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Abstract

Purpose: This study investigates software qualification procedures based on the FA-50 flight control software
to satisfy high reliability and flight safety.

Methods: We studied software qualification categories, standard/specification and developed country case.
We proposed procedure to satisfy not only flight safety but also international standard.

Results: The proposed software qualification procedure satisfied flight safety and airworthiness based on
the testing result of the FA-50 flight control software.

Conclusion: This paper showed an appropriate qualification procedures of the flight control software in domes—
tic circumstance through the FA-50 flight control software qualification.
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Table 1. Software qualification categories and characteristic

Categories

Feature

Related Specification

Assessment Standards

evaluate ability of the S/W developer, quality of the
maturity

CMMI
[SO-9000-3

Development Standards

Provide guide line for S/W developing procedure

MIL-STD-2167A/2168/498
[EEE/EIA 12207
DEF-STD-055/056

Assurance Standards

Provide method for S/W developing project to
achieve specific goals

DO-178B
DO-278
IEC 61508
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Table 2. Required test of flight control software qualification

Requirement

Related standard or
specification

Required test

Verify that the VCF components meet safety requirements.

MIL-HDBK-516B
6.2.2.15

Certain events and conditions can adversely affect the functional and
operational integrity of the VCMS. The system requirement

JSSG 2008 3.1.14

FLCC(Flight Control
Computer) H/W

enumerates those hazards and sets the stage for the limitation of Certification
their effects
(Hardware) Validation and Verification processes DO-254 5
Verify that all parameters passed among SOF processing elements | MIL-HDBK-516B
are defined and that unnecessary coupling is avoided. 15.2.1 .
Unit Test

The analysis should confirm the degree of structural coverage
appropriate to the software level.

DO-178B 6.4.4.2

The VCF hardware/software integration shall perform an integrity
process which accounts for VCF development of its software and
integration elements.

JSSG 2008 3.5.7

Hardware/software integration testing: To verify correct operation
of the software in the target computer environment

DO-178B 6.4

HW SW Integration
Test

Verify that redundancy (hardware and software) is incorporated to
satisfy fault tolerant SOF requirements, including probability of loss
of control(PLOC) and reliability numbers.

MIL-HDBK-516B
15.1.5

The VCF redundancy requirements shall meet the handling qualities
and flight safety requirements for all operational states

JSSG-2008 3.1.12

System Test

Verify that interfaces/integration with other functions and

sub-functions are safe.

MIL-HDBK-516B
6.2.2.7

Pre-flight tests are required to provide assurance of subsequent
VCMS safety and operability. VCMS should have design for System
test, Results Display, Fault Reporting and Monitor for preflight check.

JSSG-2008 3.1.13.1

Ground test
(Avionics
Compatibility Test,
On-Ground
Functional checkout)

Verify that sensors are safely located to minimize/avoid structural
mode coupling including vibration from configuration loading and gun
fire, and to have safe sensitivity margins.

MIL-HDBK-516B
6.2.2.33

Ground Test
(Structural Coupling
Test)

Verify that electrical power normal/backup/ emergency capability
following loss of engine(s) and generator(s) for VCF is safe.

MIL-HDBK-516B
6.2.3.6

Ground Test
(Power Interaction

Test)
e o raemocion i1 the VOMS sl ot e 155G-2008 Ground Test
& » bropag 3.1.11.11 (EMC Test)

hazards during air vehicle operation during flight.

The results of the SQA process activities are recorded in SQA
Records. These may

include SQA review or audit reports, meeting minutes, records of
authorized process

deviations, or software conformity review records.

DO-178B 11.19

Software Cert.

% VCF: Vehicle Control Functions, SOF: Safety Of Flight,

VCMS: Vehicle Control Management System, SQA: Software Quality Assurance
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Figure 2. Qualification procedure of the Flight control software
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3.4.1 FCS States
The FCS states are described in the following sections.
3444 Power Up/Power Down State
[6045] The Power Up state will initialize the system after
power is applied. All of the FCS functions  support the
Power Up state. The Power Down state is not a direct
function of the FCS: it is a function of the electrical pow
Generation system and K interface with the FCS. The FCS
can be powered down during any of the FCS states,
3412 No Fail State
[6058] In the No Fail State, the FCS will meet or exceed all
established requirements. Since there are “no failures™ in
the system and "no system function™ has suffered a
reduction in redundancy, the system is “fully operational”.
3443 Singe Fail State
[B07] When the first failure occurs for a given component
thatresults in generation of an MFL listed in Table 3.2 9 (i.e.
an A/C sensor, FCS Processing, etc.), the FCS will enter into
the single failure state.
3.4.1.4 Dual Fail State
[60T8] Wien the 2nd like failure occurs fora given
component {Le. an AIC sensor, FCS Processing, etc.}, the
FCS will enter into the dual failure state. For flight eritical
functions, the operational capability of the flight control
system after two foilures will be based on the self-test

it iguration mode
that has been implemented. However, the capabilities of all
non-critical functions are based on the level of redundancy

associated with that function. ] Failure Mode Evaluation Test(FMET)
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P P-tam !‘ ADS ‘

e Elecricalinterface.
— — =Mecnanical Interface

udder
cluator

Figure 4. Example of airworthiness means of compliance

7.2 =

= v«

r1o
l \:

v g A|o] A Eg o] FARNF
= 9ol oEste] T
ATEG0] EAZE AR

Al AApE Agsto] FA- of wet vigAlo] AXEg ol g FAJNFS fste] HAawS] A
(Software Unit Test), 7154 875 55 oAH-& A5 + de SHHSAA(Stand-Alone V&V Test), A}
of ofaf] o] Al A9 e s | $18 S35l 15 A1 d (Integrated System V&V Test), H] 8
Aol AxEY7} A S 7R 54 Fs=AE Hrlele A RE I3 AlY(Failure Mode Effect
Test) @ AGAES Fastlon Ag 9 315 7E 55 Soto AAlE #2905 dapt el s 8918t

sick.

e glo] Az g2 v QA Qg Aste] WA Basft) B eFolA
4903 2% 0 FA 712N WEE nste] Tl 30 A3 v

>r1

B QTE Folo] 55 il @710 vaAAlo] £xEdle] FA% Wt A 9 5 5 dud 5
9 Wik ohleh 41E Aol A 2 B F5T Aoz A

283 AR FAAF AR vhste] Tk FAAFE Al AN 2 A Y Bl d@ 37k A7) Ba
& Ao e



Heo : A Study on Qualification Procedures of Flight Control Software on Military Aircraft 441

REFERENCES

Department Of Defense. 2005. Airworthiness Certification Criteria.

Heo, Jin Goo. 2012. “A Study on the Methodology for the Airworthiness Certification of Flight Control Integration
Technology.” Spring Conference of the Korean Society for Aeronautical & Space Sciences 430-435.

Kim, Jung Ja, and Cho, Sung Keun. 1991. “Study on Development of software Reliability Model and Application.”
Journal of the Korean Society for Quality Management 19(1):65-71.

Lockheed Martin. 2012. Software Development Plan for the FA-50 Flight Control Computer Operation Flight
Program.

National Aeronautics and Space Administration. 1969. The use of pilot rating in the evaluation of aircraft handling
qualities.

Park, Peom. 1992. “Experiment design and human reliability in software quality control system.” Journal of the
Korean Society for Quality Management 20(2):94-108.

Radio Technical Commission for Aeronautics. 1992. Software Consideration in Airborne System and Equipment
Certification.

Seo, Sung Jo, Ko, Ki Ok, Choi, Du Yeol, and Hwang, Byeong Mon. 2007. “Study of T-50 Flight Control System
Ground Test.” Journal of the Korean Society for Aeronautical & Space Sciences 07(1302):319-322.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


