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In various fields of industry and ecology there is a need for diagnostics of individual components in 
multi-component aqueous mixtures. For example, it concerns the problems of identification and 
determination of concentration of each dissolved ion in technological and waste waters, control of 
the composition of the drinks, monitoring of nature waters. For successful solution of such 
problems it is necessary to elaborate new methods which should be: a) express - provide 
information in real time mode; b) non-contact – allow obtaining information remotely, without 
interference in the studied medium; c) they must have high selectivity in relation to each 
component of the complex mixture. 

Conventional chemical (analytical) methods provide a rather high accuracy of determination of 
concentration of ions – from units to hundredths of µg/l [1, 2]. However, these methods are 
contact, they are individual for each ion, they are time-consuming, and they require competent 
preparation of the samples and consumption of expensive reagents. Therefore, elaboration of 
express non-contact methods for determination of concentrations of substances dissolved in water 
is a very important task for ecological monitoring of coastal waters. 

These properties can be provided by laser Raman spectroscopy (RS) method. The possibility of 
using RS for diagnostics of the ion composition of a water medium arises from high sensitivity of 
the shape and quantitative characteristics of spectral bands to the type and concentration of 
substances dissolved in water [3,4]. Many complex ions (sulfides, sulfates, nitrates, phosphates, 
etc.) have their own Raman bands in the area of 300-2000 cm-1. Also, different ions (complex or 
simple) cause different changes in the position and shape of water Raman valence band. 
However, such a cooperative effect of various dissolved ions on the behavior of the water Raman 
valence band greatly hampers the solution of inverse problems of determination of parameters of 
the solution using traditional methods. Use of adaptive methods of data analysis, primarily, of 
artificial neural networks (ANN), provides selectivity of the methods and possibility of quantitative 
determination of the content of each component in the medium in presence of many other 
components [5]. 

The problem of determining the concentrations of dissolved substances by spectra belongs to the 
class of inverse problems that have a number of features, complicating their solution. The 
considered inverse problem, like most other inverse problems, is usually incorrect or at least ill-
conditioned, which makes it sensitive to the presence of noise in the input data. Despite the fact 
that ANN by themselves have the ability to work with noisy data, this may be not enough for 
inverse problems, because the incorrectness can "outweigh" the abilities of the network. 
Development of approaches to increase the resilience of problem solution methods to noise is an 
urgent task. 

In the previous study of the authors [6] it has been demonstrated on a model inverse problem that 
adding noise to the training set when training neural networks allows increasing the resilience of 
the ANN solution to noise in the input data. The purpose of the present study was to demonstrate 
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the applicability of this method for the inverse problem of determination of the concentrations of 
ions in multicomponent salt solutions. 

The problem considered in the present study was to identify by Raman scattering spectra and to 
determine the concentrations of 10 ions (Cl⁻, F⁻, HCO₃⁻, K⁺, Li⁺, Mg²⁺, Na⁺, NH₄⁺, NO₃⁻, SO₄²⁻) 
contained in a multicomponent solution of any combinations of the 10 salts (MgSO4, MgNO3, LiCl, 
LiNO3, NH4F, (NH4)2SO4, KF, KHCO3, NaHCO3, NaCl). The investigated solutions contained from 
1 to 5 of the salts in the concentration range 0 – 1.5 M (mol/l) with a step of 0.15-0.25 M. Excitation 
of the spectra was performed by an argon laser with radiation wavelength of 488 nm. For each 
solution, the spectrum was registered in 1824 channels in the frequency range of 565...4000 cm-1. 
The whole dataset that was used in this study contained 4445 samples. 

Thus, in this study we considered a multi-parameter inverse problem consisting in determination of 
10 parameters (ion concentrations) by 1824 input features (channel intensities). To reduce the 
output dimensionality of the problem, an approach was used in which a separate single-output 
ANN was trained for each determined ion, the so-called Autonomous determination. To reduce the 
dimension of the input, selection of significant input features was used. 

Two types of noise were considered in this study, additive and multiplicative, and two kinds of 
noise statistics: uniform noise (uniform distribution) and Gaussian noise (normal distribution). 

As a summary of this study, it has been demonstrated that adding noise to the training set when 
training neural networks allows increasing the resilience of the neural network solution to noise in 
the input data. This conclusion is valid for all ions, for all types and any statistics of noise. The type 
and statistics of noise added to the training set should coincide with those of the noise present in 
the input data when the ANN is applied. There is also an optimal level of the noise to be added 
during training, which also depends on the expected level of noise contained in the input data 
when the ANN is applied. 

ACKNOWLEDGEMENTS 
This study has been performed at the expense of Russian Science Foundation,  
grant no. 14-11-00579. 

The authors would like to thank S.A. Burikov, T.A. Dolenko, and K.A. Laptinskiy for conducting the 
experiment and for useful discussions. 

REFERENCES 
 

 

1  Crompton T.R. Determination of anions in natural and treated waters. Taylor & Francis, 2002, 
828 p. 

2  Michalski R., Jablonska M., Szopa S., Łyko A., Application of Ion Chromatography with ICP-
MS or MS Detection to the Determination of Selected Halides and Metal/Metalloids Species. 
Critical Reviews in Analytical Chemistry, 2011, V.41, pp.133-150. 

3  Rull F., De Saja J.A. Effect of electrolyte concentration on the Raman spectra of water in 
aqueous solutions. J. Raman Spectroscopy, 1986, V.17, No.2, pp.167-172. 

4  Dolenko T.A., I.V. Churina, V.V. Fadeev, S.M. Glushkov. Valence Band of Liquid Water 
Raman Scattering: Some Peculiarities and Applications in the Diagnostics of Water Media. J. 
of Raman Spectroscopy, 2000, V.31, No.8-9, pp.863-870. 

5  Efitorov A., T. Dolenko, S. Burikov, K. Laptinskiy, S. Dolenko. Solution of an Inverse Problem 
in Raman Spectroscopy of Multi-component Solutions of Inorganic Salts by Artificial Neural 



3rd Student Workshop on Ecology and Optics of Coastal Zones, 2017 3 

 
Networks. A.E.P. Villa et al. (Eds.): ICANN 2016, Part II. Lecture Notes in Computer Science 
(LNCS), 2016, V.9887, pp.355-362. 

6  Isaev, I.V., Dolenko, S.A, Training with noise as a method to increase noise resilience of 
neural network solution of inverse problems, Optical Memory and Neural Networks, 2016, 
V.25, No.3, pp.142–148 


	ACKNOWLEDGEMENTS
	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
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


