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vehicl e has uni qlfeteRastihe desiancioaredayryidtRnel 8g9maviaf et e at  the tine

or by its fuypekifedin ﬂh@qwnﬁ @ﬂ@rﬂ&l@cirom SorkisaHint ¥sdepstil bibghéd byt er  and
el ectronic coglg%gent assenb emgns uni que for-that vehic VME and

PC104 style S ‘r‘f@sﬁ‘ﬁt‘iﬁﬁ'bgr PE/E HEWO&WWEBHEQSS%P'H%‘?A O%dar di zat i on
of nodul es @repasea@@’aia EflectldVedriuter! Thesd OIBCIr6ML BbMPEnd abbemblies

were either replaceable on ihe vehicle in a modular form, or replaced and

repaired in the shop when the complete compuler was returned for service.

A prior art system thatl uses stacked modules for 2 combuter
device is disclosed in Journal “Konstruktion & Entwicklung”; August,
1995; Vol.5; Article “Intelligenz auf die Rethe geklemmt”. This prior art
systemn is made for industrial use and not for use in harsh environmental
conditioné. In addition, the present invention uses stacking conneclors
for plugging into each other that are EMI shielded, unlike the disclosed
prior an'whereby 2 guiding rail and side contacts allow the modules to

slide side by side.

Each vehicle has unique interfaces diciated by technology available al
the time or by its functional requiremenis. This usually results in computer
and electronic component assembly designs unique for that vehicle. VME
and PC104 style packaging methods have been applied o address
slandardizalion of moduies or.assembties. However, the close coupling of the
inpul/output electronic component assemblies with the compuiation
assemblies and computer chassis restricts the abilily to adaress technology

obsolescence and lechnology refreshment.

SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an understanding
of some of the innovative features unique tg 1he"preseni invention, and is not intended
to be a full description. A fult appreciation of the various aspects of the invention can

be gained by taking the entire specification, claims, drawings, and abstract as a whole.
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s and power for the 1/0 module computing elements are provided

The modules follow object oriented design practices from the hardware as well
15 as the software standpoint. That is, all the functions and properties required to
interface with the type of I/O it supports are contained within the module. These can
inciude source impedance, load impedance, electro magnetic interference (EM!)
protection, anti-aliasing filtering, data packing, unique /O signal references, data
reduction, loop closures, and communication with the controller module. They are
20  programmable for gains, filtering characteristics, and IO data rates.

The modules include electronic devices, integrated circuits, resistors, capacitors,
and other components required o 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 /O and a stacking connector for inter-moduie
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
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, passed 10 each module through the stacking connector. Unique and high power

requirements are provided at each modules individual /0O 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 I/0O 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 /O devices and I/O compliment required for
that location.

30
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10
Yet another advantage of the present invention is that the individual Scalable
Data Concentrator (SDC) modules are designed for interchangeability and adaptability

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 of the
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
learned 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 pumposes 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

30 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
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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 controlier 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 /0 module in accordance with
25 the present invention;

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

30 Fig. 10 shows & preferred servo loop I/O module in accordance with the present
invention;
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depicts a preferred SDC internal structure in accordance with the present
invention; is Fig. 5is a diagramof a preferred power supply nodul e |nI
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preferred stacki ﬁgtég%"r{mﬁe%tng?ﬁ’pi n configuration in accordance with the
present invention; Fig. 8 is a block diagramof a preferred adaptable 1/0

[ ] t invention; Fig. 9 shows a
g‘r)g:‘]la(rar lag Zﬁgfggawg %HF&%#@?&@?@Z@B@%MWme@smeest%qurej nvention; 30
Fig. 10 shows = preferred servo loop I/0O nodule in accordance with the
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present invention; | F{;. '?E shows a configuration table in accordance with the present invention;

Fig. 14 shows a sequencing table in accordance with the present invention;

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

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

15

Fig. 17 shows a preferred 1O 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 aliered and reconfigured to tailor the SDC to the I/O needs in the
specific location in the vehicle. Adding additional I/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
(1/O) and processing modules combined as part of the stack.

A standard interface, which provides power as weil 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.



-6 Fig. 11 shows a preferred USB stacking bus architecture in accordance
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present invention; 10 Fig. 15 shows a preferred data transfer timng in
accordance with the present invention; Fig. -6 shows a preferred
controller nodul e state diagramin accordance with the present invention;
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support nodul e f,&dantahiﬂﬂo module and the selectable filtering and gains on the Umque /O modules
10 provide additional flexibility to the spare I/O remaining at each SDC location.

Ali modules provide the ability to access their health through a serial bus

interrogation. They report health information on a regular basis while in the flight mode.

15 Modules 10 support a moduie 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 /O unique to that
module. For example, all discrete I/O types will be connected to an Adaptable I/O
Module 14. Each module 10 provides the appropriate Electro Magnetic Interference
{EMI) protection for its }/O type. One source of vehicle power is connecied 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 /O connector 12 rather than from the SDC power

supply.

Moduies 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.
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-desi gn supports expansion and tailoring of the 1/Oto the requirenents of
each specific vehicle installation |ocation. The external |/O connectliloftBi 204
t hrough a separ atﬁ, blind mate connector supporting the maxinmuml1/O

i npl enentabl e on tR@YAH2t d area for that 1/0 type. Mvdul e powePCamsiozss?

I nt er-nodul e conmuni cation, by serial 5 bus, are incorporated on the
"backpl ane" stacking connector. Any type of motlul e 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 1/0O nodule
and the sel ectabl e fiFadymaguignd rseferedlymovibes teiinfadade/ Kasmastiges 10 provi de

additional flexipild £ | emaj ni at _each SOC | ocation. All
modul es provi de t idetgérP?t%/Aafco gcclgfgsfé‘%?gcwgﬁgﬂ’eﬁﬁcﬁm &@%P?‘&‘F' syeRly 24
i nterrogation. Taeycoendedet modales 26i he powei UpphRPardediftdllerhisduiesdt 48 i N
the flight de. : | dul t acki t hodol

oun 10 Fig 1. LS et RSB 1 GelBTs ol Rad Bdes of o pair of

shown in Fig. 1. e €expansi o

serial buses el etandie$$ byd bospatrinztionsiviina sbiiet BE ahBicyShecidr %Fﬁécti%@.
(USB) standard, a nodule programm ng bus electrically conpatible wth the

SPI standard, and power fromthe power supply nodule 24. 20 Each Mdul e 10
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power is connected to the SDC power supply to provide power
Modul e el ect Foni¥&ek- Hi gh current power 25 sources, such as 2A 28Vdc/ Open
di scretes, are sourced from separate vehicle power

Al modules 10 preferably have a two-layer encapsulation to eliminate 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 vehicie and secured with swing bolts 17 located on the power
supply and controlier modules. Replacement and repair actions are performed by
removing the complete SDC module stack from the vehicle tray, unsnapping the fauity

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 following types: power

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



I nputs to that nodul es external |/O connector 12 rather than fromthe SDC
power supply. Mdul es 10 are designed in standard size/standard fokrhtEB 2004
factor and have gg¥agemon bus interface 20 and nechani cal nMpgfiEdga%d
that supports stacking as shown in Fig. 2. 11 FEB 2004 WD 01/ 14979
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mati ng connector 20 and conpati ble receptacle 22 with the exception of the
power supply 24 and controller nodul es 26. The power supply 24 and
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The power supply contains sensors 39 for measurement of environmental
temperature and vibration levels that the moduie has experienced. This information is

made available to be stored in other modules in that same location.

15 The controlier 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
microcontroliers, a master controller 40 and an External System Bus Controiler (ESBC)

20  43. A dual port 41 interface is used to buffer data from externat 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 moduie in suppornt of an externat 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
utitized to synchronize data conversion and transfers to the extemnal system bus and



supply and controll er nodul es. Replacenent and repair actions are perforned
by renoving the conplete SDC nodul e stack fromthe vehicle tray, 11 FEB 2004
unsnapping the faulty nodule, separating the stack, inserting a good
nodul e, snapping th® ®ahak together, and re-installing the SDCP%*E&&WBHEO
the vehicle nmounting tray. 25 A USB serial bus 38 provides the intertace
bet ween the individual nodules as shown in Fig. 4. Each nodul e provides
the appropriate terninations and bus interface to allow up to 10 nodul es
to be stacked together. 30 The baseline SDC i ncludes standard nodul es of

the foll ow ng tyReSimiAOMRncyS WA

adapt abl e anal og an(r:ImV\D Of/C{497gMg9%?Ln %J@S@C@%E%@%%tedp%ga& e

|/ O 44, anal og 1M8nsfers %SK@FKPGIZBWI) the ldSErf‘eszaazart(mrIarmnplbmlen'qahem suppuns
Vanagerent ( pony ST/ EiERlontitl Bl AR iR Gleost TBF ClRinpteT U Bives 33 A
preferred SDC popmvidas@gditionacheadh Mnagemmmgmstﬁa @apaﬁmtyi éndl aRuasiityelrhel e
power 25 and con V VDC 31 to power
the electri cgll %@ﬂpk%ﬂ%'ﬁl hﬂeﬁ%gg l%é%?éacn%qﬂlfeé@’e f‘?‘:@tﬂﬁﬁl%é‘”ﬁ%‘ﬁ%?)’ﬁ@m with
obtai ned at eachplugsuhdimay featires similirionng PerserlliConspiev@c)bus. O her

vol tage | evels can be provided in the power supply nodule 24 as required
in the specific nodules. 10 The power supply contains sensors 39 for

measur ement of envi r oNdeptate I/OtrAOMeE 84 I8 @paBIE of hBFANgN Jeﬁ%l%'ﬁpﬁt%ﬁ dull
nodul e has experlencd This information is  made available to be store I n
ot her modul es i ndiE¢&te gaﬁiapq)taéqq I§Rge anaiog signals, regardiess of the pin to which they are

10 connected. A block diagram of a preferred adaptable I/O module is shown in Fig. 8.
Each I/O pin 47 is adaptable (programmabile) to configure it for level (28 vdc or gnd),
discrete or analog, and direction as specified by the controller module for the SDC
installation location. Installation data is stored in the controller module 26.
Configuration takes place upon power up when each device signals the SDC controlier

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

The preferred embodiment includes a digitally controlied first order filter 54 on
each I/0 pin whose characteristics are specified by the controller module.

20
All outputs are testabie through the insertion of BIT stimuli 50, which is wrapped
back for confirmation of leve! control. All outputs power up in a high impedance state
until enabled by the controller module.
25 The unique Anaiog I/0 Module 46 handles the unique vehicle instaliation signals

and is uniquely designed for that vehicle. If the vehicle contains multipte instances of
this module it can perform any configuration settings designed into the module on
controlier module commands. An example of a specific vehicle embodiment is shown
in Fig. 8. In this example, input gains 71 and filters 68 are adjustable by controlier

30 module commands.



I's The controller nodule 26, defines the configuration of all 1/0 rmdul es
controls the SDC col | ection and output of data, controls the spc 11 FEB 2004
comuni cation with the systemconputer, perforns SDC PHM and BI T, and
perfornms potentiaW@187Hrocessing and filtering. A preferred runsoabiser
nodule is shown in Fig. 6. It contains two identical mcrocontrollers, a
master controller 40 and an External System Bys_Controller (ESBC) 20 43. A
dual port 41 interface is used to buffer data from external system bus 45
to internal USB bus 33. Controller nodule 26 contains the root HUBs for

the two SDC USB buss,ﬂsmpﬂ'th!@t;ﬁﬁbgl@ltéﬁﬁble%ro%lﬁh@%sle‘?ﬁon@@l‘f 8tirdGli 16 vﬁﬂ:h are
I npl ementati on of the coni(yol I nmodul e i n support of an external

vehi cl e syst em bWEaPREAkark aypa gblgvelpootrol1 553 1394) archi tect ures

woul d be inplemented in a sinmlar manner (not 25 shown). The SDC controller
can be inplenmented with one of three basic types: micro- controller, state
machi ne, or DSP. A prAitexanerle §f aéRWﬁdOQiUﬁﬁ@dﬂﬁSh@Wﬂefmﬁ@dWreﬂiheaeﬂvbllcloesm@duie

pair of USB ekecjgiCalbe & PLR ??g%llénﬁ%%?ﬁd §§'vo ?ﬁ\é{;ﬂﬂ%ﬂmg aQscﬁ:’naQed ZJ th tQeral

i nternal SDC conmuni cati on. speed us sup
i sochronous ( USBS%f}‘@ﬂ:?nd)h\éDyF\@T teetibanks 7@r Exebitionarf the loop biosua'd cbotrol laws,

PR 2004 10 01/ 17695 KIS pOSBMh BBl G ISt e o FetRoe Pt il ey
ot her bus st r uct proesssing powesrof tHeomodulé'e microcatatotier. Feedtmfciegsmam filters 78, and
Synchr on zat i on’ ST AIVCRT AT 78 RiE HortpurBRgbaBErersiRalel pay r of USB
buses 33 prowvides addl t i onal heal th nanagenent di agnostic capability and
Faoi |1 tates an avi on/DeRfSbtRiis rm e ie Pantihyha rspBionar 61T Syl & Wihine
Per sonal Conput ewrapp&d baM&pt@ﬁirmaindermafbﬂb@ntH i s capable of handling all
vehi cl e i nput and out put
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 ﬂexibiiity 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 controller module and the local
modules. Each I/O module contains a local microcontroller 90 responsible for handling
20 the debouncing, filtering, control laws, and etc. associated with the /O type as weli 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 /O stack.

25 The SDC software makes use of the USB bus capability to implement; 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 82 through each module in the SDC.

30

Each module enables its HUB repeater function to the downstream



di screte types and | arge range anal og signals, regardless of the pin 1? 7004

whi ch they are 1o connected. A block diagram of a preferred adaptable féﬁ

nodul e is shown i ig. 8 Each I/O pin 47 is adaptable (programmble) to
bt v

configure it for vdc or gnd), discrete or anal og, andCHV#EE3BHN
as specified by the controller nodule for the SDC installation |ocation.
Installation data is stored in the controller-1gedul e 26. Configuration
takes place upon power up when each device signals the SDC controller 15
and serial 1/0 nodule what_its class/type is. The controller nodul e then
est abl i shes the PRESHWECbRPMEIEIESHYSHIWRYERETalionideintTicatipn ond tidiesn

di scretes 49. Th%p@élﬁéa%ﬁ?duﬁ'@@@hﬁ@ﬂlésb b d65hedted if's Iaf'?t%é ¥ 168 Mk, gthed

first order filter 54 on each I/Op ose character | CS are spe
by the control | emMagui’s BUBRS zn bﬁmﬁnﬁwrsdmba\tee!sulablleeenﬂbolmsgbr ddferngrmpﬁstoron

of BIT stimuli 5 |

control. All out gﬁﬁa\émt)e%&/esrée%?rp&%g‘ﬁ{g%qﬁa%reooaﬁﬁé'ogf %ﬁgi h?‘?"ltmgﬁfgiﬂ fugctigps.
the controlles nodule. 25 The uni que Analog I/O Mdule 46 handl es the

uni que vehicle instal katipn Si I and is lyv. d s' ned for that
vehicle. If the vehic "‘Er@@ Gord et s RYSJF B"Y hcge{a Hdbe Coptrole '\EOdHI?o‘hT h dokesy,
perform any conf remweaisﬁoltovﬁag UlSlgﬁesiege redts. IRoor bhdaRgbdsSofUBB ARBSddRs! er
nodul e conmands. _An . .ex I fic vehicle enbodinment is showmn in

c
Fig. 9. In this §%reéw?ﬁ' ﬁtfatﬁ%l”ﬂ:e 872 and filters 68 are adjustable by
controll er 30 nodul e corrmands 11 FEB 2004 W01114979 PCT/ USOOR3187 -1]

Al l |nputs/outputs a;‘g ? ‘g t(;]rou gh the insertion of BIT stimnuli
which are wilpped bae RTE'gred ampedimgntimplegtentsibege basig tvaes Oﬂﬁs%ﬁa??pﬂ'@séfit'%s'-
servo |l oop nodule is shown in Fig. 10. The servo | oop nodul e

a) Control transfers - utilized during the enumeration process to identify a module
and to set it's /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 I/Q 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 controfler requests data transfers with a token packet 98
and the local controlier 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 inforrnation to the controiler module through control data
transfers:



5 48 is capable of handling all inputs and servo drive outputs associ ated
with several servos and LVDT/ RVDT feedbacks 72. Execution of the | odq FEB 2004
cl osure control | "N de logic, and second order filtering is provided
on the nodule by utrlizing the processing power of the nodul e' ZT/US00/23187

m crocontrol | er. Feedback gains 80, filters 78, and servo drive paraneters
74 are configurable by the microcontroller. TQ?All inputs/outputs are
testable through the insertion of BIT stinuli 82, which is wapped back

for confirmation of | I ntrol ., .Ihe previ ous text describes a hardware
st acki ng nodul ar desi g‘\rél&t'iﬁg?peéﬁl %V\@‘dﬁﬂ’tfag'ei@'%;‘?ﬁ’é’é-‘)@f’v iGdcti ons to be

sel ected for each unique vehicle location at installation tinme. In the
preferred enbodi nent @hi%f |l exibility is enabled through software, which is
i ndi vi dual i zed for eadROWBIANIACHIRLANG RASt ANlsfpe and function of the
nodule. Fig. 11 shows the USB interconnect between the controller nodule
and the local nodules. Each I/O nodule contains a |ocal mcrocontroller 90
responsi bl e fér hand VRgeGeiHEUBBBGEWAE ng, filtering, control |aws, and
etc. associated with the /O type as well as the stacking bus protocol.
The USB standard interface t_pr otocol provides the interconnecting

communi cation |ink tHest ¢apfigyedion settiaenti fy, configure, and communicate
with the I/0O stack. 25 The SDC software makes use of the USB bus capability
to inmplenent; live connections, endpoint identification, isochronous data
transactions, bul k dakhg contralifs smaduleneses dinsl irfforanation) tocdetemohe if e corasot hoduie ig

hi gh: speed def er m.2ns4 1 ; | djstributjo stem The
software ar CEIB t e@tb%!%& foﬁé@?rgg?tg] gé H%C‘E}é&g‘{ﬂe %ﬁcgto %?W"?:%# hegﬁ? ﬁ%@%”ﬁlﬁ’”@
t hrough each nodesreect.nif thed/ Somfigdtatiga dhinomrdadt, endictainl @snaw MmobliB Hag bRk Hstalled

f U.”CF ion to the gawastsiedMobdieHeRomO4 configuration update on that module. This includes a
setup token packet 98 followed by “out” data packets 100 specifying:

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

Framing sequencing (input or output timing for each I/0); and
20

Initialization of the frame counter.

Each I/0 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, ievel 110, gain 112, filter 114 that can be specified. The characteristics of
each module are different and therefore the configuration table content wiil 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/ US00123187 -12- port 94 when it conpletes it's own
enuneration (identification and address specification). Up to 10 m)dutfﬂs
can be connected in series in this.manner. Each nodule's HUB 96 canl betb 2004
configured to hav Ll € endpoints for defining pipes or da r eans
bet ween naster coﬁ‘tvglg}lf%? 40 functions and | ocal controller 90 f"??ﬁ‘i%%ﬂg’ 5
Overall, control of the bus is provided by the Controller Mdule through
token requests follow ng USB nessage formats!4Four primary types of USB
nmessages structures are illustrated in Fig. 12. to A preferred enbodi nent

I mpl enents three_basic types of USB data transactions: a ntrol transfers
BT 26 dur | o PrcEFR FEPRBIS fedaiecd Sl paneengd al SidhPe. 480 18D, 34
it's 1/0 confi gun@wémalg,%ltﬁwgs RRekskifedifihé bR wiNdcstizd BEAsURBrols fss adkne
master controller issues a token packet 98 requesti ng_l specific information.

The local 15 corfassiblesrTheddams savntss13aie m asatrebthefagisomimber Y18de speaily
a data packet 1QQupiic & b PARSERCFIRRE IR rhBe. ﬁké@@@éﬂwgmggéfm% %ﬂﬂ%ﬂ
S et ween S an

termdefining periodic, continuous data transfer

devi ce) dat a & r datsftables to facditaie apwaye aapssh |/ O data is guaranteed 20 to be
transferred at the rates required and at the specific tinme within a frame
and/or on a specific franme nunber. The Start of Franme (SOF) packet 104 is
i ssued by the nast er The S&1G giadele stackrigtightirsynehrenized for altisobhriooous data transfers.

troll tiligz i |Gl s ti . T
ot er control | 181 g sbelét APIScABR R b BlE RarelRb b id BREP e Ve, The
| ocal control | erCargroliér Modwe besdoasts therSidit af €ramen|SOF X daeketat0d tpal kedduledat the

2 ) K OB 2 A8 LRp R e Rfe, Bl JBR hi R A0 Gy Sz S M
conversions to the start of frame and unique frame using the frame number 118 as
specified in the sequencing table. The SOF packet signifies the beginning of a period
during which all isochronous data 120 from all SDC modules is transferred to the
Controller Moduie.

15
The sequencing tabie is deferministic. 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 I/O 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 I/0 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 also set the data validity byte to invalid.



Modul e configuration occurs at power-up. During enuneration each nodule 30
provides the following information to the controll er nodul e through C]ON:EBO}
data transfers: 11 FEB 2004 WO 01/ 14979 PCT/ US0023187 -13-- MNbdul e 004
type/ cl ass (Adapt awbelsbfd, Servo Loop, etc.); Mdule manufacturer and part
number; 5 Modul e serial number; and Last configuration settingtCH¥R023187
controller nodule uses this information to determne if the correct nodul e

is 10 installed for this location in the vehil'e and to deternine if the
| /O configuration is correct. If the 1/0 configuration is incorrect,

i ndi cating a new nodulrge Ba%: BRSEs | led . the controller nodule perforns
a configuration Elﬁdat e on that %@Eﬁ%@é ?ﬁf‘gafﬂﬁﬂrfwggecgpn eSS B0l emapsib ket

98 fol | owed by pradgifipral faitke defediad rmperinfoytisnd)sa ' ion. f ach

| /O provided by tked psidl,fs dacf‘lgiime d fitl ter ssest ti ng?a%%ér}dgg{caﬁpéflsgafzﬂngcgﬁ fre

by the modul e; F%Z)(rp' ng ks’?qud?‘gci nge (Y RP e sAvet tokens es et gs Hota temsters./ Ech

and 20 Initiali | RATkeS anchiokén panketeuHidifg a SERCRE/ | e stores, the

confi gurati onssethhigidr R nfi gyrat i o'_n gr?d se%l]gﬁéﬁ)“% {586 1@ ¥aldstethey
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in non-volatile gﬂ'egoi;y | GIUEE A\ 1BIFSF indhe sreshroecwill remuit inthet dudressed 1/0

configuration taModuiesespamdindagithedNegatraal ' dul e. Each

si gnal connect i O&’"ﬁﬁ Ha@ bse(sr/ﬁégl pagr’?imet éﬁgémb%%rﬁ%ﬁi(%éghg%&l%Pa%fb,

gain 112, filter 114 %Rab da 28 yeeq 1q wiidateidetapankatinteght i cs of

During initial enumeration, the Controller Module verifies that the correct
10 modules are attached as specified by the vehicle and location key discretes 49. The

module class/type is checked for Adaptabie 10, Unigue 10, Servo Loop etc
identification prior to its USB attachment.

The redundant USB bus 38 provides additional availability after failure but is also
15 used to isolate HUB 96 failures on the other bus.

Additiona! monitors include Loss of Activity (LOA), Babbie, Bus activity extending
past End of Frame (EOF), and Start of Packet (SOP) without End of Packet (EOP).
Recovery from these fauits 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; extemal system bus to USB interface, vehicle ID 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 I/O moduie local
controilers 90 is accomplished by the ESBC through external system bus message
control. An SPI bus 51 interconnects the Cantroller Module master controller with the

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



each nodul e are different and therefore the configuration table conte?t
will vary. 30 Fig. 14 shows the content of the sequencing table. Eath B 2004
signal connectionwkiin4d?s given a rate 116 and first frame nunbgsy "%%?3@9
data nust be ready for transfer. In 11 FEB 2004 WO 01/ 14979 PCTI US

- 14 the preferred enbodinent the rate 116 capgbe specified at 5, 10, 20,
40, 80, 160, 320 Hz intervals, although those skilled in the art wll
recogni ze that numerous rates are possible. The frame counter 122 is

mat ched agai nst émgbléd setriantiameshikiBs heldsw t rapsteLr,
during that frac\E?rBThegi?J nal s can bg grougéés'dailbrr\%rgé g@?r’r%’n' %Sﬁg\?%'l? 5!985

facilitate soft OgE\Eing duiifg Fight Stalel4B@ stack is tightly synchronl zed

for all isochronous data transfers. Fig. 15 illustrates the |ocation and
order of the data transfer_s within one franme. The Controller Mdule
broadcasts the Start T&e varighe siaBerf theabamttolleoModide atdsteraduiralier ate Howntio Fig.
start of each 1l r AR ac ket roni ze data
conver si ons '[150 t he @ttgg?owgﬁwgne a% Sll?nifz#e% tg%ﬁ ?{Eﬁ?ﬁég%%

118 as specifi édcatwntbyeilwq@emwthgystwal'Ehis'FifmnﬁﬁEnpmvl@e& poirgets to §§:|ubhé'e table

begi nning of a during whi ch all isochronous data 120 fro
nodul es is trans erre to the Controller Mdule. 15 The sequencing table
is determnistic. All input data conversions the Controller Mdule is

expected to request 118 are predeterm ned, and

[ | number
the data is converte Fﬁ@sqff?%@iﬁwﬂﬂﬂrﬂ'ﬂmﬂweﬁ%ﬂ Sat PaRT uPigguence
i nput data ics t:hencurﬁnr@dn whethyr tny@rdgaéahﬂuri‘g%"tatbrﬂweeént&léen ThisGe '&Eéd?ﬁﬂii%ﬁed
Modul e i sochroans ta 20 reque % roviding a m ninum of | atency on I nput
dat a roug a sequence of external system bus messages and vehicle state discretes. If
the programming state 134 is set the ESBC selects the proper module to be
programmed, resets that module and transfers 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 completion the ESBC will
wait for flight state initiation.

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 #O 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/0



Qut put data is converted by the 1/0O nodule i mediately on conpl etion of t&ﬁ
| sochronous data transfer period in the sane frane in which it was 1dF&EBV
for a mninmumof data |atency..25 Both the Controller Mdule and each 1/0
modul e mai ntain ay{ggfRepounter 122 to direct execution of thgRhRRHA1s
portion of the sequencing table. The 1/0O nodules nonitor the SOF packet
118 "frame nunber”. If the frame number does_pot match the nodule's own
count; the nodule will re-synchronize to the specified frane count and 30

i ssue the requested i sochronous data packet when requested. |If a nodul e

must resynchronj [ yl e L.di [ ' 11
TEB 2004 Wb 01/ 1TETH e oHd ol SRE A coRE BN uflohidabe P fudser BBl 1o,
fault protecti onpasshemteshainextWoapedilbem into additional failure detection
mechani sms. USB standard data transaction CRCs are wused to assure data
integrity on the request tokens as well as data transfers. Each SOF packet

and token packet cont\hersthe comipigte SBC stazk Hdsaieeh Sonfiered the\Wdstéeradontrblee S5

Control | er Modul . in th | It in._th
addr eesed 1105 MBI s BAmRGC AT oL R AR beeRbb o gt \okaipe
Each data packetESBQrzgéérsthis thGudh the@%rﬁa@g@ﬁﬂbd&ow& Vemtie Mitagemaaket

integrity. During initial Snumerati on, the ntroller Mddul e verifies that
the correct io npBTPHEr MChi!f atfalvres osqe dhe canditigps arecPassad tq the ML instead.

| ocation key discretes 49. The nodule class/type is checked for Adaptable

10, Unique 10, Servo Loop etc. identification prior to its USB attachnent.

The redundant USB bush 8% TigRiviar el ¢ periem alisystembusitp &uaf Bpm gagkingut

is also 10 and unpacking for the USB bus data transfers 150 and controls other controiler I/O
functions.

The Master controller handles the Dual Port to USB transactions and maintains
the SDC stack synchronization and framing 152. !t 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 I/O Modules, received USB data integrity, and performs activity
heaith 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 vanous states of the 170 Modules are shown in Fig. 17. The programming
state 160 is set by ESBC reset of the module microcontroller. Program data is
transferred through the internal SDC SP! programming bus 51. if the programming
state is false the microcontroller 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 IO type through BIT stims and internal wraps. Upon BIT completion the
module microcontroller sets the soft connect request and waits for enumeration.



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

i nclude Loss of Activity (LOA), Babble, Bus activity extending past]FERED a0
Frame (EOF), and Start of Packet (SOP) w thout End of Packet (EOP).
Recovery from t hes®duakrs requires that the device driving the pdrhggaigs
state is isolated 20 fromthe bus by disabling the dowmn stream port 94. The
External System Bus Controller (ESBC) 43 perfofgms the functions

supporting; external systembus to USB interface, vehicle ID and | ocation,
and SDC programm ng control. These functions are independent of

installation and need TreterhenaBtiorhemoes ieintdiatidey 4 HedulR@GHBEATIRY EQE@H E@
at manuf acturing 4l of the master controller 40 an(?t §
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u

Controll er Modul e ter controller with the 30 | oca

control lers for tTHPQUIBENAYES its ewnKlownssreasupesang altpvesnihe GpntrotiertModule © 11
FEB 2094 WO 014 14@SmBkidAb 9ot H7HuB l&e%{b?%r%ﬂuﬁ@%{%ﬂtcif%Héf%%e%&iﬂg'ﬁ?%.

held in reset for this function. Interlocks prevent enabl es
during Flight State 130. The various states of the Controller Mdul e nmaster

controller are shown MRekk8ond & - e . the ESBC 13
identifies the vehicle and. SpC F%?{g%{égﬁlﬁlgaﬁﬁ%@é}#gﬁg%}gﬁl&ﬁhgg?lgﬁ %oqg'ﬁlﬂ"@?'o’ké%‘)f
49. Thi s i nf or natth®ipytsAndieutpryls ontesch |/Oanahipiamt thet seidction sethecioho@rsion The
ESBC i s responsi | r or mal . power u equence to
is occurring or \%ﬁg? hlgcge ttg ﬁ%%@bgﬂrlg%l%w%gkgﬁig?éyit ° E"&ﬂ?&@ﬁ{%‘ﬁgdfherﬁﬁsyeﬂgest Is
acconpl i shed tohr dogtureenteanfightation Bnd sequenad tabjsintommaten "B #5866%e AL Mehbel e

state discretes. ) t 4 s .set the ESBC sel ects the

or oper nodul e 10 c%étfoltéPﬁaggé%%mgﬂeﬁtﬁ% lﬁoc}u?fe. 'f it is incorrect the master controller
- provides the appropriate information to set the I/O for the vehicle installation location.

The I/0 Module controller sets the I/O direction and sets the analog gains and filter

elements to the correct state during second step of the enurneration process.

15

Until the Controller Module commands the Flight State 172 the 1/0 outputs are
disabled.

In the Flight State 172 the I/O microcontroiler performs the specified signal
20 processing 174 including filtering, debouncing, or other signat 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 controlier module and
the I/O Module. Driving the data conversion sequence from the sequencing table

automatically synchronizes the data availability to the Controller Module expected
25 isochronous data transaction requests.

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

30



programmed, resets that nodul e and transfers the data through an int 3“%@' |
SDC SPI programming bus. |If the programming state is false, both tﬂ Eg(n,u
and the master 15 | er performtheir individual standard ts
136 (e.g., inst ruc‘tgﬁgiﬁr{@egt, register, FLASH NVM tiners, WDT. Pﬁj-ﬁéﬁtﬁ%('ﬁ’t,
and etc.). Upon BIT conpletion the ESBC wll wait for flight state
initiation. Upon entry into the enuneration stldre 138 the master controller
proceeds with 20 enuneration of all 1/0 nodul es. The enuneration

process-begins with a nakl n th downst r eam por t 0 of one qf the

Control | er Modul e USBBS&@S'&W?“H%F’?'? € & (MORLPANGOIRY B t'?eeglt%‘ﬁggat%f‘?’h a
soft attach requesbmple] as fuiod@yWaIT: &@;ﬁb@@&h&r@idg?datb%@@ﬂit?;i RS wid#la; fijen Cl ass
and type are correct for the installation the naster controller assigns it

an address 144. THNYOURG; PONEE MOBIPEIge doWR Sirerm biaEHaultm stog tfagts areiasyed tam
port until the peneCostiRel MddsleRRAGHE inT@ﬁvNﬁﬁérﬁrhisQ&g.t Chliflous BT gng JBIT

perforns the sane sequence on the other USB bus” The Second step o

enuner ati on procddictigas angrua pdile inibisstatei guration of the inputs and
outputs on each 1/0 nodul e and the selection of the conversion sequence 30
table. The first step_is to determne if the current configuration of the
| /O nodul e is i ncor r eher yairtiona ent qodificationgof thectesert invantiomeit beepparent to

cont i gurati on 148 geg o8 e MOSAFH st el Ene HePEhde T SatianBl SR yaratons
PCT/ US00123197 and msdiificetians heoznyetedt Jhetpartidulr vélues ana configoratiogsidatissed
coml ot & SDC 0t agRofthc ke el o Sk L BRLBFS A e Soodipe ol 1B
ESBC mi cr ocont r obtesent inegntivh @ngd aechotiirtendsdiy lifmitrthé btapet of haineedt@dd. Iflise ESBC
passes this throyghe kBeEhel alusS YPhe Broiit ndettlf cLativane CARAASIENL ing
' 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.



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

Port packing to and unpacking for the USB bus data transfers 150 ahyFEB 2004
controls other controller I/O functions._ The Master controller handles the
Dual Port to USB transactions and nmaintains the SDC stack synchroni zation
and framng 152. It issues the isocm data 15 transfer requests in

accordance with it's own sequence t der. Wiile in the Flight State
the Master controller nonitors 154; frame-sequencing responses fromthe
110 Modul es, received USB data integrity, and perforns activity health

moni toring on tshe E f afiCchApiRing @ pheayokeidckabled into
NVM 20 flight 1Hi st(?rggp ntFir?ﬁJH ua;r BIT aﬁgﬁl BI@F fEnctions are run while in

this stat gnofURer (198t eachanolulel 1@ cdmneisimps edbmvire@tunetion,n this

state 156. 25 The various states of the I1/0 Mdules are shown in Fig. 17.

The progr avivéredn ssidistaci@ble sneduldsy(EBBOMpsse atfleapbamiuet supply

m crocontroller. Programdata is transf d through the in%er al SDC SPI
pr ogr anmi module &24) and encomireligamadiie (gégf F@”ﬂ%}%@é ARRETRIET GEGH r ol | er
performs its standard internal BIT tests 162 (instruction set, register,

FLASH, NvNarggig e  and etc.). It then perforns 110 functionality 30

tests on its I/Q.t r o ' o A8l on BIT

conpl etion the tg%%gﬁgéﬁkec%g;caolﬁ%%??L@g@%l?ﬁﬂgﬁm%ﬁﬁggw%uest and
wai t's for maumesat bAA stabilizERoRM YRaPpA B-MPETB 2PN ABILRAG thés The
enuneration~process I1s Initiated by a nodule identification 164 request by

t he mast emedalgs(1@rin placehendodul e class and type are correct for the
installation the Master controller assigns it an addrgrs?Z&)Ga ep an

address is confeachemadide(1@) comprising a stacking connect mserte
internally into a next module further comprising an EMI seal and an 1/O

connector (12).

2, The invention of claim 1 wherein said stacking connector
(20) comprises a feed through connector for expansion, collapse and
replacement of said modules (10) to alter an I/O compliment through
said 1/0 connector (12) of said computer apparatus without modification

of adjacent stacked modules.

3. The invention of claim 1 wherein said modules (10) further

comprise encapsulated modules (24, 36) for maintaining a structural

integrity of the stackable modules (10) in harsh vibration environments.

4, The invention of claim 1 wherein each module (10)
comprises a faraday cage to protect the module from electromagnetic

exposure and an EMI sealing means to prevent electromagnetic

emissions.



nodul e enables its own downstream port and allows the Controller Mdule to
5 communi cate through the HUB repeater for enuneration of other nndﬁi%iﬂbﬁﬁ
the stack. The second step of the enuneration process establishes t
configuration 168 of the inputs and ogiputs on each I/O nodul e and the

sel ection of the conversion sequence table 170. It is also controlled by
the master controller. The first request is 10 for current configuration
and sequence table information. If it is correct the master controller

f
passes on to the next 1/0 I LE 01 el il oL Bsteprcontrol | er
provi des the agpropﬁﬁﬁi5WﬁkﬁgﬁhéﬁF%W”%Lf%@pégﬁghﬁ?@$Pg?ﬁ%he vehi cl e
I nstal laty, ! iby/ ineRMuUrRiticRy intiiginghgathedirdj ardt i on
and sets ﬁﬂﬂ“&ﬁ%ﬁ%dagg?ﬁﬁqgﬂgF%?P??%%ﬁ% enents to the cggﬁgct gggte during
second st grtQ9huting SONER & iHRNcorMIAes apparatus.| the Control ler Modul e
commands t he FFigﬁt gtate 172 the 1/0 oBPputs are disabled. In the Flight
State 172 the I/O mcrocontroller perforns the specified signal 20
processing 174 including filtering, debouncing, or other signal
condi tioni ng bfised dhe hwentiguehelaitabMmheiedd s (§?@a@n9r eY0ht. Data
i s packed or unfacked_fron1the VSB format. fqr U comruni cation link 176
transact i 64@& BQ1 GEEIPHIRS BINOLYIG BFOYBIINENG RIS “1/0 Modul e. Driving the
data conversi on sequence fromthe sequencing table automatically
synchroni zes the data availability to the Controller Mdul e expected 25

| sochr onous data tr apsaeti@Ridieereim 1 WISrRAWAd fstackingnsodiéctotont r ol
| aw (servo | oops), data reduction algorithns, prognostic health

nanagenen(zo,aﬁg)%@V\ﬁpﬁ@@@@t@ériﬂ%l@s ¢(3Bversions (tenperature and vibration)
are executed according to the sequencing table. 30 11 FEB 1004 WD 01114979
PCTI USOQ 23187



-19 Each 1/0O Mddul e perfornms extensive nonitoring 180 in the Flight State,
for exanple, as follows: WOT; frane sequencing; data Integrity; 1101\FEpS004
token nonitoring; power nonitoring; down stream USB faults; etc. Any
faults are issued to the Controller_kpdule and stored into NVM fli ght
history. Continuous BIT and IBIT 5 functions are run while in this state.

O her variatiogs and, nodificatigns_of .the pres i) AV, i i be
apparent to those ghes'ﬁiv?p%pﬂ Q?rfia@?{',wﬁﬁaéﬁ%? I{Qe(?c?}gnﬂt“gér}tow ?b? he
appended ¢ ai I riati di fications be covered. The
parti cul a‘%@&ﬁ%&%ﬁghéwﬁqmgﬂ@%g@*a?gg’g%s sed 10 above can be varied and
are cited nerely to illustrate a particul ar enbodi nent of the present
invention and are not intended to limt the scope of the invention. It is

contenpl ated that tipeisgeptionhs daRs enivhiengnsaichmoaiules o0y provdponent s
having different characteristics as long as the principle, the

pr esent atjdentifitatonehfasnation teppacantolieomadotentidf) for dnstedletione f or
renote collection and distribution of analog 1s and digital data with

st ackabl evalidatitirs possistinogrotiat @astis followed. It is intended that the
scope of the present invention be defined by the clains appended hereto. 11
FEB 2004 -20 AMQAueryP&: conputer apparatus conprising a plurality of

st ackabl e nodul es '%1?%1" each nodul e (10) conprising a predeterm ned
function, AL Yt ackabl e nodul es (10) conprise at |east a power

supply nodul e -y roller nodule (26) the conputer apparatus
being char actg%ﬁéggﬁ y:é’rt’he st ackabl e nodul es (10) conprising guide pins

(18) for aligordrfliratiahidatdagi on and snapping clanps (32) for holding
t he

10. The invention of claim 9 wherein the controller module (36)
utilizes vehicle installation discretes to identify location 1/O

reguirements.

11.  The invention of claim 9 wherein the controller module (36)
matches the individual module type identification to vehicle location

requirements and notifies the computational device of its status.

12.  The invention of claim 1 further comprising I/O modules

(44, 46) that are synchronized to a controller module (36) driven frame.

13.  The invention of claim 12 wherein said /O modules (44, 46)
perform their functions in the order pre-specified by the controller

module (36).

14.  The invention of claim 12 wherein said I/O modules (44, 46)
transmit and receive data at the time pre—spe'cified by the controller

module (36).



nodul es (10) in place; and each nodul e (10) conprising a stacking connector
(20) inserted internally into a next nodule further conprising an EM sea
and an 1/O connector (12). 2. The invention of claim1l wherein Said11FEBZW4
stacki ng connector (20) conprises g_ﬁﬁgq_jhrough connector for expansion,

col I apse and replacement of said nodul'es (10) to alter an I/O conpliment
il e R st a
Lg;Shrrai“nLgbglﬂfH@ QF%E?’{]EBERFHFEdi ﬂtaeﬁpp@%???ﬁ@&@t@g%ﬁ% modul és (10) in
madul o (100 rETREEEEERTQ kel PR PRI (Fe ot o from

el ectromagneti c exposure and an EM sealing neans to prevent

el ectromagnetic em ssions. 11 FEB 2001 - 20A -- 5. The invention of claim
1 further conprising software or firmvare to perform said predeterm ned
function including gathering and distributing signals to the conputer
apparatus. 6. The invention of claim1 wherein said stacking connector

(20, 22) conprises a nodul e programm ng bus (38). 7. The invention of claim
1 wherein said stacking connector (20, 22) conprises a serial bus (38). 11
FEB 2004



-21 8. The invention of claim1 wherein said 110 connector (12) conprises
| ocal nodul e power (27, 29, 31). 9. The invention of claim1 wherei %ﬁhgﬂm
nodul es (10) provide identification information to the controller

(36) for installation validation cansjsting of at |east: nodul e type;

manuf acturer; serial nunmber; and |ast configuration setting. 10. The

I nvention of claim9 wherein the controller nodule (36) utilizes vehicle
installation discretes to identify location 1/0 requirenents. 11. The

i nvention of claim9 wherein.th nt r HBleS

: n\d/i vi :jual rdeI%:a t yiE m}’éﬁlﬂq\ofr] 65%‘%6’&9 f%k@i i ’?§5f%§:’§.}%% regﬁisir’télr@nts and
notifies fhe at.i ' ' . . JomV 3on of claim
1% urt e sk eertig i B BpaGER Bl by e e o'
controll eg f idéie invention of claim 12 wherein
said 1/0 ﬂggﬁfﬁiﬂﬁ@ th)%r'l Yggigﬁgn%tcg%??hﬁ}nct lons in the order
pre-specified by the controller nodule (36). 14. The invention of claim12

wherein said 110 nodules (44, 46) transmt and receive data the tine
pre-specified Hy.t hélhemveantias of atadin &6 vasgrein themonityler ppaule

(36) pre-specifies the /O module (44, 46) characteristics before it is

enabled.

18. The invention of claim 16 wherein the pre-specification of

I/O module (44, 46) configuration state comprises a configuration table.

19. The invention of claim 12 wherein the controller module
(36) and 1/O module (44, 48) perform integrity monitoring of the module

stack.

20. The invention of claim 19 wherein each module (10)

monitors the synchronization frame (104) with its own frame counter

(122).

21.  The invention of claim 19 wherein each module utilizes the
USB start-of-frame (104), end-of-frame, start-of-packet, end-of-packet,
loss of activity, and cyclic redundancy checks (124) to verify data

transmission integrity.

22 The invention of claim 19 wherein the dual USB bus (38) is

utilized to provide additional monitoring.



15. The invention of claim12 where in said I/O nodules (44, 46) that are
synchronized to a controller nodule (36) driven frame neans conpri sek! &8 2004
1/ 0 sequence table (170). 11 FEB 2004 -22 16. The invention of claim 12
wherein said I/O nodul es (44, 46) haggathe ability to dynami cally change
their 1/Otype, direction (108), filter (114), and gain (112)
characteristics. 17. The invention of claim 16 wherein the controller

nodul e (36) pre-specifies the 110 nodule (44, 46) characteristics before

it is enabl ed.z(aii. %Eﬁeﬂh%@bghcﬁg?gfdi%@éﬁqg)@ogﬁg_rrgg[hééfmepnnyspeci fication

of 1/0 nodul e con Ion state nprises a configuration

table. 19cgﬁﬁﬁuffijﬁ6§g§€tpg{0)cihaéEbﬁ?pﬁf@?ra%iﬁéréh%,qmtmmﬂesr(mamle (36)

and |/ O nodul'e fformintegrity nonitoring of the nodule stack
20. The i ryenbiigingod phlraility b9 stduatie reedblemadacd (igjulend)t ors t he
synchroni zation frane (10% with its own frame counter 22%. ZiL. The
i nvent i on coimptising 4 predetesmineddunetianl wharein said ﬂ?@ka{@% PerESf - frame
(104), end-of-franme, start-of-packet, end-of,-packet | o f tivity, and
cyclic redifligpeiprise akleqsie powengst Fﬁy ragpgloec &;‘ﬁsﬂ?gﬁ %ﬁnﬁmlggri ty. 22.
The inventio f ai,m 19 erein the s (38) is wutilized to
provi de a(ﬁﬁpap%ngé)r’rﬁrﬁ‘?%?m C?W‘E@ﬁ%@%ﬁé& o _
aligning and stabilizing a module (10) in any location in the stack
of modules
using guide pins(18});
inserting a stacking connector (20) inserted internally into a next
module; and
holding the module (10) in place with snapping clamps (32).



+ 22A 23. A nethod for quick disassenbly and replacenment of conputer

nmodul es (10) in a conputer apparatus, the nmodules (10) conprising a 11 FEB 2004
plurality of stackable nodul es, each nodule (10) conprising a

predet erm ned function, wherein sai d-sizekabl e nodules (10) conprise at

| east a power supply nodule (24) and a controller nodule (36), the nethod
conprising the ep X IO} hEi & ; estep@f i n any

| ocation in theﬁ;t a(S:]I;'J?é m&ﬁoﬁ?gga@%@‘gﬁ?%ﬁ% sr%‘(!qg?,;qbi nsérti ng a

st acki ng (f@ﬁﬁﬁﬁﬁgra he®) miouree vath bRteisahy mootle at arytiocatidulie thand

hol di ng the nodutfe (10) in place with snapping clanmps (32). 11 FEB 20 4 -23

24. The netiok wthotltaem@aifofrdther ncodpleissi ng the step of replacing a new
nodul e with an existing nodule at any location in the stack w thout
renoval of other nodules. 25. The nethod of claim 23 further conprising the

Tnsal ating - matdh al e 8L 2 FHTaR EPaRTTEdITE THRAti ve

o encaps Gnear Sadrcosd e 101 aTRENEY ARG, |13, P
ps ) :

wherein the &R (9h) SHPRIUAdEY HithShAEERIcERY M RIctivednzrenar bpes an EM

seal .
encapsulant (36).

26. The method of claim 25 wherein the step of encapsulating

comprises a faraday cage.

27. The method of claim 23 wherein the step of inserting a

stacking connector (20) comprises an EMI seal.



