AUTOVATI C DETERM NATI ON OF SUCCESS COF USI NG A COVPUTERI ZED DECI SI ON
SUPPORT SYSTEM TECHNI CAL FI ELD [ 0001] The present invention generally
relates to the health npnitoring of conplex systens, and nore
particularly relates to systens and nethods that utilize inferred
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[0005] Further, it will be appreciated by those of ordinary skill in the art that some isolation
procedures and repair procedures may be capable of identifying or correcting multiple FMs

simultaneously, whether the FMs are related or not. Therefore, each repair procedure and
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[ 0006] Accordingly, it is desirable to capture as much rel evant data
concerning the correction of failure nodes in conplex systens that
may be used to inprove the nmaintenance of those systens. In addition,
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The system also includes a reasoner in communication with the first local computing device
and the second local computing device, the reasoner being configured to correlate the
operating status of the complex system, the repair action data and the repair data that is
related to a specific failure mode, and to update a success probability of the repair action

based at least in part on the correlation.

[0008] A system is provided for improving the repair efficacy of a corrective action for

a complex system using inferred feedback. The system comprises a means for receiving
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[0011]FIG 1 is a prior art functional block diagram of a maintenance
comuni cation system [0012]FIG 2 is a functional block diagramof an
i nproved mai nt enance comruni cati on system accordi ng to an enbodi nent;
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code generated by the complex system based at least on the correlation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will hereinafter be describedin conjunction with the

following drawing figures, wherein like numerals denote like elements, and

[0011] FIG. 1 is a prior art functional block diagram of a maintenance communication

system,;

[0012] FIG.2 is a functional block diagram of an improved maintenance communication

system according to an embodiment;

[0013] FIG.3 is a simplified functional block diagram of an exemplary Core Service

Base Architecture according to an embodiment; and

[0014] FIG. 4 is a simplified flow diagram of an exemplary method for refining the

efficacy of one or more corrective actions for a complex system.



vari ous conputing devices 11 associated with conmponents or subsystens
within a conplex system 10, such as and aircraft, including engines,
gear boxes, drive trains, rotor systens, secondary power systens,
environnmental controls and other dynam c conponents as well as
nonitoring other on board conpBTAMEB\RESORIPAGRONavi oni cs. [0018] It

w il be appreci ated by those of ordinary skill in the art that
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routed through one or nmore routers 20. Route 20 may be any
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switch router, as is known in the art. [0021] The coll ected data
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a pl ai nNewdletsey.ephone system (POTS), and the i ke as may satisfy the
requi renents of a particular application. [0022] The CSBA 50 is
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" may apply to any multi-component system and may include manufacturing and chemical

plants, vehicles of all types, computer systems, communication systems, combat systems,

and the like.

[0019] Data from the complex system 10 can be viewed in the field within a test cell.
This data is retained to allow a more detailed analysis by any skilled technician 80 with
access to a personal computing device 90. Non-limiting examples of personal computing
devices may be a laptop computer, a desk top computer, a cell phone or other type of
suitable personal communications device. The personal computing device 90 may be a

wired device or a wireless device.



automatic | earning system 200 ("ALS") that is configured to infer

and/ or deduce information about the efficacy, or ground truth, of one
or nore CA's fromthe actions performed by the technician 80 on his
per sonal conputing device 90. The term "ground truth" neans the
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[0031]FIG 4 is a flow diagram of an exenplary nethod for determ ning
the efficacy of one or nore corrective actions for a casualty in a
conplex system It will be appreciated by those of ordinary skill in
the art that the steps in the processes in the nmethod nay be
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responsforﬁér@t*@mﬁa}%& et e dcedsmic Brtiton " TRREE Bt i
error, Wogdbriied heRHESERFQEhdYn ithengleghed arrow between processes 420
and 410. THus, during this process both repair action information and

repair actions may be generated for analysis. [0034] At process 430,
t he repdi@26hct | 1967 reés aniwnctine! binckediagrem dapittogsthet pratinenp anedules of the
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the scope_of_this. disclosure and will not_ be discussed herein.
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art and nore fully described in "Autom ear ni ng chni ques for
Power Syetilebis'cotmputidéhenkel , whi ch has been incorporated herein by
reference in its entirety. [0036] At process 450, revised success
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hi storically determ ned success probabilities by the new data
concerning the effjicacy of the current repair actions, Anbiquit
[0098] T%e CS XySO also includes a Repair fc?ion Reasoner 250. %e epai¥ Action
Reasoner 250 is a module that receives repair action information from the technician 80
through his personal computer device 90 and other repair data conceming the complex

system 10 and deduces and/or infers the efficacy of one or more repair actions.

[0029] The term *“repair action” as used herein means any repair procedure, repair
instruction, corrective action, technical manual, isolation procedure or the like provided by
the CSBA 50 that provides the technician 80 with specific direction having a predetermined
probability of remedying a particular FM or set of related FM’s in an ambiguity group.
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Goup FML FM2 FM3 FM4 FMb I nitial Probability 10% 20% 20% 30% 20%
Repair Action A

[0030] The term “repair action information” as used herein refers to any information
inputted by the technician 80 into his personal computing device 90, or other computer, that
is in any way related to a particular repair action for the complex system 10. As non-
limiting examples, repair action information includes any and ail keystrokes/mouse clicks
made by the technician on his personal computing device, requests for specific repair
instructions and the order in which they were requested, the operating status of the complex
system (e.g. online or off line), test results and the order in which they were inputted, web
pages viewed, website tracked actions, hyperlinks clicked on, parts and materials that were
ordered and those parts and materials that were not ordered, e-mail sent, and the like. The
term repair action information is not intended to include a formal repair action report
whereby the technician 80 intentionally and clearly communicates feedback concerning the
repair actions completed, the specific cause(s) of the failure mode and/or what specific

repair action resolved a specific FM or a group thereof.

[0031] FIG. 4 is a flow diagram of an exemplary method for determining the efficacy of
one or more corrective actions for a casualty in a complex system. It will be appreciated by
those of ordinary skill in the art that the steps in the processes in the method may be
combined, broken down into sub-processes, re-arranged and other functionally similar

processes substituted without deviating from the scope of the disclosure herein.

[0032] At process 410, one or more repair actions are downloaded from the CSBA 50 to
the personal computing device of the technician 80. The repair action(s) downloaded may
be in response to a specific request by the technician 80, in which case the request may

constitute an example of repair action information.

[0033] At process 420, the CSBA 50 receives and analyzes any repair action
information associated with a repair action(s) that has been entered by the technician 80 into
his personal computing device 90. One of ordinary skill in the art will appreciate that the
receipt of a repair action and the technician’s response thereto may be an iterative process in
terms of trial and error, which is represented by the dashed arrow between processes 420
and 410. Thus, during this process both repair action information and repair actions may be

generated for analysis.

[0034] At process 430, the repair action reasoner 250 correlates at least the repair

action(s), the repair action information associated with the repair action(s) and the
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B C D E Successful Repair Actions NO NO YES NO YES Revi sed
Probability 5% 15% 30% 20% -

operational status of the complex system 10 to determine if the complex system has been

repaired and determine which repair action resolving the casualty.

[0035] At process 440, the Repair Action Reasoner 250 of the ALS 200 infers/deduces
the success of the repair action(s) based at least in part on the correlation for process 430
and data stored-in the- data base 60 and/or data warehouse 70. The details accomplishing
such induction or deduction are beyond the scope of this disclosure and will not be
discussed herein. Details on the exemplary operation of automatic leaming systems and the
exemplary reasoning algorithms involved therein are known in the art and more fully
described in “Automatic Learning Techniques for Power Systems” by Wehenkel, which has

been incorporated herein by reference in its entirety.

[0036] At process 450, revised success probabilities are determined by the ALS 200.
The revised success probabilities replace the previous probabilities stored in the database 60
and/or data warehouse 70. As an example, Table 1 presents five exemplary failure modes
FM1-FM35 included in an ambiguity group for a particular FM that is presenting specific
casualty codes from the complex system 10. Each of FM1-FMS5 may be associated with a
repair action A-E having one of the associated success probabilities listed in Table 1. The
realized success probabilities adjust historically determined success probabilities by the new

data conceming the efficacy of the current repair actions.

Ambiguity FM1 FM2 FM3 FM4 FMS5

Group
Initial 10% 20% 20% 30% 20%
Probability
Repair A B C D E
Action
Successful NO NO YES NO YES
Repair
Actions
Revised 5% 15% 30% 20% 30%
Probability

Table 1



30% Table. 1. [0037]After the .conplex system 10 had been restored to
service, the ALS 200 may inferentially determne fromthe record of
the technician's conputer activity that repair actions C and E

resol ved the conpl ex system casualty. The ALS 200 then recal cul ates
the historical success probabilities to include the |atest repair
results. As such, the probabilities of success of FML and FM2 may be

gl LT g 2y [SEREEL LS 0 OB oy
success jpRRabNY idednineFimMRY 18€ora WUk et W’ BMpaRYod-Avidd iAW pair

that of FMb adjusted upward form 20%to 30% The revised success
pr obabi lactionssC ang Et teerlvisbthgsemplex system easvalbat Ehey ApBAG0dhemedcalcalatasdhe

i d N I t t hat th I des...
e e AR S e R R
beyond oRguaeaPst Fofl dnldi BMding6} B Hdj@sted Qodatkard oM B9V iah@ 0B rSspebrarepy
t he nunbers of conpl ex systens or subsystens thereof occur in

suf fici end |the pm’ogbllimwﬁéugcesbgmb@r@ﬁm@deum@ifgg%% 3 &@‘Ffst Piwilarlynéhe
| atjon. b o, ati
AR R S N L e R A P

exanpl e adjubted ppweabiokmt20% tve30%N Fivk 1gviswd| suc&s€ probikiBfies iy Jheh e used to
al ready presents is given by the relationship: P(FM1) A Fl\/(Z%th5 =

(i 1i 11 Feye peqvrately prgvisie mapignapce guidygrerfer apemples sytiem thaipesscifs the same
syst ens i) ltt{pgod%%pul ation ni is the nunber of Failure Mode 1 that has
occurred n? the nunmber of Failure Mbde 2 that has occurred

[ 0039] Whi | e at | east one exenpl ary enbodi ment has been presented in

t he for @38hg déltimiugha dbesled rptiewpt dfe hithematiantfipeobability stteybet the scope
appreci ated t.hat a vast nungber_ of variagtions exist. It should al so be
Abbr oci at 046 FASpSPhdn SRty GBS HES GP SRLRI o PrRIBORr B Sub-
are onl yyerd RSt 0BAd iﬁrsﬁfﬁ@éntl'yﬂ%ﬁ%é%ﬂe?s td Mchmiit aﬁeclﬁ\gglingf%g statistics,

applicability, or configuration’o I

( he invention in any |
t he for 8gotonelaimmabeeten ddis prayohe vixiprespadows de deviatdan $aini |apdindapdnident

t with a,. i ent d f i npl i | -
enbodi e VRB el o ENEF & T e Rison g i GEPLAR A< R (R DL b
My be RRAE) will ddiar WHAEFMVID) is Akealy RBGAKES kiveh beHRRIkSnggsCr i bed in
an exenpl ary enbodi nent w thout departing fromthe scope of the

invention as set forth_in the appended clains. Wat is clained is:
P(EM(1) ~EM(2)) = mlzl_(_nsxsteml
P(FM(1) P(FM2) n; n

‘Where nggem 18 the number of systems in the population
ni ;s the number of Failure Mode 1 that has occurred
15 ;s the number of Failure Mode 2 that has occurred

[0039] While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It being understood that various changes may be made in the
function and arrangement of elements described in an exemplary embodiment without

departing from the scope of the invention as set forth in the appended claims.
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1. Asystemfor refining a repair probability of a corrective action
for a conplex system conprising: a network; a first |ocal conputing
device configured to report an operating status of the conplex system
and to transmt failure node data presented by the conpl ex system
over the network; a second | ocal conputing device configured to
transniRN%epair,acLion data to and receive repair data over the

net wor k, Wi#ds Flaiga§disact i on data and the repair data being related to
the failure node; and a reasoner in operable conmunication with
first local computing device and the second | ocal conputing device,

t he readoner Asystgndonfefigingedrepair probabilityosfraedoateetitdactiopdorat ¢angplst at us
of the conplex system the repair action data and the repair data,
and SY{iHat ¥ RP& epai r probability of the repair action based at

| east in part; RAydRE correlation. 2. The systemof claim1, wherein
the network is the Internet. 3. The systemof claim1, wherein the
repai r data ednphrlpead somppiinghddyidei copfigmred bt wgormbiogeratiyg sfatus pf the

conpri sin ne Qr _nor. 0SSi. failure nodes. ,4..The system of
i 3 ORER Sy emirad fo BRbE Tt Sons Fub BT ied 0 1 SPrdleRi Sl Brayer the
one or mew@rkail ure nodes. 5. The systemof claim1, wherein the
failure node data conprises casualty codes. 6. The system of claim
1, wherein t Béeeoagdoeal gempeimedieyice conpgured o toansmotrrepair ectisodetagbiasted

T A it MR EN R
dat a f oo the@ahire gleldayaridai | ure node. 10
a reasoner in operable communication with first local computing device and the
second local computing device, the reasoner being configured to:
correlate the operating status of the complex system, the repair action data
and the repair data, and

update the repair probability of the repair action based at least in part on the

correlation,
2. The system of claim 1, wherein the network is the Internet.
3. The system of claim 1, wherein the repair data comprises a probability weighted

ambiguity group comprising one or more possible failure modes.

4. The system of claim 3, wherein the repair data comprises repair instructions for one

or more failure modes.

5. The system of claim 1, wherein the failure mode data comprises casualty codes.

6. The system of claim 1, wherein the repair action data comprises one or more

accomplished maintenance actions.

7. The system of claim 6, wherein the one or more accomplished maintenance actions

is placing a request for repair data for a particular failure mode.
10



8. The system of claim®6, wherein the one or nore acconplished

mai nt enance actions is one of a communication sent fromthe | ocal
conputing device to the renote conputing device and a | og of specific
keystrokes required to formthe comunication. 9. The system of
claim1l1, wherein the network and the reasoner are in comunication

via a renote_¢o tin evice 10, A nmethod for inferentiall .
Vali dat g & TR S BoFsH the O3 Pt MOschH B R SR RGAE AR
syst em ;£oHEY 1 aSdonfinunicationdeN i GAMNcA chRPdiifig BEREEEURErdhdt@computing
conputing device, the repair procedure having a probability of
success dfvice st 2 bg dfisgediekéwstrokesgogiared to fornt theckimmypniepianr acti on
data input to the conputing device, the repair data being associated
with the fault code; correlating the downl oaded repair procedure

and theot r ackeg syR@aiof cRfh i10Wheidintthe btk oald bt thieReasn a0 Aol hi®dtion
success of the repair procedure in clearing the fault code generated

by the ¥drplemtssuapingdseigeat | east on the correl ation.

10. A method for inferentially validating a repair procedure for a fault code generated by
a complex system, comprising:

downloading a repair procedure to a computing device, the repair procedure having a
probability of success for correcting the fault code;

tracking repair action data input to the computing device, the repair data being
associated with the fault code;

correlating the downloaded repair procedure and the tracked repair action data; and

adjusting a probability of success of the repair procedure in clearing the fault code

generated by the complex system based at least on the correlation.
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