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(57) ABSTRACT 
A diagnostic system and method for enabling multistage 
decision optimization in aircraft pre?ight dispatch. The 
diagnostic system includes an interface for receiving one or 
more inputs relating to one or more observed symptoms 
indicative of a failed component in an aircraft. The diag 
nostic system extends an entropy-based value of information 
(VOI) diagnostic model by adding an explicit value function 
into the VOI diagnostic model to accommodate various 
variables associated With the aircraft pre?ight dispatch prob 
lem. The construction of the entropy-based VOI diagnostic 
model and thus the extended VOI diagnostic model are both 
based upon at least one of systemic information relating to 
aircraft components and input-output relationships of the 
aircraft components, experience-based information relating 
to direct relationships betWeen aircraft component failures 
and observed symptoms, and factual information relating to 
aircraft component reliability. The diagnostic system deter 
mines an optimal maintenance action for the aircraft in 
accordance With the extended VOI diagnostic model and the 
observed symptoms. 
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DIAGNOSTIC SYSTEM AND METHOD FOR 
ENABLING MULTISTAGE DECISION 

OPTIMIZATION FOR AIRCRAFT PREFLIGHT 
DISPATCH 

COPYRIGHT NOTICE 

[0001] A portion of the disclosure of this document con 
tains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent disclosure, as it appears in the 
US. Patent and Trademark Office patent ?les or records, but 
otherWise the copyright oWner reserves all copyright rights 
Whatsoever. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to diagnos 
tic systems and methods, and more particularly to diagnostic 
systems and methods for enabling multistage decision opti 
miZation for aircraft pre?ight dispatch. 

BACKGROUND OF THE INVENTION 

[0003] Aircraft maintenance, including reliable trouble 
shooting, is of paramount importance to ensure the contin 
ued safe and ef?cient operation of aircraft. Aircraft mainte 
nance can occur in several different manners. For example, 
scheduled maintenance generally includes a number of 
speci?c tasks, inspections and repairs that are performed at 
predetermined intervals. These events are scheduled in 
advance and rarely result in aircraft schedule interruption. In 
contrast, unscheduled maintenance is performed as required 
to maintain the aircraft’s alloWable minimum airWorthiness 
during intervals betWeen scheduled maintenance. Unsched 
uled maintenance is usually performed While the aircraft is 
on the ground betWeen ?ights. HoWever, unscheduled main 
tenance may be performed during a scheduled maintenance 
check if a mechanic identi?es a problem that Was not 
anticipated. Minimum ground time betWeen ?ights is desir 
able to maximiZe aircraft utiliZation and to meet the estab 
lished ?ight schedules. Therefore, the time allocated to 
unscheduled maintenance is often limited to the relatively 
short time that the aircraft is required to be at the gate in 
order to permit passengers to unload and load, to refuel and 
to otherWise service the aircraft. 

[0004] Although modern datalink communications facili 
tate pre?ight troubleshooting by alloWing pilots or mainte 
nance operators to note a problem (e.g., component failure) 
during the last ?ight leg or While the aircraft is on the 
ground, it is oftentimes dif?cult to troubleshoot the aircraft 
and complete unscheduled maintenance before the departure 
time of the next scheduled ?ight for the aircraft, thereby 
leading to ?ight delays and/or cancellations. These ?ight 
delays and/or cancellations are extremely costly to an air 
line, both in terms of actual dollars and in terms of passenger 
perception. In this regard, an airline typically begins accru 
ing costs related to a ?ight delay folloWing the ?rst ?ve 
minutes of a delay, With substantial costs accruing if the 
?ight must be cancelled. Moreover, and as all air passengers 
are aWare, airline dispatch reliability is a sensitive parameter 
that airlines often use to distinguish themselves from their 
competitors. 
[0005] NotWithstanding the critical importance of prop 
erly performing unscheduled maintenance in both an accu 
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rate and timely manner, mechanics Who perform the trouble 
shooting and unscheduled maintenance on the ?ight line 
face a daunting challenge. Aircraft are extremely large and 
complex systems comprised of many interconnected sub 
systems. Each subsystem is typically comprised of many 
LRUs (line replaceable units) that are designed to be indi 
vidually replaced. An LRU may be mechanical, such as a 
valve or a pump; electrical, such as a sWitch or relay; or 

electronic, such as an autopilot or a ?ight management 
computer. Many LRUs are, in turn, interconnected. As such, 
the symptoms described by ?ight deck effects or other 
observations may indicate that more than one LRU can 
explain the presence of the observed symptoms. At that 
point, there is ambiguity about Which LRU(s) have actually 
failed. Additional information Will be needed to disambigu 
ate betWeen the possibilities. The above notWithstanding, 
ambiguous fault indications discovered during the trouble 
shooting process must nevertheless be resolved before the 
aircraft can be dispatched. Although such is not alWays the 
case, the ambiguous faults are ideally resolved Within the 
cost functions, cost limits, airline schedule time constraints, 
and airWorthiness guidelines (e.g., “minimum equipment 
list” (MEL)), maintenance creW expertise at current location 
and at future destinations, part replacement costs, labor 
availability, repair equipment availability, part availability, 
siZe of next destination airport and its type of runWay 
surface, etc. 

[0006] Aircraft personnel must decide What tests and 
remedial actions to make When operational problems arise 
that threaten to delay an aircraft ?ight. These decisions must 
consider alternatives available and potential outcomes. 
Moreover, some maintenance actions cannot be deferred 
(e.g., actions in the airline’s MEL guidelines), While other 
maintenance actions can be deferred (e.g., repair of compo 
nents not on the MEL list such as coffee maker, ?ight 
attendant call button, etc.). In short, aircraft pre?ight dis 
patch decision-making is a diagnostic process constrained 
by available alternatives and outcome values. 

[0007] In an effort at least in part to assist aircraft person 
nel With troubleshooting and unscheduled maintenance, 
improved diagnostic systems and methods have been pro 
vided as is thoroughly described in the copending applica 
tion titled “DIAGNOSTIC SYSTEM AND METHOD” of 
KipersZtok, et al., US. patent application Ser. No. 09/776, 
824, ?led Feb. 5 , 2001, Which is commonly assigned and 
has common inventorship With the present application, and 
the contents of Which is incorporated herein by reference in 
its entirety. The diagnostic systems and methods of US. 
patent application Ser. No. 09/776,824 alloW for reliable, 
time-ef?cient identi?cation of failed components and pro 
vide information to enable aircraft personnel to make 
informed and efficient decisions regarding repair of suspect 
components or deferral of maintenance actions. 

[0008] Although the diagnostic systems and methods of 
US. patent application Ser. No. 09/776,824 have been 
successful for their intended purposes, it Would also be 
highly desirable to provide a diagnostic system and method 
that determines the optimal maintenance action to take 
instead of aircraft personnel Whose decisions might result in 
cost functions, cost limits and time deadlines being 
exceeded during the aircraft pre?ight dispatch diagnostic 
process. 
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SUMMARY OF THE INVENTION 

[0009] Accordingly, a need exists for a diagnostic system 
and method that enables multistage decision optimization in 
aircraft pre?ight dispatch and thus allows for a determina 
tion of the optimal maintenance action in accordance With 
the various variables associated With aircraft pre?ight dis 
patch, such as time deadlines, cost functions, cost limits, 
airWorthiness guidelines, maintenance creW expertise at the 
aircraft’s current and future destinations, part replacement 
costs, labor availability, repair equipment availability, part 
availability, siZe of next destination airport and its type of 
runWay surface, etc. Ideally, the system Would reduce the 
number of aircraft delays and cancellations and the number 
of unnecessary part repairs, removals, replacements, and 
testing, Which in turn Would thus signi?cantly reduce airline 
maintenance costs. 

[0010] In one preferred form, the present invention pro 
vides a diagnostic system that enables multistage decision 
optimiZation in aircraft pre?ight dispatch. The diagnostic 
system includes an interface for receiving at least one input 
relating to one or more observed symptoms indicative of a 
failed component in an aircraft. The diagnostic system 
extends an entropy-based value of information (VOI) diag 
nostic model by adding an explicit value function into the 
entropy-based VOI diagnostic model to accommodate vari 
ous variables associated With the aircraft pre?ight dispatch 
problem. The variables may include, but are not limited to, 
decision parameters, utility functions, constraints, cost func 
tions, cost limits, time deadlines, MEL guidelines, values, 
maintenance creW expertise at current location and future 
destinations, part replacement costs, labor availability, repair 
equipment availability, part availability, among other vari 
ables. The entropy-based VOI diagnostic model is con 
structed based upon at least one of systemic information 
relating to aircraft components and input-output relation 
ships of the aircraft components, experience-based informa 
tion relating to direct relationships betWeen aircraft compo 
nent failures and observed symptoms, and factual 
information relating to aircraft component reliability. 
Accordingly, the diagnostic system implements full VOI 
methodology using an in?uence diagram and thus alloWs for 
the performance an optimiZed multi-stage decision process 
for aircraft pre?ight dispatch. During operation, the diag 
nostic system determines an optimal maintenance action for 
the aircraft in accordance With the extended VOI diagnostic 
model and the observed symptoms. 

[0011] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
at least one preferred embodiment of the invention, are 
intended for purposes of illustration only and are not 
intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will be more fully under 
stood from the detailed description and the accompanying 
draWings, Wherein: 

[0013] FIG. 1 is a block diagram of a diagnostic system 
according to one preferred embodiment of the present inven 
tion; 
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[0014] FIG. 2 is an in?uence diagram of an exemplary 
value of information (VOI) diagnostic problem; 

[0015] FIG. 3 is a VOI graph plotting repair alternatives 
as a function of component fault probability in the case of a 
single repair decision; 

[0016] FIG. 4 illustrates alternative maintenance actions 
at each pre?ight dispatch decision point; and 

[0017] FIGS. 5A and 5B form a ?oWchart illustrating the 
operations of a method performed by the diagnostic system 
shoWn in FIG. 1. 

[0018] Corresponding reference characters indicate corre 
sponding features throughout the draWings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] Referring to FIG. 1, there is shoWn a diagnostic 
system, generally indicated by reference number 10, accord 
ing to one preferred embodiment of the present invention. 
Generally, the diagnostic system 10 enables multistage deci 
sion optimiZation for aircraft pre?ight dispatch by extending 
an entropy-based value of information (VOI) diagnostic 
model to meet the needs of the aircraft pre?ight dispatch 
problem. The extension adds an explicit value function into 
the entropy-based VOI diagnostic model to accommodate 
certain variables associated With aircraft pre?ight dispatch, 
such as time deadlines, cost functions, cost limits, airWor 
thiness guidelines, maintenance creW expertise at current 
location and at future destinations, part replacement costs, 
labor availability, repair equipment availability, part avail 
ability, siZe of next destination airport and its type of runWay 
surface, etc. Accordingly, the diagnostic system 10 imple 
ments full VOI methodology using an in?uence diagram 
(i.e., the extended VOI diagnostic model) and thus alloWs 
for the performance an optimiZed multi-stage decision pro 
cess for aircraft pre?ight dispatch. 

[0020] During operation, the diagnostic system 10 deter 
mines the optimal maintenance action in accordance With 
the extended VOI diagnostic model (i.e., the and the 
observed symptoms indicative of a failed component. Hav 
ing the diagnostic system 10 determine the optimal main 
tenance action instead of aircraft personnel (e.g., mechanic, 
etc.) eliminates, or at least substantially reduces, the risk of 
exceeding cost functions, cost limits, time deadlines, MEL 
guidelines, among other variables associated With the pre 
?ight dispatch problem. 

[0021] As shoWn in FIG. 1, the diagnostic system 10 
includes an interface 12 for receiving input from a user, such 
as a mechanic, ?ight, cabin or maintenance creW, etc. The 
diagnostic system 10 can include any interface knoWn to 
those skilled in the art including a keyboard, a mouse, a track 
ball, a touch screen or the like. 

[0022] In addition to receiving input via the interface 12, 
the diagnostic system 10 also alloWs for receipt of input 
directly from existing central maintenance computers 
(CMC) 14 on board aircraft 16, for example, via existing 
ATC data link capabilities and applications, among other 
methods (e.g., ?ight data recorders, etc.). As shoWn, the 
diagnostic system 10 may receive information from the 
aircraft 16 through a bi-directional data link 18. 
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[0023] In addition to receiving information via the link 18, 
the diagnostic system 10 can also uplink or send output 
directly to the CMC 14 of the aircraft 16. Accordingly, the 
diagnostic system 10 can provide maintenance decisions 
directly to the aircraft 16. This in turn can eliminate, or at 
least substantially reduce, the need for such decisions to be 
made by personnel on board the aircraft 16 When time is 
critical and the volume of information on Which such 
decisions must be made and the speed at Which the infor 
mation is being received can both be overWhelming. In 
short, the diagnostic system 10 can provide accurate advice 
to the pilot as to the most appropriate and cost-effect action 
to be taken as opposed to ground personnel making these 
decisions. 

[0024] By Way of example only, the bi-directional data 
link 18 through Which the aircraft 16 and diagnostic system 
10 communicate may be compatible With the current indus 
try standard ACARS (Aircraft Condition and Reporting 
System). HoWever, it should be noted that the present 
invention is not limited to any particular data linking system. 
Alternatively, the diagnostic system may comprise an 
autonomous system that is embedded on board the aircraft. 

[0025] The diagnostic system 10 also includes an output 
component 20 (e.g., graphical display, etc.) suitable for 
displaying or outputting information to aircraft personnel. 
Preferably, the output component 20 comprises a full siZed 
display that offers high resolution, although the display can 
have other siZes and loWer resolutions in order to reduce the 
cost of the diagnostic system 10 and/or to increase the 
portability of the diagnostic system 10, especially in those 
applications in Which the diagnostic system 10 is imple 
mented in a handheld computing device. 

[0026] The diagnostic system 10 further includes a suit 
able processing element 22 for performing the various 
operations required by the diagnostic technique of the 
present invention. The processing element 22 is typically 
comprised of a combination of hardWare (e.g., one or more 
microprocessors, other processing devices) and softWare 
that is stored by memory and executed by the hardWare. In 
the illustrated embodiment, the processor 22 executes a VOI 
diagnostic model extension program or softWare module 24 
during operation of the diagnostic system 10. HoWever, it 
should be understood that the processing element 22 can be 
comprised of other combinations of hardWare, softWare, 
?rmWare or the like so long as the resulting combination is 
capable of extending an existing entropy-based VOI diag 
nostic model and applying the resulting extended or full VOI 
diagnostic model to resolve the aircraft pre?ight dispatch 
problem While accommodating the various pre?ight dis 
patch variables, such as decision parameters, utility func 
tions, cost functions, cost limits, time deadlines (e.g., aircraft 
departure time, part repair deadline setting maximum time 
alloWed for part repair deferral), MEL guidelines, mainte 
nance creW expertise at current location and at future des 
tinations, part replacement costs, labor availability, repair 
equipment availability, part availability, siZe of next desti 
nation airport and its type of runWay surface, etc. 

[0027] The diagnostic system 10 also includes memory 
Which may take the form of any suitable computer readable 
storage device. For example, the memory may comprise 
read only memory (ROM), random access memory (RAM), 
video memory (VRAM), hard disk, ?oppy diskette, compact 
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disc (CD), an optical disk, magnetic tape, a combination 
thereof, etc. The memory may comprise computer readable 
media for storing such items as program code, softWare 
packages, programs, algorithms, information, data, ?les, 
databases (e.g., 26 through 34, described beloW), applica 
tions, among other things. 

[0028] In the embodiment shoWn in FIG. 1, the diagnostic 
system includes the VOI diagnostic model extension pro 
gram or softWare module 24 that is executable by the 
processing element 22. The VOI diagnostic model extension 
program 24 may be embodied in computer-readable pro 
gram code stored in one or more computer-readable storage 
media operatively associated With the diagnostic system 10. 
Regardless of Where it resides, hoWever, the VOI diagnostic 
model extension module 24 comprises program code for 
extending an entropy-based VOI diagnostic model and 
determining the optimal maintenance action in accordance 
With the extended VOI diagnostic model. 

[0029] It is to be understood that the computer readable 
program code described herein can be conventionally pro 
grammed using any of a Wide range of suitable computer 
readable programming languages that are noW knoWn in the 
art or that may be developed in the future. It is also to be 
understood that the computer readable program code 
described herein can include one or more functions, rou 

tines, subfunctions, and subroutines, and need not be com 
bined in a single package but may instead be embodied in 
separate components. In addition, the computer readable 
program code may be a stand-alone application, or may be 
a plug-in module for an existing application and/or operating 
system. Alternatively, the computer readable program code 
may be integrated into an application or operating system. In 
yet another embodiment, the computer readable program 
code may reside at one or more netWork devices (not 
shoWn), such as an administrator terminal, a server, etc. 

[0030] Although the present invention is described With 
the VOI diagnostic model extension program 24 having a 
direct effect on and direct control of the diagnostic system 
10, it should be understood that it is the instructions gener 
ated by the execution of the program 24 by the processing 
element 22, and the subsequent implementation of such 
instructions by the processing element 22, that have direct 
effect on and direct control of the diagnostic system 10. 

[0031] It should also be noted that the diagnostic system 
10 may be supported and implemented in a portable com 
puting device as a stand alone application Without having to 
be netWorked. In such embodiments, the portable computing 
device is preferably a personal computer (PC), such as a 
laptop PC or some other specialiZed type of PC. While not 
portable, a desktop PC could also serve as a stand alone 
computing device. Alternatively, the portable computing 
device may be designed to support the diagnostic system 10 
in a netWorked environment in Which at least a portion of the 
diagnostic system 10 is supported by a server or other 
netWork device. In this instance, the remote computing 
device can be a miniature computer such as a pocket PC, a 
personal data assistant (PDA) such as a Palm device, or 
some other type of hand held computer. With the rapid 
advances in computing technology, hoWever, these minia 
ture computers may soon be capable of supporting the 
diagnostic system 10 in a stand alone manner and additional 
computing devices may be developed that are also capable 
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of supporting the diagnostic system 10. Thus, the diagnostic 
system 10 of the present invention is not limited by the type 
of computing device Which serves as the host. 

[0032] The diagnostic system 10 is designed to receive 
input relating to various observed symptoms that indicate a 
problem onboard the aircraft 16 that is generally caused by 
a failed component, such as a failed line replaceable unit 
(LRU) or a loWer level component Within an LRU. The 
relationship betWeen the observed symptoms and the failed 
component is often far from clear. 

[0033] The input relating to the observed symptoms is 
generally received via the interface 12 and/or link 18. 
Typically, the observed symptoms are provided by the ?ight 
and cabin creW and are recorded in pilot log books, creW 
reports or the like. These observed symptoms can come in 
many forms including ?ight deck effects and other obser 
vations. Flight deck effects include indications provided by 
various gauges, indicator lights and the like. The observa 
tions can include various types of environmental or other 
information including suspect sounds, vibrations, smells or 
visual cues observed by the ?ight, cabin or maintenance 
creW. Further, the observed symptoms can include the results 
of tests and/or information provided by the CMC 14 (e.g., 
messaging information from the aircraft’s central mainte 
nance computer function (CMCF), sensor and real-time 
information from aircraft condition monitoring function 
(ACMF)), sensors or other equipment on board the aircraft 
16 via a bidirectional data link 18. 

[0034] In the preferred embodiment, the diagnostic system 
10 correlates the observed symptoms With one or more 
suspect components according to a diagnostic model, Which 
is ultimately embedded into an extended decision-theoretic 
frameWork With variables (e.g., but not limited to, decision 
parameters, utility functions, condition-action constraints, 
deterministic constraints, cost functions, cost limits, time 
deadlines, MEL guidelines, values, maintenance creW exper 
tise at current location and at future destinations, part 
replacement costs, labor availability, repair equipment avail 
ability, part availability, etc.) in the manner more fully 
described beloW. The diagnostic model is preferably con 
structed based upon systemic information, experience-based 
information as Well as factual information. The systemic 
information is typically related to the system components 
and the input-output relations of the system components. 
The systemic information may be obtained in various man 
ners, but is typically gathered through intervieWs With 
system engineers or the like for the aircraft manufacturer 
Who have signi?cant experience in the design and develop 
ment of the aircraft and its attendant systems and the 
relationship of the various subsystems. The experience 
based information de?nes the direct relationships betWeen 
component failures and the observed symptoms. While the 
experience-based information can also come from various 
sources, it is typically provided by experienced mechanics 
or engineers Who have extensive experience troubleshooting 
a particular model of aircraft and have a Wealth of knoWl 
edge relating to the typical types of failures and the symp 
toms exhibited by an speci?c model aircraft, including those 
particularly troubling faults that are multiple, intermittent, 
repeating or cross-system in nature. As such, the experience 
based information includes knoWledge that has been gained 
by an individual after months or years of experience With a 
given type of aircraft. 
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[0035] Finally, the factual information mentioned above 
relates to component reliability. Typically, the factual infor 
mation is statistical data of component reliability as Well as 
related textual data from historical maintenance records. As 
such, the factual information provides the statistical data 
necessary to determine the probability of each failure state 
of each component of an aircraft. 

[0036] Based upon these various types of information, a 
number of different diagnostic models or netWorks can be 
constructed by the diagnostic system 10 to correlate the 
observed symptoms With one or more suspect components. 
For example, the diagnostic system 10 may construct a 
diagnostic model utiliZing model-based or case-based rea 
soning, Bayesian netWorks, neural netWorks, fuZZy logic, 
expert systems or the like. Because Bayesian netWorks can 
accept reliability data as Well as information from other 
sources, such as systemic information and experience-based 
information, and can compute posterior probabilities for 
prioritiZing suspect components, the extended VOI diagnos 
tic model is preferably constructed based upon a Bayesian 
netWork that is capable of being updated. See, for example, 
S.L. LauritZen et al., Local Computations With Probabilities 
on Graphical Structures and Their Applications to Expert 
Systems, Journal of the Royal Statistical Society B, Vol. 50, 
pp. 157-224 (1988), incorporated herein by reference, for a 
more detailed discussion of the Bayesian probability update 
algorithm. 

[0037] While any of a Wide range of knoWn model build 
ing approaches may be used to build the initial Bayesian 
netWork upon Which both the construction of the entropy 
based VOI diagnostic model and thus also the extended VOI 
diagnostic model are based, several model building 
approaches for Bayesian netWorks are described by M. 
Henrion, Practical Issues in Constructing a Bayes’ Belief 
Network, Uncertainty in Arti?cial Intelligence, Vol. 3, pp. 
132-139 (1988), incorporated herein by reference, and H. 
Wang et al., User Interface Tools for Navigation in Condi 
tional Probability Tables and Graphical Elicitation of Prob 
abilities in Bayesian NetWorks, Proceedings of the Sixteenth 
Annual Conference on Uncertainty and Arti?cial Intelli 
gence (2000), also incorporated herein by reference. A 
number of softWare packages are also commercially avail 
able for building models of a Bayesian netWork. These 
commercially available softWare packages include 
Dxpress® expert system creation computer softWare from 
Knowledge Industries® Inc., Netica® artici?cial intelli 
gence computer softWare from Norsys SoftWare Corporation 
of Vancouver, British Columbia, and Hugin from Hugin 
Expert A/S of Denmark. As provided by these commercially 
available softWare packages, the VOI diagnostic model 
extension program 24 preferably includes a softWare pack 
age for building the initial Bayesian netWork upon Which the 
construction of the extended VOI diagnostic model is based. 

[0038] Regardless of the model building tool or approach 
that is used, the general approach to constructing a Bayesian 
netWork is to map the causes of failure to the observed 
symptoms, as opposed to the normal behavior of the system. 
The construction of a Bayesian netWork and the enhance 
ment thereof into an entropy-based VOI diagnostic model 
for aircraft troubleshooting and diagnosis is thoroughly 
described in the copending application titled “DIAGNOS 
TIC SYSTEM AND METHOD” of KipersZtok, et al., US. 
patent application Ser. No. 09/776,824, ?led Feb. 5 , 2001, 
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Which is commonly assigned With and has common inven 
torship With the present application, and the contents of 
Which is incorporated herein by reference in its entirety. 

[0039] A brief description of an exemplary process that 
may be used for constructing a Bayesian netWork for aircraft 
diagnosis Will be given in order to provide a foundation for 
even better understanding the use and operation of the 
present invention. The construction of a Bayesian netWork 
requires the creation of nodes With collectively exhaustive, 
mutually exclusive discrete states, and in?uence arcs con 
necting the nodes in instances in Which a relationship exists 
betWeen the nodes, such as in instances in Which the, state 
of a ?rst node, i.e., the parent node, effects the state of a 
second node, i.e., the child node. In a Bayesian netWork, a 
probability is associated With each state of a child node, that 
is, a node that is dependent upon another node. In this 
regard, the probability of each state of a child node is 
conditioned upon the respective probability associated With 
each state of each parent node that relates to the child node. 

[0040] The nodes of a Bayesian netWork include both 
probablistic and deterministic nodes representative of the 
components, observed symptoms and tests. Typically, the 
nodes representative of the components and the nodes 
representative of the observed symptoms are interconnected 
through one or more intermediate nodes via in?uence arcs. 
Component nodes have no predecessors or parents in?uenc 
ing them. Test and observation nodes have no successors or 
children to in?uence. A Bayesian netWork also includes a 
number of intermediate nodes interconnecting the nodes for 
the components and the nodes for the observed symptoms. 
The intermediate nodes represent the failure state of a 
sWitch, valve, duct or the like. Based upon the failure state 
of a component, the intermediate nodes may interconnect 
the node(s) representing one or more components With the 
node(s) representing one or more of the observed symptoms 
in an acyclic manner. 

[0041] Each node of a Bayesian netWork has a list of 
collectively exhaustive, mutually exclusive states. If the 
states are normally continuous, they must be discretiZed 
before being implemented in the netWork. For example, 
every component node has at least tWo states, (i.e., normal 
and failed). The other nodes, hoWever, can include states that 
are de?ned by some experience-based information. Aprob 
ability is assigned to each state of each node. The probability 
is typically based upon the factual information, but may also 
be partially based upon systemic and/or experience-based 
information. For a node representing a component, the 
probability that is assigned to the failed state is obtained 
from the reliability and maintainability data and/or exper 
ential data. For example, a certain LRU may have a failure 
probability of 0.00003, Which is derived using appropriate 
probability models from observed meantime betWeen fail 
ures. The other nodes, such as the intermediate nodes, 
contain conditional probability tables mostly derived from 
experience-based information, With distributions speci?ed 
over the states of the child nodes conditioned over the states 
of the parent nodes. 

[0042] Based upon one or more observed symptoms, the 
diagnostic system 10 implementing a Bayesian netWork can 
identify one or more suspect components, such as LRUs or 
loWer level components Within an LRU, that may have failed 
and caused the observed symptom(s). In addition, the diag 
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nostic system 10 implementing a Bayesian netWork can 
identify the probability that each suspect component failed 
and caused the observed symptoms based upon the prob 
ability of failure of the node representing the suspect com 
ponent and the probabilities associated With the respective 
states of the intermediate nodes that lead to the node 
representing the observed symptom. Accordingly, the diag 
nostic system 10 can create a prioritiZed listing of the 
suspect components based upon the respective probabilities 
of failure of the suspect components. 

[0043] The diagnostic system 10 implementing a Bayesian 
netWork can further identify one or more tests that may be 
conducted in order to re?ne the identi?cation of the suspect 
components and the relative probability that each suspect 
component caused the problem With the aircraft. In this 
regard, the Bayesian netWork includes nodes representative 
of tests to be conducted to determine the state of one or more 
other nodes such that the links betWeen the nodes for the 
suspect components and the nodes for the observed symp 
toms can be re?ned based on the outcome of the test(s). 
Accordingly, the Bayesian netWork implemented by the 
diagnostic system 10 can identify those tests related to any 
of the nodes in the path from the suspect components to the 
observed symptoms or tests that could be conducted to re?ne 
the identi?cation and prioritiZation of the suspect compo 
nents. Assuming that one or more of the tests are preformed 
and the results or outcome of the tests are entered into the 
diagnostic system 10, the diagnostic system 10 again deter 
mines the suspect components capable of causing the 
observed symptoms upon failure and their relative probabil 
ity of failure based upon the outcome of the test(s) and then 
creates a reprioritiZed listing of the suspect components. 

[0044] To sum up, a Bayesian netWork can be used by the 
diagnostic system 10 to correlate the observed symptoms 
With one or more suspect components, to identify and create 
a prioritiZed listing of the suspect components based upon 
the respective probabilities of failure of the suspect compo 
nents, and to identify and create a prioritiZed listing of the 
tests that could be conducted to re?ne the identi?cation and 
prioritiZation of the suspect components. Although the pri 
oritiZed listings readily alloW capable aircraft personnel to 
determine appropriate maintenance actions for the aircraft, 
there is nevertheless the risk that the performance of the 
maintenance actions as determined by the aircraft personnel 
Will exceed one or more of the pre?ight dispatch variables 
such as cost functions, cost limits and time deadlines. To 
eliminate, or at least substantially reduce, this risk, the 
diagnostic system 10 determines the optimal maintenance 
action instead of the aircraft personnel. To do so, the 
diagnostic system 10 extends an existing entropy-based VOI 
diagnostic model in a Way that accounts speci?cally for the 
variables associated With aircraft pre?ight dispatch problem. 
Accordingly, the diagnostic system 10 implements full VOI 
methodology using an in?uence diagram (i.e., the extended 
VOI diagnostic model, see FIG. 2) and thus alloWs for the 
performance an optimiZed multi-stage decision process for 
aircraft pre?ight dispatch. 

[0045] The extension added to the Bayesian netWork dis 
tinguishes betWeen faults that can be deferred and faults that 
cannot be (e.g., faults listed in the MEL). The value function 
addresses the variety of responses and decision parameters 
(e.g., inspect, repair, replace, defer, delay, cancel, cancel and 
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replace aircraft) made at the airport gate and the various 
direct and indirect costs that characteriZe them. 

[0046] The values added to the Bayesian network are 
functions of the response action outcomes. The values are 
determined by the cost for the combination of each outcome 
and response action. The diagnostic system 10 ultimately 
makes dispatch decisions by maximizing the expected val 
ues of response action outcomes. 

[0047] Referring noW to FIG. 4, the process implemented 
by the diagnostic system 10 includes an “inner cycle” for 
testing (represented by arroWs 60 and 62) and an “outer 
cycle” for troubleshooting (represented by arroWs 60 and 
64). Breaking the sequence into an inner test cycle and an 
outer remediation cycle alloWs for formulation and resolu 
tion of the aircraft dispatch decision problem With the 
advantages of value of information (VOI) driven test 
sequences. 

[0048] A typical VOI computation implies a simple stop 
ping rule for the inner test cycle: run tests as long as there 
remains a test With a positive net VOI. If no tests have a 
positive net VOI, the inspection and test alternatives have 
been exhausted for the inner test cycle and the outer reme 
dial decision is addressed. HoWever, because the aircraft 
pre?ight dispatch problem involves cost constraints and time 
deadlines, the stopping rule becomes more complicated in 
that conventional myopic methods risk exceeding such cost 
constraints and time deadlines. Accordingly, the expected 
cost to complete troubleshooting is predicted so that a 
comparison can be made With the cost of delay or cancel 
lation. Thus, the diagnostic process involves running the 
inner test cycle myopically With regard to the ordering of 
tests but preempting the inner test cycle and addressing the 
repair decision 68 if the estimate of the sum of costs and time 
delays for the inner cycle exceed those prescribed for the 
dispatch of the particular aircraft 16. 

[0049] In practice, a component replacement decision may 
have a value as a test, implying that the replacement must be 
analyZed as a sequence of both inspection and replacement 
actions. Accordingly, the diagnostic system 10 recalculates 
VOI at each initiation of a neW test phase. 

[0050] Although formulating basic VOI diagnostic models 
is knoWn in the art, a brief description of the process Will be 
given in order to provide a more understandable basis for 
understanding the extended VOI diagnostic model of the 
present invention. VOI is de?ned as the difference betWeen 
the expected value v* of a decision With a test’s information 
(EVWI) and the expected value vnotest With no information. 
This can be done by solving the VOI model tWice, once 
assuming the test information Will be knoWn When the repair 
decision is made and once assuming it Won’t (equivalent in 
the in?uence diagram 36 shoWn in FIG. 2 to removing the 
arc 48 interconnecting the observation variable 42 to the 
repair variable 40). 

[0051] With further reference to FIG. 2, a VOI diagnostic 
problem, When shoWn as an in?uence diagram 36, mini 
mally includes a sequence of a test and repair decisions 38 
and 40, together With an observation variable 42, a fault 
variable 44, and an outcome variable 46. The decision 
variables are shoWn by rectangles, and uncertain or stochas 
tic variables are shoWn by ovals. Accordingly, the entire 
previously described Bayesian netWork is represented and 
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summariZed by tWo nodes, i.e., the node 42 representing the 
set of observations variables and the node 44 representing 
the set of all fault variables. In addition, the repair decision 
40 affects the outcomes and hence the cost. The cost is also 
a function of the fault state 44. The test decision 38 affects 
the information available at the time the repair decision 40 
is made. 

[0052] The solution to the expected value of the decision 
problem represented by the in?uence diagram 36 is the 
folloWing Equation (1): 

V*=maX‘EF[maXd(Q)EQ|F[‘/(t>d(Q)>F)]] (1) 
[0053] In Equation (1): 

[0054] the random variable F represents the presence 
or absence of the component fault; 

[0055] the random variable Q represents the obser 
vation state; 

[0056] the function d(Q) represents the repair deci 
sion policy; 

[0057] E represents the Expected Value; 

[0058] d represents the repair decision; 

[0059] 
[0060] v(t,d,F) is the value function over outcomes. 

t represents the test decision; and 

[0061] Note that if each variable argument, i.e., t, d and F, 
has tWo values, then eight values are needed for v’s table. 

[0062] The derivation of the method for solving Equation 
(1) and reduction of an in?uence diagram is described by R. 
Shacht, Evaluating In?uence Diagrams, Operations 
Research, Vol. 33, No. 6, pp. 871-882 (1986). The step by 
step solution of Equation (1) and reduction of the in?uence 
diagram 36 Will also be brie?y described herein. 

[0063] The ?rst step in solving Equation (1) is computing 
the posterior probability p{F|Q} of the faulty component 
given the possible observations With Bayes’ rule transform 
ing Equation (1) to: 

v*=max‘Eq[maxdEqq[v(t,d,f)]] (2) 
[0064] Once Bayes’ rule has been applied, the variables in 
the in?uence diagram 36 can be removed into the value node 
in the folloWing order: 

[0065] Fault, Repair, Observation, then Test. Removing 
Fault, Repair, and Observation from the in?uence diagram 
36 yields the folloWing Equation (3): 

v*=max‘v*(t) (3) 
[0066] In Equation (3), 6* is the average v*. Equation (3) 
yields the value as a function of the test variable, or the value 
With information. 

[0067] For VOI, hoWever, We need the difference betWeen 
this and the value vnotest Without information: 

VOI=max1v*(t)—v*(t=“notest”) (4) 
[0068] The value under t=“no test” can be calculated more 
simply Without involving the observation node: 

VHQ‘ESFEIm?Xd‘/(t=“notest”,d,f)l (5) 
Thus, VOI=max‘v*(t)—vnmeS‘ (6) 

[0069] Equation 6 makes it clear that if the best choice of 
t=“notest”, then VOI=0. 
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[0070] Referring noW to FIG. 3, there is shown a graph 
illustrating the properties of VOI. The graph plots the 
expected cost of repair alternatives as a function of the 
probability of the fault to repair in the case of a single repair 
decision. Each repair action (“repair action” and “no repair 
action”) is plotted as a line 50 and 52 connecting the cost 
incurred in the case that the LRU fails or if it does not. The 
convex hull formed by the tWo lines is spanned by the EVWI 
(expected value With information) line 54 that corresponds 
to a test. In addition, at is the value of information When the 
LRU has failed. The “COST” axis is someWhat counterin 
tuitive in that costs increase preceding along the negative 
Y-axis (e.g., “C” is a greater cost than “D”). 

[0071] There are four outcomes to consider, Which are the 
combinations of “repair” or “no-repair” in combination With 
“LRU fails” and “LRU doesn’t fail.” Costs are normaliZed 
so cost is Zero When the LRU does not fail and no repair is 
taken. The components comprising the other costs and 
Which are shoWn in FIG. 3 are as folloWs: 

[0072] C represents the cost of failure. If the com 
ponent is critical, maintenance cannot be deferred 
per the MEL and cost could be catastrophic. If 
component failure Would not necessarily lead to 
system failure, then C is the expected loss When 
operating With the failed component. In this model, 
C is the largest cost that could be incurred. 

[0073] D represents the complete cost of making the 
repair, including the cost of the part and replacement, 
assuming the repair successfully remedies the failed 
LRU and there are no further costs as a consequence 
of the LRU failure. 

[0074] E represents the complete cost of making an 
unnecessary repair, When the part has not failed. It 
exceeds D by additional expected loss due to tech 
nician-induced failure and costs due to “no fault 
found.” Costs D and E may be equal. HoWever, in E 
the failure has not occurred, so any indirect cost of 
returning the part When no fault has been found must 
be added. 

[0075] It should be noted that FIG. 3 does not shoW the 
cost of the test information. Test costs Would appear as an 
amount subtracted from the VOI, independent of outcome 
state. 

[0076] The expected cost of a repair action is a linear 
function of the fault probability as can be seen by Writing out 
the term E[v(d,f] for each repair decision, as a function of 
the component fault probability, at. 

V(n,d=norepair)=Cn+O(1-n) (8) 

[0077] Equations (7) and (8) above correspond to the line 
52 from D-E and line 50 from C-O, respectively. The 
alternative chosen as a function J'IZWlll correspond to the 
function that has a higher value. The tWo alternative func 
tions cross at the repair threshold 56 in FIG. 3 and the 
folloWing Equation (9): 

r=E/(C—D+E) (9) 
[0078] When the inferred probability of LRU failure is 
greater than the repair threshold 56 (i.e., to the left of the 
repair threshold 56), the optimal choice is to repair. Con 
versely, When the inferred probability of LRU failure is less 
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than the repair threshold 56 (i.e., to the right of the repair 
threshold 56 in FIG. 3), the optimal choice is to forgo repair. 

[0079] To consider the effect of information, imagine an 
additional linear function d-b called the “expected value 
With information” (EVWI) (shoWn as dashed line 54 in FIG. 
3) connecting the points Where the tWo possible states of 
evidence intersect the lines 50 and 52. The tWo possible 
evidence points indicate the best action based on the evi 
dence received. The value of the information as a function 
of the prior at (the term under the maxt operator in equations 
(1) and lies along the EVWI line 54. We are interested 
in the value at the point at, representing the uncertainty When 
VOI is calculated. VOI is the difference (referenced by 58 in 
FIG. 3) betWeen the EVWI function and the uppermost 
repair action at the point at. 

[0080] The VOI is the net cost of generating the informa 
tion (e.g., the materials and time costs of running the test). 
The “cost of information” (COI) is cost incurred When the 
test is chosen, and is independent of the outcome variable 
46. Irrespective of the state of the part, the cost COI is the 
same, i.e., COI is not a random variable. Subtracting COI 
from VOI as shoWn in Equation (6), the VOI net of the test 
cost becomes: 

[0081] The extension and application of a conventional 
VOI diagnostic model to the aircraft pre?ight dispatch 
problem Will noW be described in detail. To extend and apply 
a VOI diagnostic model to the aircraft pre?ight dispatch 
problem, a determination must ?rst be made as to the 
relevant actions and costs and hoW they correspond to the 
VOI model. 

[0082] As shoWn in FIG. 4, the extended VOI diagnostic 
model includes tWo decisions, i.e., the test decision 66 and 
the repair decision 68. As shoWn, the extended VOI diag 
nostic model is applied successively and the tWo decisions 
become a series of interleaved test and remediation deci 
sions. As in the conventional VOI model, the test decision 66 
precedes the repair decision 68 in a pre?ight situation. The 
test cycle alternatives are: 

[0083] Inspect With another diagnostic test, incurring 
the time and cost of the test; and 

[0084] Stop testing and choose a repair action. 

[0085] The repair decision 68 includes several remedial 
alternatives, one of Which is repair. All alternatives not part 
of the test decision 66 are combined or grouped together 
With repair, Which are as folloWs: 

[0086] To proceed With the ?ight as scheduled 
(“gol’); 

[0087] To replace a suspect failed LRU; 

[0088] To defer the LRU repair or replacement if not 
in the MEL list; 

[0089] To delay the ?ight With the expectation the 
diagnosis and repair can be completed; and 

[0090] To cancel the ?ight or replace the aircraft. 

[0091] The test decision 66 can be reconsidered if the 
original failure Was not resolved by the component replace 
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ment and the time deadlines and cost constraints have not 
been exceeded, as shown by the by return arrow 64. 

[0092] Several factors make the extended VOI diagnostic 
model, as applied to aircraft pre?ight dispatch decision 
making, more complex than the conventional, tWo decision 
tWo alternative VOI diagnostic model. First, pre?ight dis 
patch decisions must be made under cost constraints, time 
deadlines and Within MEL guidelines. Second, the remedial 
action is addressed if no test remains With positive net VOI 
such that remedial action replaces the single “repair” deci 
sion of the conventional VOI model. Third, the remedial 
action is not necessarily the ?nal decision. If the repair is not 
?nal, the process can be repeated (as shoWn by return arroW 
64) if cost constraints and time deadlines have not been 
exceeded. 

[0093] Despite its complexity, the extended VOI diagnos 
tic model for aircraft pre?ight dispatch problems can be 
simpli?ed by a plurality of constraints (e.g., condition-action 
or deterministic constraints), Which are listed beloW. More 
speci?cally, the choice among remediation alternatives can 
be signi?cantly reduced by a set of constraints derived from 
or associated With the characteristics of the pre?ight dis 
patch process, and sometimes may determine the solution 
Without further computation. For example, only some reme 
dial actions are possible at any time. Moreover, remedial 
actions are constrained by time and resource availability, and 
the severity of the likely faults. 

[0094] The diagnostic system 10 includes one or more 
databases that contain the constraints, data relating to the 
suspect components, and/or other data relating to the aircraft 
pre?ight dispatch problem, as shoWn in FIG. 1. The pro 
cessing element 22 can link to the one or more databases 
either directly or remotely via a netWork With Which the 
diagnostic system 10 is in communication. Preferably, the 
diagnostic system 10 includes the database 26 that maintains 
a listing of the inventory available, the database 28 contain 
ing data relating to the time and costs for repairing or 
replacing various suspect components, the database 30 hav 
ing the “Minimum Equipment List” (MEL), and the data 
base 36 containing data relating to the time, costs, and 
description of various tests. In addition, the diagnostic 
system 10 may further include data relating to costs of a 
bringing a particular part that is missing from another 
location, data relating to the next destination of the aircraft, 
data relating to the level of expertise of the onsite mainte 
nance creW, data relating to the level expertise of the 
maintenance creW at the aircraft’s next destination, among 
other data. 

[0095] An important factor that in?uences aircraft com 
ponent repair under time deadlines is Whether the faulty 
component is on the “Minimum Equipment List” (MEL), 
Which is contained Within database 30. An MEL is generally 
maintained for each model of aircraft and indicates Which 
critical components must be functioning properly for the 
aircraft to be cleared for takeoff. An aircraft can be cleared 
for takeoff if the failed component is not on the MEL list, 
such as a ?ight attendant call button or a coffee maker. 
Determining that a faulty component is not critical is “to 
MEL” the component. The MEL list is Written in terms of 
functionality so that Whether a failure can be “MEL-ed” can 
depend on conditions such as Weather or the duration of the 
?ight. The MEL decision is in effect the decision to defer 
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maintenance such that it is not necessary to complete the 
repair Within the pre?ight deadline. In short, component 
replacement can be deferred if the component does not 
appear on the MEL. 

[0096] The effect of the MEL decision on the VOI graph 
(FIG. 3) is to decrease the severity of the cost C such that 
it is less than the costs of repair D. In that case, the “no 
repair” action dominates for any level of p{LRUfailed}. 
Further, inspect and repair actions might be taken if time 
alloWs but such are not required. 

[0097] The “LRU replace” alternative must be considered 
if the repair cannot be deferred. Data pertaining to the costs 
and time related to component replacement or repair is 
contained in database 28 (FIG. 1). The costs of replacement 
are both the direct costs of the replacement part and the 
indirect costs of possible “technician induced failure” (TIF) 
and the time cost of exceeding the ?ight deadline. The latter 
depends on Whether a replacement part is available or not, 
Which may be determined by accessing inventory database 
26. In terms of the VOI graph (FIG. 3), the effect of all these 
costs is to shift the “repair” alternative up or doWn by 
changing costs D and E uniformly. The effect of this for a 
constant “no repair” alternative is to increase the repair 
threshold probability as costs D and E increase. 

[0098] Delay and Cancel alternatives can also be 
expressed as functions on the VOI graph, for purposes of 
determining the remediation action. Flight cancellation cost 
is independent of fault probabilities for the aircraft under 
repair. Thus, the action line appears as a horiZontal line, i.e., 
for this action D=E. Cancellation costs are typically high in 
terms of reputation and passenger inconvenience, and as a 
result, the cancellation action function Will typically sit Well 
beloW other alternatives. It Will become relevant if either all 
repair and delay actions have been exhausted, or an alter 
native aircraft is available at loW cost, such as an aircraft set 
aside as a “hot runWay spare.” The cancellation cost asso 
ciated With the substitute aircraft is the opportunity cost of 
not having the spare available for a subsequent cancellation. 

[0099] The delay alternative incurs costs much like the 
cancellation alternative, but With the hope of ?nding a repair 
alternative given the extended deadline. In a strict sense, the 
delay alternative is not a simple alternative, but the com 
posite of alternatives and choices that Would be made in the 
time available. 

[0100] The extended VOI diagnostic model policies 
imposed on the pre?ight dispatch decision space are sum 
mariZed in the Table beloW. As shoWn, the Table illustrates 
the actions that might be expected under various combina 
tions of the condition-action constraints listed therein. The 
?rst column of the Table lists the available actions under the 
conditions listed in its roW, and the four last columns contain 
conditions in terms of time and resources. The folloWing 
conditions that constrain remedial actions are de?ned as 
folloWs: 

[0101] “Component replacement is mandatory or 
non-MEL-able” means the aircraft cannot depart 
Without ?xing or deferring (“MEL-ed”) the problem 
(MEL-ed=1); 

[0102] “Component replacement not possible” 
means that time and/or cost functions, cost limits 
Were exceeded for part replacement (Replace=0); 
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[0103] “Replacement part not available” means the 
part cannot be acquired Within time and/or cost 
functions, cost limits (Available=0); and 

[0104] “Component inspection not possible” means 
that the time or resources needed for testing have run 
out even though inspection may reveal the part does 
not have to be replaced (Inspect=0). 

CONDITION CONSTRAINT 

ACTION MEL-ed Inspect Replace Available 

Delay or Cancel O O O 0 
Delay 0 O O 1 

Delay or Cancel O O 1 0 
Replace O O 1 1 
Inspect O 1 O 0 

Inspect, Delay or Cancel? O 1 O 1 
Delay & Inspect O 1 1 0 

Fix 0 1 1 1 
Go 1 O O 0 

Go (& plan maintenance) 1 O O 1 
Go (& plan maintenance) 1 O 1 0 

Fix & Go 1 O 1 1 
Go & test if necessary 1 1 O 0 

Go (& plan maintenance) 1 1 O 1 
Inspect 1 1 1 0 

Fix & Go (perhaps Inspect) 1 1 1 1 

[0105] As apparent from the ?rst roW of the Table, the only 
alternative is delay or cancel the ?ight When each of the four 
condition constraints are Zero. When the repair can be 
deferred or MEL-ed, the aircraft can be dispatched on 
schedule, and the actions taken Will be determined by the 
convenience of repairing versus postponing repairs. Part 
unavailability precludes replacement even Within time con 
straints. A ?ight is delayed or cancelled if the departure 
deadline is exceeded, and a component that cannot be 
MEL-ed has to be inspected or replaced. To avoid delay or 
cancellation, a component that cannot be MEL-ed must be 
replaced before the departure deadline is exceeded if the part 
is available. Faults Will be inspected When tests return 
positive VOIs, unless time deadlines or cost functions, cost 
limits preclude the tests. 

[0106] The decision table and the constraints shoWn 
therein are predicated on the probability of identifying 
suspected faulty components above their repair threshold. 
The operative roW of the decision table depends on Which 
component has been singled out to be MEL-ed, inspected, or 
replaced. The behavior of the model may change dynami 
cally as fault probabilities change due to the performance 
and outcomes of tests and inspections. For example, a 
non-MEL-able situation could become MEL-able or vice 
versa, as inspections implicate alternate underlying faults. 

[0107] In pre?ight troubleshooting, there are both cost 
functions, cost limits and time deadlines. The diagnostic 
repair session should come to an end if it is predicted that 
either Will be exceeded before the session is complete. They 
may both be considered as different cost dimensions. The 
cost threshold is the point Where direct costs of the repair 
exceed What it Would cost to just replace the equipment 
under repair. The time threshold is the point Where the 
expected direct costs of repair Would exceed the cost of 
delaying or canceling the ?ight. 
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[0108] Expected cost and time required by each action are 
predicted for the sequence of actions. If the planned 
sequence of actions exceeds the cost or time deadline, then 
the ?ight should be cancelled. To consider the effects of 
delay, the indirect costs of delay as a function of time can be 
added to the direct costs of the actions. Thus, the total cost 
is the sum of the costs of observations and repairs and an 
exogenous cost of delay that expresses the costs incurred if 
no repair actions are taken as a function of time. These 
exogenous costs are the indirect cost of loss of reputation, 
contingent delays, among others. 

[0109] By Way of example, the operation of a diagnostic 
system of one embodiment Will be hereinafter described and 
illustrated by the ?oWchart of FIGS. 5A and 5B. Upon 
beginning a diagnostic session, identifying information for 
the aircraft (e.g., tail number) is entered into the diagnostic 
system 10 at step 80. Next, the observed symptoms, most of 
Which may be obtained from the pilot logbook or the creW 
report, are entered into the diagnostic system 10 at step 82. 

[0110] The information entered at steps 80 and 82 may be 
entered manually via the interface or automatically via the 
bi-directional link 18 linking the aircraft 16 and the diag 
nostic system 10. In addition to entering the observed 
symptoms, Which become a part of the inbound faults, the 
user can also enter other information, if available. For 
example, the user can enter information pertaining to the 
con?guration of the aircraft 16, such as ?aps doWn. The user 
can also enter the operating environment of the aircraft 16, 
such as operating in extreme cold or on normal paved 
runWays, and the ?ight stage of the aircraft 16, such as climb 
or cruise, at the time of the problem. 

[0111] Upon entering all of the symptoms and any other 
information relevant to the diagnostic procedure, the diag 
nostic system 10 executes the extended VOI diagnostic 
model at step 84. At step 86, the diagnostic system 10 
identi?es and prioritiZes suspect components based upon the 
relative likelihood of casualty, i.e., that the respective sus 
pect components caused the observed symptoms. 

[0112] At step 88 the diagnostic system 10 identi?es and 
prioritiZes one or more tests having a positive net VOI that 
can be performed in order to re?ne the identi?cation and 
prioritiZation of the suspect components. The tests are also 
prioritiZed based upon the value of the information provided 
by the test, Which is in turn based upon the differentiation 
that each test can provide toWards differentiating the suspect 
component listed ?rst, i.e., the suspect component With the 
greatest associated probability, from the remainder of the 
suspect components. 

[0113] NoW that the suspect components and possible tests 
have been identi?ed and prioritiZed, the diagnostic system 
10 accesses one or more of the databases 26 through 32 at 
step 90. Using the database information, the system 10 
makes a repair decision at step 92. That is, the diagnostic 
system 10 determines an optimal test to be performed (step 
94) or that testing should stop (step 96). As described earlier, 
the diagnostic system 10 may determine that testing should 
stop, for example, if no test remains With a positive net VOI 
or if the estimated sum of costs and time delays for the 
testing exceeds the time deadlines and/or costs limits. 

[0114] At step 98, the optimal test identi?ed by the diag 
nostic system at step 94 is performed. The test outcome is 
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entered into the diagnostic system 10 at step 100. Steps 84 
though 92 are then repeated but this time the operations are 
based not only upon the observed symptoms, but also upon 
the outcome of the test entered at step 100. 

[0115] Once the diagnostic system 10 determines that 
testing should stop at step 92, the diagnostic system 10 then 
addresses the repair decision at step 102. That is, the 
diagnostic system 10 determines the optimal remediation 
action in accordance With the extended VOI diagnostic 
model, in the manner more fully described above and shoWn 
in the Table. At step 100, the diagnostic system 10 deter 
mines Whether to cancel the ?ight (step 104), delay the ?ight 
(step 106), replace the LRU or other suspect component 
(step 108), or go and defer the repair if necessary (step 110). 

[0116] If the ?ight is cancelled (step 104), the diagnosis 
session is preferably documented (step 112) in an electronic 
maintenance log 34 (FIG. 1) and the diagnosis session 
comes to an end. 

[0117] If the ?ight is delayed (step 106), the diagnosis 
system 10 determines Whether the time and cost constraints 
have been exceeded (step 114). If so, the ?ight is cancelled 
(step 115), the diagnosis session is preferably documented 
(step 112) in the electronic maintenance log 34, and the 
diagnosis session comes to an end. HoWever, if the time 
deadlines and/or cost functions, cost limits have not been 
exceeded, the process may return to step 84. 

[0118] If the LRU or other suspect component is repaired 
or replaced (step 108), then a determination is made as to 
Whether all problems have been resolved (step 116). If so, 
the diagnosis session is preferably documented (step 118) in 
the electronic maintenance log 34. The aircraft 16 is then 
released for takeoff or otherWise returned to service at step 
120. HoWever, if all problems have not been resolved (step 
116) by the component repair or replacement, the process 
may return to step 84 if cost constraints and time deadlines 
have not been exceeded (step 114). If cost constraints and 
time deadlines have been exceeded though and problems 
remain, then the ?ight is cancelled (step 115), the diagnosis 
session is preferably documented (step 112) in the electronic 
maintenance log 34, and the diagnosis session comes to an 
end. 

[0119] If the repair decision (step 102) is to go and defer 
the repair if necessary (step 110), the diagnosis session is 
preferably documented (step 118) in the electronic mainte 
nance log 34. The aircraft 16 is then released for takeoff or 
otherWise returned to service at step 120. If any actions are 
deferred, the diagnostic system 10 preferably notes the 
deferred actions and provide appropriate Warnings to sub 
sequently alert the mechanic of the need to perform the 
deferred action. 

[0120] Typically, separate Bayesian netWorks are devel 
oped for each subsystem, although, since some components 
may be part of tWo or more subsystems, the Bayesian 
netWorks for the different subsystems can be interconnected. 
As such, execution of the extended VOI diagnostic model 
causes each Bayesian netWork to be investigated, typically 
in a parallel manner, to determine Which subsystems may be 
faulty. 

[0121] Accordingly, the present invention substantially 
improves the process for diagnosing and troubleshooting 
large complex systems, such as aircraft. More speci?cally, 
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the present invention alloWs for reliable troubleshooting and 
diagnosis during the aircraft pre?ight dispatch problem. 
Indeed, the reliability provided by the present invention 
alloWs for substantial reductions in the number of compo 
nents that are replaced that are actually functioning properly, 
Which can add signi?cant costs to airline maintenance 
operations. 
[0122] In addition, the present invention automates the 
decision-making as to the optimal maintenance action to 
take during the aircraft pre?ight dispatch problem. Having 
the diagnostic system determine the optimal maintenance 
action instead of aircraft personnel (e.g., mechanic, etc.) 
eliminates, or at least substantially reduces, the risk of 
exceeding one or more of the variables associated With 
aircraft pre?ight dispatch, such as cost functions, cost limits, 
time deadlines, and/or MEL guidelines. Accordingly, the 
present invention alloWs for signi?cant reductions in the 
number of aircraft delays and cancellations. 

[0123] It is anticipated that the invention Will be appli 
cable to any of a Wide range of mobile platforms, and 
especially aircraft (e.g., but not limited to, ?ghter jets, 
commercial jets, private jets, propeller poWered aircraft, 
among others) regardless of the manner in Which the aircraft 
is piloted (e.g., directly, remotely, via automation, or in a 
combination thereof, among others). Accordingly, the spe 
ci?c references to aircraft herein should not be construed as 
limiting the scope of the present invention to only one 
speci?c form/type of aircraft. In addition, the present inven 
tion could readily be adapted for use With maintenance 
troubleshooting operations for other types of vehicles Where 
rapid troubleshooting and repair is needed as Well as other 
decision-making problems When time is critical. For 
example, the present invention can be adapted to the ?ight 
disruption management problem that involves making in 
?ight decisions (e.g., returning to departure aircraft, locating 
and landing at an intermediate location, continuing onWard 
to scheduled destination, etc.) based upon variables such as 
a passenger’s Worsening health condition, a component 
failure, an expected component failure, etc. Or for example, 
the present invention could also be adapted for use With the 
spacecraft launch management problems Wherein decisions 
must be made such as continuing With a countdoWn to 
launch, aborting a launch sequence, etc. 

[0124] The description of the invention is merely exem 
plary in nature and is in no Way intended to limit the 
invention, its application, or uses. Thus, variations that do 
not depart from the substance of the invention are intended 
to be Within the scope of the invention. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention. 

What is claimed is: 
1. Amethod for enabling multistage decision optimiZation 

in aircraft pre?ight dispatch, the method comprising: 

extending an entropy-based value of information (VOI) 
diagnostic model constructed based upon at least one of 
systemic information relating to aircraft components 
and input-output relationships of the aircraft compo 
nents, experience-based information relating to direct 
relationships betWeen aircraft component failures and 
observed symptoms, and factual information relating to 
aircraft component reliability, the extended VOI diag 
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nostic model accommodating one or more variables 
associated With aircraft pre?ight dispatch; 

receiving an input relating to one or more observed 
symptoms indicative of a failed component in an air 
craft; and 

determining an optimal maintenance action for the aircraft 
in accordance With the extended VOI diagnostic model 
and the observed symptoms. 

2. The method of claim 1, Wherein the optimal mainte 
nance action comprises at least one of: 

performing an optimal test to re?ne a prioritiZation of the 
plurality of suspect components; 

repairing a suspect component; 

replacing a suspect component; 

deferring maintenance on a suspect component; 

delaying a ?ight; 

canceling a ?ight; and 

canceling a ?ight and replacing the aircraft. 
3. The method of claim 1, Wherein determining an optimal 

maintenance action comprises: 

correlating the input relating to the observed symptoms 
With one or more suspect components that are each 
capable of causing the observed symptoms upon failure 
in accordance With the extended VOI diagnostic model; 

prioritiZing the suspect components based upon a relative 
likelihood that the respective suspect components 
caused the at least one observed symptom; 

identifying and prioritiZing one or more tests that can each 
be performed to re?ne the prioritiZation of the plurality 
of suspect components; and 

using the prioritiZed listing of tests to at least one of: 

identify an optimal test to perform; or in the alternative, 
and determine that testing should stop. 

4. The method of claim 1, further comprising: 

receiving an input relating to an outcome of a test; 

re-determining the optimal maintenance action in light of 
the outcome of the test. 

5. The method of claim 1, further comprising: 

receiving an input relating to a remedial action undertaken 
With respect to at least one suspect component; and 

re-determining the optimal maintenance action in light of 
the remedial action. 

6. The method of claim 1, Wherein the construction of 
entropy-based VOI diagnostic model and the extended VOI 
diagnostic model are based upon a Bayesian netWork. 

7. The method of claim 1, further comprising identifying 
the one or more variables associated With aircraft pre?ight 
dispatch. 

8. The method of claim 1, Wherein the one or more 
variables accommodated by the extended VOI diagnostic 
model comprise at least one of: 

a decision parameter; 

a utility function; 

a constraint; 
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a cost function; 

a cost limit; 

a time deadline; 

an airWorthiness guideline; 

maintenance creW expertise; 

labor availability; 

a future destination of the aircraft; 

repair equipment availability; and 

component availability. 
9. The method of claim 1, Wherein the one or more 

variables accommodated by the extended VOI diagnostic 
model comprise: 

a test decision; and 

a repair decision interleaved With the test decision. 
10. The method of claim 9, Wherein: 

the test decision comprises at least one of: 

performing an optimal test to re?ne a prioritiZation of the 
plurality of suspect components; and 

stopping testing and addressing the repair decision; 

the repair decision comprises at least one of: 

repairing a suspect component; 

replacing a suspect component; 

deferring maintenance on a suspect component; 

delaying a ?ight; 

canceling a ?ight; and 

canceling a ?ight and replacing the aircraft. 
11. The method of claim 10, Wherein the test decision is 

stopping testing and addressing the repair decision When no 
test having a positive value of information (VOI) or an 
estimated time and cost of completion Within cost and time 
constraints prescribed for dispatch of the aircraft can be 
identi?ed. 

12. The method of claim 10, Wherein the optimal test to 
perform includes a positive net VOI and an estimated time 
and cost of completion Within cost and time constraints 
associated With the dispatch of the aircraft. 

13. The method of claim 1, further comprising providing 
the optimal maintenance action to at least one aircraft 
personnel. 

14. The method of claim 13, Wherein providing the 
optimal maintenance action to at least one aircraft personnel 
comprises providing the optimal maintenance action to the 
aircraft. 

15. A method for enabling multistage decision optimiZa 
tion in aircraft pre?ight dispatch, the method comprising: 

extending an entropy-based value of information (VOI) 
diagnostic model to aircraft pre?ight dispatch, the V01 
diagnostic model being constructed based upon at least 
one of systemic information relating to aircraft com 
ponents and input-output relationships of the aircraft 
components, experience-based information relating to 
direct relationships betWeen aircraft component fail 
ures and observed symptoms, and factual information 
relating to aircraft component reliability, the extended 
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VOI diagnostic model accommodating one or more 
variables associated With aircraft pre?ight dispatch, the 
one or more variables comprising at least one of: 

a decision parameter; 

a utility function; 

a value function; 

a constraint; 

a cost function; 

a cost limit; 

a time deadline; 

an airWorthiness guideline; 

maintenance creW expertise; 

labor availability; 

a future destination of the aircraft; 

repair equipment availability; and 

component availability; 

receiving an input relating to one or more observed 
symptoms indicative of a failed component in an air 
craft; and 

determining an optimal maintenance action for the aircraft 
in accordance With the extended VOI diagnostic model 
and the observed symptoms, the optimal maintenance 
action comprising at least one of: 

performing an optimal test; 

repairing a suspect component; 

replacing a suspect component; 

deferring maintenance on a suspect component; 

delaying a ?ight; 

canceling a ?ight; and 

canceling a ?ight and replacing the aircraft. 
16. A diagnostic system for enabling multistage decision 

optimiZation in aircraft pre?ight dispatch, the diagnostic 
system comprising: 

an interface for receiving input relating to one or more 
observed symptoms indicative of a failed component in 
an aircraft; 

a computer executable module for extending an entropy 
based value of information (VOI) diagnostic model 
constructed based upon at least one of systemic infor 
mation relating to aircraft components and input-output 
relationships of the aircraft components, experience 
based information relating to direct relationships 
betWeen aircraft component failures and observed 
symptoms, and factual information relating to aircraft 
component reliability, the extended VOI diagnostic 
model accommodating one or more variables associ 
ated With aircraft pre?ight dispatch; and 

a computer executable module for determining an optimal 
maintenance action for the aircraft in accordance With 
the extended VOI diagnostic model and the observed 
symptoms. 
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17. The diagnostic system of claim 16, Wherein the 
computer executable module for determining an optimal 
maintenance action comprises: 

a computer executable module for correlating the input 
relating to the observed symptoms With one or more 
suspect components that are each capable of causing 
the observed symptoms upon failure in accordance With 
the extended VOI diagnostic model; 

a computer executable module for prioritiZing the suspect 
components based upon a relative likelihood that the 
respective suspect components caused the at least one 
observed symptom; 

a computer executable module for identifying and priori 
tiZing one or more tests to be performed in order to 
re?ne the prioritiZation of the plurality of suspect 
components; and 

a computer executable module for using the prioritiZed 
listing of tests to at least one of: 

identify an optimal test to perform; or in the alternative, 
and 

determine that testing should stop. 
18. The diagnostic system of claim 16, Wherein the 

interface receives an input relating to an outcome of a test; 
and further comprising a computer executable module for 
re-determining the optimal maintenance action in light of the 
outcome of the test. 

19. The diagnostic system of claim 16, Wherein the 
interface receives an input relating to a remedial action 
undertaken With respect to at least one suspect component; 
and further comprising a computer executable module for 
re-determining the optimal maintenance action in light of the 
remedial action. 

20. The diagnostic system of claim 16, further comprising 
at least one database containing at least one of: 

component data; 

test data; 

data relating to the correlation betWeen observed symp 
toms and suspect components; and 

other data relating to aircraft pre?ight dispatch. 
21. The diagnostic system of claim 16, further comprising 

an output component for outputting the optimal maintenance 
action to at least one aircraft personnel. 

22. The diagnostic system of claim 16, further comprising 
at least one bidirectional data link betWeen the diagnostic 
system and the aircraft, the diagnostic system using the 
bidirectional data link to provide the optimal maintenance 
action to the aircraft. 

23. A method for enabling multistage decision optimiZa 
tion in a maintenance troubleshooting operation, the method 
comprising: 

extending an entropy-based value of information (VOI) 
diagnostic model constructed based upon at least one of 
systemic information relating to components of a 
mobile platform and input-output relationships of the 
components, experience-based information relating to 
direct relationships betWeen component failures and 
observed symptoms, and factual information relating to 
component reliability, the extended VOI diagnostic 
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model accommodating one or more variables associ 
ated With the maintenance troubleshooting operation; 

receiving an input relating to one or more observed 
symptoms indicative of a failed component in the 
mobile platform; and 
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determining an optimal maintenance action for the mobile 
platform in accordance With the eXtended VOI diag 
nostic model and the observed symptoms. 


