing the at |east one is nodule2xo a controller nodule driven
frame conprises the at | east one nodule transmtting and receiving data at
atinme pre-specified by the controller nodule. 29. The nethod of claim 26
vmgrlei ndt he stzfep Ofl'heyn@thpdn'fél'aimggzlvmmig!tﬁasﬁepcolf?gvmmgIi@entiﬁcgtimn}) Irol | g(r)
nodul e driven frane conprises sai rovidin n equence, t abl e, :
The. ot hdfoTTEaLIa 4 SORHEIE oGk cBTBHSes MaINGR PN 00quia ety
modul e wih bﬁﬁieiet 1B orPRAUIrbMENR fhdl RotiRfhd a{en&ddgﬁutaﬁéﬁan GVRE GRS irpiidu)
conprises the step of dynamcally changing 1/O type, direction, filter,
and gai n moduiestatus.stics. 25 31. The nethod of claim30 further conprising

the step of the controller pre- specifying the 1/O type before the at | east
one module it is enabled. 32. The method of claim 31 wherein the step of
pre-speci f yi n@econfPheesthed oBflaine 22 weheraihithe steptofprovidingtié af lehsf éne 1f 1 | f
I I B e s_}{.\o %,/'14973 PCTNSOO’ZC%S? -24 33 The_m%I hod of . cl ai m 22
wher ei n thdule with software pad fignware taperionsthe partichial @PRlication camansese and

firmare sgﬁgﬁghfggfqmb@ |t bhé MUl EoRtdIIRP nfdltiRs dffsh fréipe. CONtrol I er

nodul e an east one nodule performng integrity nonitoring of a
nodul e stack. 5 34. The nethod of claim33 wherein the step of performng

i ntegrity nonitori . J : ' ' i
syncﬁlnponi zati gt% fr Zﬁ% "\?étpﬁd §P &g@aﬁ%& %&E@@?ﬁ@&{eﬁe& s%@t’uloﬂfiir{bgth% at least one
moduie to a controller module driven frame comprises the at least one module performing

functions in an order pre-specified by the controller module.

. 28. The method of claim 26 wherein the step of synchronizing the at least one
15 module to a controller module driven frame comprises the at least one module transmitting
and receiving data at a time pre-specified by the controller module.

29. The method of claim 26 wherein the step of synchronizing the at least one
module to a controller module driven frame comprises said providing an 1/O sequence
20 table.

30. The method of claim 22 wherein the step of providing the at least one
module with software and firmware to perform the particular application comprises the
step of dynamically changing /O type, direction, filter, and gain characteristics.

25 "

31. The method of claim 30 further comprising the step of the controller pre-

specifying the 1/0 type before the at least one module it is enabled.

32. The method of claim 31 wherein the step of pre-specifying comprises a

30 configuration table.
_—

R



35. The nethod of claim 33 wherein the step of performng integrity
nmonitoring io of a nodule stack conprises verifying data transm ssion
integrity by utilizing USB start-of-frame, end-of-frane, start-of-packet,
end- of - packwsquikerss of activity, and cyclic redundancy cRETRSOV/BE? The
met hod of claim 33 wherein the step of performng integrity nonitoring 15

of a nodul e stack conprises utilizing a-gaal USB bus. i ~iiiii~ 11111111111

Ij jij Il 1111 CL MS

33.. The method of claim 22 wherein the step of providing the at least one
. module with software and firmware to perform the particular application comprises the
controller module and the at least one module performing integrity monitoring of a module
stack.

34. The method of claim 33 wherein the step of performing integrity monitoring
of a module stack comprises monitoring a synchronization frame with a frame counter.

35. The method of claim 33 wherein the step of performing integrity monitoring
10 of a module stack comprises verifying data transmission integrity by utilizing USB
start-of-frame, end-of-frame, start-of-packet, end-of-packet, loss of activity, and cyclic
redundancy checks.

36. The method of claim 33 wherein the step of performing integrity monitoring
15 of a module stack comprises utilizing a dual USB bus.
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