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The main destination of image processing (IP) in non-destructive testing (NDT) is 

the revelation of representative “semantic structures” in test-object, for example the expo-
sure of defect map of this object.. In doing so, many insignificant and even undesirable 
details of initial image (so-called “semantic noise”) can be lost. Procedures of IP can be 
subdivided into analytical ones in which direct problems are solved and synthetical ones 
in which inverse and as a rule ill-posed problems are solved. “Analytical” computerized 
diagnostics (CD) calculates some characteristics of test-object which though gave useful 
information but were only “fragments of whole”, whereas “synthetic” CD represent the 
semantic structure as whole. Advantages of synthetic or “holistic” representation of in-
formation on objects for their testing and control in comparison to representation in the 
form of a set of aspects are evident and huge. In particular, it was convincingly shown in 
development of computerized tomography (CT) and “synthetic” CD which has arisen 
after it, with wider possibilities than in prototypal CT. As to “analytical” CD, its intensive 
development began at once after occurence of the first electronic computer. The majority 
of existing now CD systems (not only in NDT but also in many other areas, for example 
in computerized psychology) remain still to be “analytical” ones. 

The solution of synthetical ill-posed problemes demands the aprioristic information. 
The most natural way to this is the purposeful and regular use of basic holistic properties 
of test-object at a stage of reconstruction [3, 4, 2]. For this intention an unified mathe-
matical apparatus was developed, which allows systematize the generating of hypotheses 
(i.e. synthetic aprioristic assumptions) as well as their testing. Especially, such fundamen-
tal holistic property of object is its self-similarity incl. the similarity between “whole” and 
“parts” was used. What is more, it is a morphological property which gives well into ma-
thematization. A group-theoretical approach [3, 4, 2] was used for classification of 
different semantic structures in initial image, in the same manner as F. Klein applied in 
XIX century the group-theoretical ideology to comparative analysis of different geome-
tries (Das Erlanger Programm, 1872). The essentially new step in the proposed approach 
was the landing “bridge” between mathematical statistics and group theory. Invariant 
properties of “semantic structures” (so-called structural invariants or invariants of 
automorphisms of the “key group” which is responsible for this structure) were 
considered systematically as statistical hypotheses and there were developed adequate 
mathematical techniques for their evaluation. In the case of space filtering the key group 
is the group of local symmetry which is introduced as type characteristics of the structure 
and acts in the framework of “geometry in small” [3, 4]. It is a Lie group, in degenerated 
cases is a finite group. Different non-linear and statistical in nature multiple measures of 
similarity between “wholes” (as well as measures of diversity) are introduced. They can 
be interpreted as generalized backprojections [1]. The mathematical approach to 
morphological resonance is considered and on this basis methods of morphological 
analysis of different structures (for example, images) are proposed. Procedures of 
situational pattern recognition which allow to unmask constituents of semantic structure 
are elaborated. 



In the developed IP a key group is used for construction of synthetic group-
theoretical statistical filters., essentialy more powerful than traditional “analytical” ones. 
This, in turn, allows to perform morphing or aimed reconstruction of test-object. The re-
sult of morphing is well-adjusted to human interpretation and manipulation, can be easily 
“translated” into the language of human imaginative thinking. Of course, it is quite ade-
quate to inquiries of modern NDT. 

On the basis of this approch already dozens of practically important problems were 
solved. Some of these solutions [2] are supposed to be considered in this lecture. 

 
References: 

1. Baranov V.A. A Variational Approach to Non-Linear Backprojection / “Computerized 
Tomography”, coll. of papers, Editor-in-Chief: M.M. Lavrent’ev, Utrecht, the Netherlands, 1995. – 
P. 82–97. 

2. Ewert U., Baranov V., Borchard K. Cross-sectional imaging of building elements by new 
non-linear tomosynthesis technique using imaging plates and 60Co radiation” / invited paper in “NDT 
& E International”, 1997 Elsevier Science Ltd., Vol. 30, N 4. – P. 243 – 248. 

3. Baranov V., Ewert U. A group theoretical approach to ill-posed problems” / Book of ab-
stract to 3-d international scientific conference “Computer Methods and Inverse Problems in NDT 
and Diagnostics” (СМ NDT – 2001), Moscow, 2002. – P. 11–12. 

Baranov V., Ewert U., Redmer B. Tomographical visualisation of zones of crack formation 
in components of nuclear power stations, Bulletin of the Tomsk Polytechnik University, 2008, Vol. 
312, N 2. – P. 299–311. 


	References:


<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


