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Aviation Field Service Report Natural Language Processing

Field of the Invention
The invention relates generally to managing aviation field service data in
a service record, and more specifically to natural language process extraction of
data from service reports and management of such data in a maintenance

information database.

Background

Maintenance of aviation equipment is a significant expense for any
aircraft owner, and is a primary concern for safety of the aircraft. While an
automobile that experiences mechanical trouble such as an engine problem can
usually pull the vehicle over and wait for repairs to be made,I a similar engine
failure in an aircraft flying at tens of thousands of feet can be more troublesome.
For this reason, regular maintenance and service of aviation engines and other
such aircraft systems is mandated by federal agencies, and is performed regularly
to ensure the reliable operation of the airplane.

Because the equipment, parts, and labor involved with aircraft
maintenance are all relatively expensive, aircraft operators desire to minimize the
cost involved while ensuring that their aircraft remain safe and reliable. Because
it is difficult and potentially unsafe to try to cut costs on parts‘or on maintenance
equipment, some of this effort in controlling cost is directed toward reducing
labor by keeping fault diagnosis and related maintenance operation costs to a
minimum. This can be achieved by good engineering of the aircraft and its
systems, and by good training or extensive experience for the maintenance
personnel servicing the aircraft. Fast and efficient diagnosing of a problem
results in a decrease in time and labor spent fixing a given problem, and results
in a reduction of resource consumption such as service hangar time and loss of
the aircraft for normal flight operations.

The maintenance personnel typically generate what are known as field

service reports, or FSRs, to document their service work in diagnosing and
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repairing an aircraft fault. The field service report typically comprises an
unstructured written narrative that describes the symptoms observed that
indicated service was necessary, the actions taken in diagnosing and repairing the
aircraft, the parts and equipment used, and the eventual solution to the fault.
This information serves as a record of what has happened, and as an indicator of
what may work to solve problems having certain symptoms or that are diagnosed
based on certain observations or problems.

It is therefore desired to more effectively use aviation field service report

data to make service of aircraft more efficient and cost-effective.

Summary

In one example embodiment of the invention, an aircraft service
information handling system comprises an input module operable to collect field
service narrative data. A natural language data extraction module extracts
problem data and related solution data from the narrative data, and a database
module populates an aircraft service information database with the extracted
problem data and the related extracted solution data. The database module
further searches the database for populated problem data, and retrieves the

related populated solution data.

Brief Description of the Figures

Figure 1 is a flowchart of a method of manufacturing paper, consistent
with an example embodiment of the present invention.

Figure 2 is a block diagram of data utilization in a method of managing
production of paper, consistent with an example embodiment of the present
invention.

Figure 3 is a detailed flowchart of a method of producing paper products,
consistent with an example embodiment of the present invention.

Figure 4 is a block diagram of a computerized system, operable to
execute machine-readable instructions for carrying out an example embodiment

of the present invention.
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Detailed Description
In the follow'ing detailed description of example embodiments of the
invention, reference is made to specific examples by way of drawings and
5 illustrations. These examples are described in sufficient detail to enable those
skilled in the art to practice the invention, and serve to illustrate how the
invention may be applied to various purposes or embodiments. Other
embodiments of the invention exist and are within the scope of the invention,
and logical, mechanical, electrical, and other changes may be made without
10 departing from the subject or scope of the present invention. Features or
limitations of various embodiments of the invention described herein, however
essential to the example embodiments in which they are incorporated, do not
limit the invention as a whole, and any reference to the invention, its elements,
operation, and application do not limit the invention as a whole but serve only to
15  define these example embodiments. The following detailed description does not,
- ‘therefore, limit the scope-of-the-invention; which is-defined only by the appended
claims.
One embodiment of the invention comprises an aircraft service
information handling system having an input module operable to collect field
-..20——service narrative-data.— A natural language data-extraction-module-extracts——
problem data and related solution data from the narrative data, and a database
~“module populates an aircraft sefvice information database with the extracted
problem data and the related extracted solution data. When a user has identified
a problem with an aircraft and seeks maintenance information, the user uses the
25  database module to search the database for populated problem data, and retrieves
the related populated solution data. The user the is able to use the retrieved
solution data as a resource in troubleshooting and repairing the aircraft problem.
Figure 1 is a flowchart illustrating a method of practicing one example
embodiment of the invention. At 101, field service narrative data is collected.
30  The field service narrative data is typically a handwritten description of a

problem and a solution to the problem that a service technician drafts as a record
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of repair or maintenance activity when servicing an aircraft, but in other
tembodiments is a spoken or typed narrative that is converted to a computer-
readable form such as by voice recognifion. The narrative in various
environments will comprise sentence fragments or phrases, along with full
5 sentences, descriptive words, and other narrative elements. Itt is also common for

such narratives to contain abbreviations and slang terms, such as using “chk” to
represent the word “check” or “checked”, and “repl” to represent “replaced”
when referring to maintenance or repair operations. Similarly, test equipment
and parts may be referred to using slang terms rather than the official technical

10 terms.

The narratives are also likely in many environments not to be
grammatically correct, making extraction of problem and related solution data
from the narrative data at 102 a more complex task. The unstructured narrative
text is in one embodiment of the invention processed via software executing on a

15  computerized system, using algorithms designed to parse the constituents of
- -~ -—naturaHanguage—The-natural language processing algorithms in a-further
embodiment use training material to learn to distinguish words, phrases, or
-sentences relating to problem or symptom identification from those related to the
solutions to problems. A database management function is able to categorize the
20  problem or symptom, and to assign the problem and the related solution to a

particular problem category. The stored problem and related solution data can

then'be séaiched Using a languiage search or category search to retrieve solutions .
for problems similar to one a user is experiencing..
At 103, the problem and solution data extracted from the narrative are

25  used to populate an aircraft service information database. In a further
embodiment, known common problems and solutions are further entered in;to the
aircraft service information database to provide an initial knowledge base from
which the database is further built based on the collected field service narrative
data. |

30 When a service technician is having difficulty diagnosing a problem, the

technician can use symptom or problem descriptions to search the aircraft service
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information database, and can retrieve those problems and solutions most related
to the observed problem or symptoms at 104. Alternately, the service technician
can browse problemé and their solutions using the problem categorization or
classification as determined in the natural language processing and as stored
5 along with the problem and solution data.
Figure 2 shows an information handling system as may be used to

practice an example embodiment of the invention. A first computer system 201
is used to record field service report data. In one embodiment, the field service
report data is typed into the computerized system, such as by the service

10 technician, from written notes, or as a transcription of a recorded vocal narrative.
The computer system 201 sends the narrative data via a network 202 to a second
computerized system 203, where natural language processing algorithms are
employed to analyze the narrative and extract problem and related solution data.
The problem data and the related solution data are then saved in a database in

15  database server 204.

~ ~When-a-service-technician is having difficulty diagnosing a problem, the
technician can use a terminal 205 to query the data on databaée server 204. In
one example, this is performed by entering one or more words or phrases
describing the problem or symptoms. The description of the problem is sent to
—_.20~'—therda-tabasesewerTwhichmmpars&th&pﬁoblem_data-stored;in_thadatabase to
the problem description the service technician submitted as a query. The
—database server then séarchies the database for those problem and related solution
records that are most similar to the service technician’s problem description, and
displays the records found. The service technician can then view the solutions
25  related to those problems most like the problem the technician is presently
facing, and can benefit from the knowledge and experience of other service
technicians.
Figure 3 is a detailed flowchart of a method of practicing an example
embodiment of the invention. At 301, field service narrative data is collected as
30  at 101 of Figure 1. At 302, the collected narrative data is tagged, as a part of the

natural language processing function. The tagging process typically identifies
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each part of speech in the sentence, and in some further embodiments specially
tags word such as “an”, “or”, and “the” that don’t add rrieaning to a sentence or
phrase. In some embodiments, the tagger will do a lexical analysié to determine
which part of speech a particular word is, such as determining whether the term
“running” is a noun, adjective, adverb, or gerund. The narrative is then parsed at'
303 based on the syntax of the phrase or sentence, based on grammatical rules
and statistical probabilities. After the parsing process is performed, clause
splitting is performed at 304, to break the narrative up into independent clauses
or phrases. Semantic grbups within each clause or phrase are determined at 305,
such that the various parts of speech in the clause are identified and can be
grouped. At 306, characteristics of the parts of speéch are identified, such as
identifying a verb tense to determine whether an action has been completed, is
being completed, or is to be completed.

The data extracted from the narrative is used to populate frames or other
data structures at 307. The frames reference each linguistic element of a phrase

- or-sentence;-and store-its-apparentrelation-to-other elements-of the clause or

sentence. The frame data is then manually segregated into problem data and
associated solution data at 308, and is-classified at 309 for use in populating a

database or knowledge base of problems and their solutions. In a further

determine based on lexical, syntactic, and semantic indicators which one of a

" number of categorized problem types to which the problérn and related solution

data are to be assigned.

The database of compiled problem data and associated solution data is
employed in yet a further embodiment as a resource which a service technician
may query for problems similar to a problem presently under investigation, so
that the solutions to the found related problems can be considered in formulating
a solution to the present problem. One example of such a system is shown and
described in conjunction with Figure 2, which illustrates how a service
technician using a remote system such as 205 may query a database constructed

from narrative data provided via a first terminal 201 through a database server
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204,
Figure 4 illustrates a more detailed example of a computerized system
consistent with an e;cample embodiment of the present invention. The computer
401 has a processor 402, couple via bus 403 to memory 404. A hard disk drive
5 405 stores program instructions and other data such as a database, such that the
data can be retrieved from the hard disk drive and loaded into memory 404 for
the processor 402’s use. Some data stored on the hard disk drive, such as
software or program application data is loaded from a machine-readable medium
such as a compact disc 406, a diskette, a DVD, a network connection 409, or
10  another such machine-readable medium via a media reader such as CD-ROM
drive 407. A scanner 408 is further attached to-the computerized system in this
example, and is operable to scan papers and to send an electronic representation
of the scanned images to the computerized system 401.
In operation, exe‘cution‘ of a software program installed onto the computer
15  system from a machine-readable medium causes at least a portion of the program
‘to'be loaded from-the-hard-disk-drive-405-into-memory-404. The processor
executes instructions comprising a part of the computer program, which causes
the computer to perform the functions as dictated by the instructions. For
example, one portion of such a software program will cause scanner 408 to scan
— 20— field service reports,-and-to perform-character recognition-on-at-least-a-portion of

the scanned image to create a machine-readable version of the field service

“Ttéport narrative. Other functions consistent with various embodiments of the
invention, such as performing natural language processing functions and,
operation of a database of problems and their related solutions, are performed by

25  the processor through execution of program instructions loaded into the
processor from machine-readable mediums such as the CD-ROM 406, hard disk
drive 405, and memory 404.
The example embodiments preseﬁted here illustrate how aircraft service
information can be managed to provide a database of problems and their related
30 solutions, and how such a database can be formed by natural language processing

of field service report narratives. Such a system enables service technicians to
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benefit from the knowledge and expeArience‘ of others, anci provides for easy a.ndA
'efficient assembly of a repository of problem and repair' knowledge. Although
specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that any arrangement which is
calculated to achieve the same purpose may be substituted for the specific
embodiments shown. This application is intended to cover any adaptations or
variations of the example embodiments of the invention described herein. It is
intended that this invention be limited only by the claims, and the full scope of

equivalents thereof.
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Claims
1. A method of rﬁanaging aircraft service information, comprising:
- collecting fiéld service narrative data;
extracting problem data from the narrative data;
5 extracting solution data from the narrative data; and
‘populating an aircraft service information database with the extracted

problem data and the related extracted solution data.

2. The method of claim 1, wherein collecting field service narrative data
10 comprises at least one of performing voice recognition on a spoken narrative,
scanning a written narrative and converting it to a machine-readable form, and

receiving an electronic transcription of a written or spoken narrative

3. The method of claim 1, wherein at least one of extracting problem data and
15  extracting solution data from the narrative data comprises using natural language

‘processing functions-to-extract the data-from-the-narrative data.- -

-4, The method of claim 1, wherein populating an aircraft service information
database comprises storing extracted problem data and related extracted solution

—20— data——

5. The'method of ¢laim 1, Wherein in at least one of extracting problem data and
extracting solution data from the narrative data comprises analyzing linguistic )
relationships between words in at least a portion of the narrative.

25 |
6. The method of claim 1, wherein in at least one of extracting problem data and
extracting solution data from the narrative data comprises analysis of statistical

occurrence of specific words in at least a portion of the narrative.

30 7. The method of claim 1, further comprising searching the database for

populated problem data, and retrieving the related populated solution data.
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8. An aircraft service information handling systein, comprisiné:

an input module operable to collect field service narrative data;

a natural language data extraction module operable to extract problem
data and related solution data from the narrative data; and

a database module operable to populate an aircraft service information

database with the extracted problem data and the related extracted solution data.

9. The aircraft service information handling system of claim 8, wherein the input
module is operable to collect field service narrative data by at least one of
performing voice recognition on a spoken narrative, scanning a written narrative
and converting it to a machine-readable form, and feceiving an electronic

transcription of a written or spoken narrative

10. The aircraft service information handling system of claim 8, wherein the
natural language data extraction module is operable to use natural language
processing functions to extract the problem data and relate solution data from the

narrative data.

11. The aircraft service information handling system of claim 8, wherein the
natural language data extraction module is operable to analyze linguistic

relationships between words in at least a portion of the narrative.

12. The aircraft service information handling system of claim 8, wherein the
natural language data extraction module is operable to analyze statistical

occurrence of specific words in at least a portion of the narrative.
13. The aircraft service information handling system of claim 8, wherein the

database module is further operable to search the database for populated problem

data, and retrieving the related populated solution data.

10
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14. A machine;readable medium with instructions stored thereon, the
instructions when executed operable to cause a computerized system to:
. collect field ;ervice narrative data;
extract problem data from the narrative data;
5 extract solution data from the narrative data; and
populate an aircraft service information database with the extracted

problem data and the related extracted solution data.

15. The machine-readable medium of claim 14, wherein collecting field service
10 narrative data comprises at least one of performing voice recognition on a spoken
narrative, scanning a written narrative and converting it to a machine-readable

form, and receiving an electronic transcription of a written or spoken narrative

16. The machine-readable medium of claim 14, wherein at least one of
15  extracting problém data and extracting solution data from the narrative data
--- —comprises-using-natural language-processing functions to extract the data from

the narrative data.

17. The machine-readable medium of claim 14, wherein populating an aircraft
20 —service information database comprises storing extracted problem data and

related extracted solution data.

18. The machine-readable medium of claim 14, wherein in at least one of
extracting problem data and extracting solution data from the narrative data
25  comprises analyzing linguistic relationships between words in at least a portion

of the narrative.

19. The machine-readable medium of claim 14, wherein in at least one of
extracting problem data and extracting solution data from the narrative data
30  comprises analysis of statistical occurrence of specific words in at least a portion

of the narrative.

11
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20. The machine-readable medium of claim 14, the instructions when executed
further operable to cause the computerized system to search the database for

populated problem data, and retrieving the related populated solution data.

12
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