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In this paper, our experience in the employment of an object-oriented modular technology when creating integrated
navigation systems is generalized. Typical configuration schemes of hardware and math-based software for strapdown iner-
tial satellite navigation systems having modular architecture are considered. The results of natural condition tests are ana-
lyzed.

The evolution of airborne equipment (AE) is characterized by the development and introduction of integrated
modular avionics (IMA) [1]. The central IMA idea presupposes AE construction on the basis of unified hard-
ware-and-software modules. The expediency of IMA application is connected with more rigid requirements that
are imposed upon the AE reliability and also with the necessity of improving its weight-and-size figures, its op-
erational characteristics, and its repair characteristics. The implementation of such a technology permits one to
create navigation systems which can be made to order, in conformity with the requirements of a specific object.

The purpose of this paper is to justify and to implement, in practice, IMA principles in integrated navigation
systems (NSs).

Subjects for study have been strapdown inertial satellite navigation systems (SISNSs), which are built around
quantum-optic gyros and hemispherical resonator gyros (HRGs). Special features of SISNS construction enable
one to effectively map their software/hardware onto the IMA architecture and to increase their information reli-
ability on this basis.

In the designs under consideration, the IMA principles have been implemented on a basis of the object-
oriented modular technology intended for construction of hardware and math-based software. The major ele-
ments of such a technology are as follows: unification and standardization of processor modules and the modules
of math-based software; adaptation of interface modules to an object; buffering of data flows and paralleling of
computations; synchronization of data processing procedures in the modules; multilevel RISC organization of
the computational process; data exchange among the modules via the system bus; increasing the degree of com-
putational-process homogeneity on a basis of minimizing the number of tests and conditions; making the proce-
dures of primary and second signal processing agree with the computational-core capability; structuring of algo-
rithms with the aim of their mapping onto the unified modules of math-based software; an open architecture
which permits 1) computational resources to be extended and 2) integrated NSs to be updated and reconfigured
to an object.

The object-oriented modular technology has been approved by the personnel of the “NaukaSoft” Experimen-
tal Laboratory in the process of developing and testing a number of SISNSs, among which are the following sys-
tems:

e the SINS-500 [2], SINS-501 and SINS-1000 [3] systems (in conjunction with the “OPTOLINK” RPC, Ltd.,
Zelenograd), which are built around fiber-optic gyros (FOGs);

e the SINS-05-104 system (in conjunction with the “Avionika” Concern, Open JSC, Moscow), which is based
on a three-component laser monoblock [4];

e a distributed micronavigation system for a synthetic-aperture radar (in conjunction with the Research Insti-
tute for Radioelectronic Complexes, St. Petersburg), which is built around FOGs [5];

e the SINS-HRG system (in conjunction with the “Medicon” RPE, Miass), which is based on HRGs.
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Fig. 1. Typical hardware configuration scheme for SISNSs of modular design

In a generalized form, the hardware of SISNSs of modular design can be represented by a configuration
scheme shown in Fig. 1, where ¢, A are the geographical latitude and longitude, respectively, of the position of
an aircraft (A/C); Vg, Vy, Vy are components of the vector of A/C path velocity along the axes of the geo-

graphical moving frame; IMU is an inertial measurement unite; A® ., A® s A® _ are increments of the rotation

angles of an IMU based on ring laser gyros (RLGs) in the inertial space. When the IMU is built around FOGs,
components of the vector of A/C absolute angular rotational velocity along the IMU axes are output signals;

AV, ,AVy , AV, are increments of the components of the vector of apparent velocity along the IMU axes; V' is

the true airspeed; NC is a navigation complex. When analog accelerometers are employed, components of the
vector of apparent acceleration along the IMU axes are IMU output signals. Nonstandard components are
marked out by thick lines, and components having standard dimension-types are marked out by thin lines.
The IMU is regarded as a fault-tolerant module with the given number of sensors in the structure of a reconfigur-
able SISNS.

Figure 2 presents a typical configuration scheme of the math-based software (MBS) for SISNSs having
modular design, where the following is shown: FNP are flight-and-navigation parameters; SINS is a strapdown
inertial N'S; SEI are sensors of information that is external with respect to the SINS; ARF is an adaptive robust
estimation filter[6]; modules that are marked out by thick lines are developed for specific SINS sensors; unified
modules that make up MBS core are marked out by thin lines.
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The MBS is supported by the Linux modular real-time operating system and it is adaptable to SINSs built
around sensors that vary in the principle of operation. In the above MBS, provision is made for including a
digital terrain map. The employment of the object-oriented design technology has permitted us to carry out the
walk-through development of SISNS subsystems, namely: from algorithmic support to the math-based soft-
ware, from mathematical simulation to the natural experiment.
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Fig. 2. Typical configuration scheme of the MBS for SISNSs of modular design

Approaches to the unified signal processing, which have been implemented in SISNSs were aimed at solv-
ing the following problems: 1) at the stage of primary processing of sensor signals: digital filtering, localiza-

tion of and counteraction against outliers by the use of the X2 /9% combined goodness-of-fit test [6]; 2) at the

stage of second signal processing: distributed integration of SINS kinematic equations, estimation of and
compensation for sensor drifts from observations that are external with respect to the SINS, identification both
of the parameters of models of sensor errors and of the parameters of the ARF.

The employment of the object-oriented modular technology has made it possible to do the following: to
unify the hardware and math-based software for SISNSs based on sensors that differ in the operating princi-
ple; to reduce the time of creation and step-by-step updating of SISNSs; to raise the frequency of updating the
primary navigation information from 200 Hz to 1 kHz; to increase the order of the model of SINS errors from
9 to 24 parameters and to reduce, on this basis, the time of SINS initial alignment by half; to raise SINS accu-
racy characteristics in the autonomous mode no less than by the factor 4. This is corroborated by the results of
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testing the SINS-1000 system built around FOGs. Figure 3 shows the horizontal path of motion of the testing
laboratory when this path has been reckoned from SINS data. When we returned to the position of the initial
alignment, having regard to the compensation for estimates of sensor residual drifts, the SINS circular error was
no more than 500m (see Fig. 4).
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Fig. 3. Horizontal path of the testing-laboratory motion
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Fig. 4. Circular deviation of the SINS-1000 system from the position of the initial alignment

The research is supported by the grant of the Russian Foundation for Basic Research 14-08-0117a.

References

1.

Fedosov, E.A., Advanced Complexes of Airborne Equipment of Aircraft on the Basis of Integrated Modular Avionics
of the Second Generation, All-Russian Scientific-Technical Conference “Navigation, Guidance, and Aircraft Control”,
Moscow, Nauchtekhlitizdat, 2012, pp. 14 -17.
Chernodarov, A.V., Patrikeev, A.P., Korkishko, Yu.N., Fedorov, V.A., and Perelyaev, S.E., Software Seminatural
Development for FOG Inertial Satellite Navigation System SINS-500, Gyroscopy and Navigation, 2010, no 4, pp. 330 -
340.
Korkishko, Yu.N., Fedorov, V.A., Patrikeev, A.P., Chernodarov A.V., and Perelyaev, S.E., An Object-Oriented
Technology for the Integration of Navigation Sensors and its Implementation in the SINS-1000 Strapdown Inertial Sys-
tem Built Around Fiber-Optic-Gyros, 16th St. Petersburg International Conference on Integrated Navigation Systems,
St. Petersburg , CSRI Electropribor, 2009, pp. 18 - 27.
Chernodarov, A.V., Perelyaev, S.E., and Patrikeev, A.P., Flight Development of the Math-Based Soft-Ware for an
Inertial Satellite Navigation System Built Around a Three-Axis Monolithic Laser Unit, 20th St. Petersburg International
Conference on Integrated Navigation Systems, St. Petersburg, CSRI Electropribor, 2013, pp. 216 - 219.
Bilik, V.V., and Kovregin, V.N., Chernodarov, A.V., and Patrikeev, A.P., A Spatially Distributed Micronavigation
Sysstem for a Synthetic — Aperture Radar, 18th St. Petersburg International Conference on Integrated Navigation Sys-
tems, St. Petersburg , CSRI Electropribor, 2009, pp. 207 - 215.
Kolodezny, L.P., Chernodarov, A.V., Reliability and Engineering Diagnostics [in Russian], Moscow, Zhukovsky and
Gagarin Air Force Academy, 2010.

94



	A. Chernodarov1, A. Patrikeev2
	NaukaSoft Experimental Laboratory, Ltd., 6A, 8 March 4th St., 125167, Moscow, Russia,  


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


