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Анотація. В статті описано підхід до вирішення проблеми втрати зв’язку з підводними об’єктами 
внаслідок втрати сигналу GPS. Запропоновано метод вирішення цієї проблеми, а також перевірено 
його на доцільність використання. 
Аннотация. В статье описан подход к решению проблемы потери связи с подводными объектами 
вследствие потери сигнала GPS. Предложен метод решения этой проблемы, а также проверено его 
на целесообразность использования. 
Abstact. The paper describes an approach to solving the problem of communication loss with underwater 
objects caused by the loss of GPS signal. The method of solving this problem is proposed, and its feasibility 
for use was also tested. 

INTRODUCTION 
The exploration of the world oceans by mankind was started centuries ago. Today a wide variety of 

underwater vehicles and submarines of different classes and types are utilized. Many underwater vehicles and 
instruments are used for scientific research purposes. In experiments involving the exploration of Earth's 
geomagnetic field, the underwater boats are used as a stable platform for the targeted sensor hardware. They are 
also utilized with military purposes including: reconnaissance, communication, large scale environmental 
measurements, or general purpose exploration. 

Today special attention is focussed on underwater instruments which rely on the use of a GPS 
navigational system. But a problem that must be solved is when the GPS signal is lost. This paper presents a 
development approach for solving this problem.  

OUR APPROACH 
 A GPS system is the kernel of complex navigation used for modern submarines and underwater vehicles 

because of its unmatched accuracy and reliability. However the loss of satellite signals occurs often and they can 
remain lost for long periods of time. This can lead to potentially dangerous situations. Therefore we are investigating 
the possibility of providing increased reliability to modern submarine and underwater instruments navigation systems 
under in condition of intermittent GPS signals. Different filter approaches used to update Inertial Navigational Systems 
(INS) with intermittent GPS data are compared with our adaptive Kalman Filter approach.   

 To basic advantages of the Inertial Navigational Systems belong: continuity of object position-finding, 
absolute stability to noisy signal, independence of object manoeuvring.  

The fundamental disadvantage of Inertial Navigational Systems lays in such a thing: because of the 
instrumental errors on every step, the error of object position-finding is accumulated. It is shown on figure 1. 

 

 
Figure 1.  INS errors 
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Therefore the problem of INS signal correction in condition of GPS signal loss appears. With this 
purpose Attitude and Heading Reference Systems were proposed.  

In Attitude and Heading Reference Systems a great amount of filters can be used. They are filter of 
Wiener, algorithms RLS, LMS. However the most accurate method of state vector estimation is Kalman filter . 

For this filter realization a priori information about the cross-correlation matrixes of input signal and 
measured noises is needed. The main goal of Kalman filter is minimization of dispersion estimation of vectorial 
discrete casual process )(kx  that changes as follows  

 );()()()1( kvkxkkx +=+ φ   (1) 

where )(kφ  - transition matrix, )(kv  - casual vector.  
The algorithm of estimation on the basis of Kalman filter realizes the compatible model of INS and GPS 

errors for determination of current navigation parameters. However the first disadvantage of Kalman filter is that 
realization of calculable chart on this algorithm is difficult at large dimension of the state vector , and the second 
defect – is that in the real tasks a priori information about the input and instrumentation noises are set unexactly. 
It can cause the divergence of algorithm. That’s why its  modifications are mostly used. These modifications are 
named the adaptive Kalman filters [1,2].  

The propose approach is based on using adaptive Kalman filter. The structure of proposed AHRS is 
depicted on figure 2. 
 

 
Figure 2.  The structure of AHRS 

 

On the figure 3 the summarizing chart of adaptive filtration method is represented. Input discrete signal 
)(kx is processed by digital filter, in the result of what an output signal )(ky  is got. This output signal is 

compared with the model signal ).(kd Difference between them forms error signal ).(ke The task of the 
adaptive filter is to minimize the error of model signal. With this purpose, block of adaptation after processing 
each sample analyses the error signal and additional data from the filter, using the results of this analysis to adapt 
the parameters (coefficients) of filter. 
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Figure 3 . The chart of adaptive filtration 



 
 

 МЕТОДИ ТА СИСТЕМИ ОПТИКО-ЕЛЕКТРОННОЇ І ЦИФРОВОЇ ОБРОБКИ ЗОБРАЖЕНЬ ТА СИГНАЛІВ 

 53 

Offered method can be generalized by means of such executions sequence :  
1) The initial parameters of filter are calculated on the basis of GPS and INS information.  
2) During GPS signal loss its prognosis for to three coordinates (x, y, z) by means of extrapolation is 

done.  
3) Prognosed signal of GPS is fed on Kalman filter after what on the basis of INS data the calculation of 

auxiliary array of adaptive filter is made.  
4) After filtration the corrected values of coordinates (x, y, z) are got.  
The algorithm of proposed method is shown on figure 4. 
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Figure 4.  Algorithm of estimation AHRS data on the basis of adaptive Kalman filter 
 

Such method was realized as a program module. The results of program execution is shown on figure 5.  
 

. 
Figure 5.  The results of program execution 

 

The figure 5 shows that at time 370-400 seconds GPS signal was lost and based on adaptive Kalman 
filter AHRS errors are less than errors of INS.  
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CONCLUSIONS 

Analysing the existent problem of underwater instruments development in this article a new approach of 
INS data correction when the GPS signal is lost on the basis of AHRS that uses adaptive Kalman filter is offered. 
The algorithm of estimation on the basis of Kalman filter realizes the compatible model of INS and GPS errors 
for determination of current navigation parameters that allows to increase the accuracy and reliability of 
navigational systems. 

REFERENCES 

1. The adaptive filters: K.F.N. Cowen and P.M. Grant. -  Moscow:  Mir, 1988. – 392 p. 
2. Sergienko A. B. Adaptive filtering algorithms: features of implementation in MATLAB. //«Exponenta 

Pro», 2003, 1, p.18-28. 
3. Sven Ronnback, Development of a INS/GPS navigation loop for an UAV, Lulea Tekniska Universiteit, 

2000 
4. Yong Li, Andrew Dempster, Binghao Li, Jinling Wang, Chris Rizos, A low-cost attitude heading 

reference system by combination of GPS and magnetometers and MEMS inertial sensors for mobile 
applications, 

5. University of New South Wales, Sydney, NSW 2052, Australia Stelian Persa, Pieter Jonker, Multi-
sensor Robot Navigation System, Pattern Recognition Group, Technical University Delft, Lorentzweg 
1, Delft, 2628 CJ,The Netherlands 

 
Надійшла до редакції 14.11.2011р. 

 
ВАСЮРА АНАТОЛІЙ СТЕПАНОВИЧ – к. т. н., професор, директор Інституту автоматики 
електроніки та комп‘ютерних систем управління, Вінницький національний технічний 
університет, м. Вінниця, Україна. 
 
БОРЩОВА ІРИНА ПЕТРІВНА – аспірант кафедри АІВТ, Вінницький національний 
технічний університет, м. Вінниця, Україна. 


	Методи та системи оптико-електронної і цифрової обробки зображень та сигналів
	УДК 681.3:004.93
	В.П. Кожем‘яко, В.І. Маліновський, Р.М. Новицький, Р.Ю. Довгалюк0F(
	ВСТУП
	ЗАСТОСУВАННЯ МЕТОДУ KVP-ПЕРЕТВОРЕННЯ ДЛЯ ПОРІВНЯННЯ ЗОБРАЖЕНЬ
	ВДОСКОНАЛЕННЯ МЕТОДУ KVP-ПЕРЕТВОРЕННЯ ДЛЯ ПОРІВНЯННЯ ЗОБРАЖЕНЬ У РЕЖИМІ РЕАЛЬНОГО ЧАСУ
	СИНТЕЗ НЕЯВНО ВИРАЖЕНИХ ОЗНАК ТА МЕТОД “КЛЮЧА-ІДЕНТИФІКАТОРА” ДЛЯ ФОРМУВАННЯ ПРИКІНЦЕВОГО РЕЗУЛЬТАТУ ПОРІВНЯННЯ
	МАТЕМАТИЧНА МОДЕЛЬ МЕТОДУ ПОРІВНЯННЯ ЗОБРАЖЕНЬ НА БАЗІ KVP-ПЕРЕТВОРЕННЯ ПО ЯСКРАВОСТІ ЕЛЕМЕНТІВ ЗОБРАЖЕННЯ
	МОДЕЛЮВАННЯ ХАРАКТЕРИСТИК ПАРАЛЕЛЬНИХ МЕТОДІВ ЗОБРАЖЕНЬ У КОМП’ЮТЕРНИХ СЕРЕДОВИЩАХ MATHCAD ТА MATLAB
	ВИСНОВКИ
	СПИСОК ВИКОРИСТАНИХ ДЖЕРЕЛ
	УДК 681.3
	А.Я. Кулик,  С.Г. Кривогубченко, Ю.Ю. Іванов1F(

	ВСТУП
	СТРУКТУРА ТУРБО-КОДОВОЇ СИСТЕМИ
	МЕТОДИ КОДУВАННЯ ТА ДЕКОДУВАННЯ ТУРБО-КОДІВ
	ВИСНОВКИ
	СПИСОК ЛІТЕРАТУРИ
	УДК 681.32
	Семеренко В. П.

	Введение
	Постановка задачи
	Анализ сложности минимизации булевых функций
	Выбор метода булевой минимизации
	Булевы алгебры для задач сжатия изображений
	Машинноориентированный метод минимизации по картам Карно
	АЛГОРИТМ
	Воспроизведение сжатой информации
	Экспериментальные результаты
	Применение параллельной обработки при сжатии и восстановлении изображений
	Выводы
	Список литературы
	УДК 681.5.015
	Р.Н. КВЄТНИЙ, Я.А. КУЛИК2F(

	ВСТУП
	ПОСТАНОВКА ЗАДАЧІ
	ПОРІВНЯЛЬННЯ РЕЗУЛЬТАТІВ СТИСНЕННЯ ДАНИХ ТА СПОТВОРЕННЯ СИГНАЛУ
	(продовження таблиці 1)
	ВИСНОВКИ
	список літератури
	UDC 519.7
	A.S. VASYURA, I.P. BORSHCHOVA3F(

	Introduction
	Our approach
	Conclusions
	REFERENCES
	УДК 621.398:007
	А.А. Яровий4F(

	Вступ
	Мета дослідження
	ОПИС МАТЕМАТИЧНОЇ МОДЕЛІ ТА ПРОЦЕСУ ОРГАНІЗАЦІЇ ОБЧИСЛЕНЬ  У ПАРАЛЕЛЬНО-ІЄРАРХІЧНОМУ ПЕРЕТВОРЕННІ
	АНАЛІЗ ОСОБЛИВОСТЕЙ ПРОГРАМНОЇ РЕАЛІЗАЦІЇ  ПАРАЛЕЛЬНО-ІЄРАРХІЧНИХ ОБЧИСЛЮВАЛЬНИХ ПРОЦЕСІВ
	Висновки
	СПИСОК ЛІТЕРАТУРИ


<<

  /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 false

  /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 <>

    /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.)

    /RUS <>

  >>

  /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



