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Abstract. The orthogonal signal correction of Wold algorithm was introduced in 
this thesis, which was combined with the partial least square algorithm. Cali-
bration model of five components of benzene, methylbenzene, chlorobenzene, 
benzaldehyde and acetophenone in the mixed liquid samples were developed and 
validated by the method of independent . The result indicated that the calibration 
models of the components of benzene, methylbenzene, chlorobenzene and ben-
zaldehyde will be developed well after the 1-dimension OSC filter; while a good 
calibration model of the component of acetophenone will be acquired after the 
2-dimension OSC filter. 
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1   Introduction 

Near-infrared (NIR) spectroscopy is a kind of non-destructive [1], rapid [2] and envi-
ronmental friendly analysis method, with the characteristics of easy-acquirement op-
tical source, abundant spectral information and strong penetrability. NIR spectroscopy 
analysis has been applied in the fields of quality analysis of agricultural products [3-5], 
petrochemical industry [6], pharmaceutical analysis [7-9] and so forth. 

However, the high-strength and complicative background exists in NIR spectros-
copy analysis. With the characteristics of serious overlapping band, there are 
non-correlative information with the target component and the information of the in-
struments in NIR spectra, which will influence the precision of thecalibration model. 

The common multi-signal calibration methods have the risk of eliminating the in-
formation correlated with the specified values from spectra, which may decrease the 
precision of the calibration model. 
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The Algorithm of Orthogonal Signal Correction (OSC) was raised by Wold [10] in 
1998 firstly, which is a method of signal processing. The basic idea of OSC is that the 
non-correlative part of the spectral matrix (X) to the specified values matrix (Y) was 
eliminated by the mathematical method of orthogonality, after which, a new matrix 
Xnew was acquired. The calibration model will developed by the matrix Xnew, in 
order to acquire robust calibration model. Since OSC algorithm eliminated the or-
thogonal part of the specified values, the valuable information will be kept in spectra 
matrix, in addition, it may simplify the calibration model for the complicative system. 

After Wold raising OSC algorithm, many scholars raised the improvement to OSC. 
Tom Fearn [11] improved the OSC algorithm in 2000. Johan A. Westerhuis [12] et. al. 
raised the Direct-OSC algorithm. Robert N. Feudale [13] et. al. raised the Piecewise 
OSC algorithm. OSC algorithm has been applied in the calibration of NIR data  
successfully at present [14, 15]. 

In this thesis, OSC-PLS algorithm will be applied in the calibration model of the 
NIR spectra of 30 mixed liquid samples. The filtering effect of different dimension of 
OSC was compared. 

2   Experiment 

2.1   Instrument and Reagent 

Instrument: FT-NIR spectrometer (Spectrum One NTS, Perkin Elmer, U.S.); 
Reagents: Benzene (A.R.), methylbenzene (A.R.), chlorobenzene (A.R.), benzalde-
hyde (A.R.), acetophenone (A.R.). 

2.2   Procedure 

30 mixed liquid samples, including benzene, methylbenzene, chorobenzene, benzal-
dehyde and acetophenone, were made up. The information of the samples was shown 
in Table 1. 

The range of NIR spectra collected was 10000 cm-1 - 4000 cm-1. The air was  
regarded as reference in order to collect the background spectrum. 

Table 1. The information of the components in the liquid mixed samples 

 

2.3   Data Processing 
Software: Matlab v6.5, preprocessing and OSC-PLS program written by self. 

Calibration method: Independent validation, of which, 6 spectra selected according to 
the concentration gradient were regarded as the validation set for each component; 
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smooth by Savitzki-Golay (with the width of 5); data normalization method: SNV; 
OSC-PLS regression. 

3   Result and Discussion 

3.1   OSC Filter 

Take the specified values of benzene for example, Fig. 1A is the raw spectra of the 30 
mixed liquid samples in the range of 6200 cm-1 -5800 cm-1, which is the 1st overtone of 
C-H group. Centralization of the spectra was done, as is shown in Fig. 1B. 

   

A                                                                   B 

Fig. 1. The raw spectra (A) and the spectra after centralization processing (B) 

After the spectra having been processed of centralization, OSC filter with 1-, 2- and 
3-dimension was applied to the spectra data. The spectra after OSC filter were shown as 
Fig. 2. 

   

                            A                                             B                                              C 

Fig. 2. The spectra processed by OSC filter with the specified values of benzene, OSC dimen-
sion: 1(A), 2(B), 3(C) 

3.2   The Calibration Models of the 5 Components in the Mixed Liquid Samples 

Partial Least Square (PLS) regression was applied to the specified values of benzene 
and the spectra filtered by 1-, 2- and 3-dimension OSC with the specified values of 
benzene, the result of which was shown as Tab. 3, in which, R2

c represents the deter-
mination coefficient of the calibration set, while R2

v represent the determination  
coefficient of the validation set. 
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Table 2. The calibration result of benzene after 1-, 2-, 3-dimension OSC filter 

 

It can be seen from Table 2 that there is no remarkable difference among the results 
of 1-, 2- and 3-dimension OSC filter. The calibration after 1-dimension OSC filter had 
the enough precision. 

Fig. 3 is the correlation of the estimated values and specified values of the calibra-
tion set (A) and the validation set (B) of benzene after 1-dimension OSC filter. 
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A                                                             B 

Fig. 3. The correlation of the estimated and specified values of benzene, calibration set: A, 
validation set: B 

It can be seen from Fig. 3 that a high precision can be acquired for benzene after 
1-dimension OSC filter and PLS regression. 

The calibration result of the other 4 components after 1-, 2- and 3-dimension OSC 
filter and PLS regression were shown as Table 3. 

Table 3. The calibration result after each OSC filter 

 

In Tab. 3, NOSC represents the dimension of OSC filter, NC represents the dimension of cali-
bration model. 
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It can be seen from Table 2 and Table 3 that 1-dimension OSC filter is good for the 
components of benzene, methylbenzene, chlorobenzene and benzaldehyde since 
RMSEV is minimum among 1-, 2- and 3-dimension of OSC filter; while 2-dimension 
OSC filter is good for the component of acetophenone since RMSEV is minimum 
among the three dimensions of OSC filter but will not decrease when 3-dimension 
OSC filter being applied. 

4   Conclusion 

OSC-PLS algorithm was applied to benzene, methylbenzene, chlorobenzene, benzal-
dehyde and acetophenone in the mixed liquid samples in this thesis. The result indi-
cated that OSC is a good filter for PLS, which can extract the useful information  
efficiently and acquire precise calibration model. 

Acknowledgment 

This thesis is supported by National Science Foundation of China, No. 20575076. 

References 

1. Wu, G., Xiang, B.: Nondestructive Determination of MDMA and MA in Ecstasy by Near 
Infrared Spectroscopy. Journal of Instrumental Analysis 26(5), 689–701 (2007) 

2. Ye, S., Min, S., Qin, F., Li, N., Zhang, M.: Simultaneous Determination of Glucose, Fruc-
tose and Sucrose in Aqueous Solution by Near- infrared Spectroscopy. Journal of Instru-
mental Analysis 22(3), 89–91 (2003) 

3. Yang, C.l., Zhao, X., Chen, W., Tian, J., Li, D.: Analyses of Oil Content and Erucic Acid in 
Small Sample of Rapeseed by Near Infrared Reflectance Spectroscopy. Journal of Instru-
mental Analysis 26(1), 29–33 (2007) 

4. Xiao, X., Xie, X., Mao, X., Luo, W., Chen, J., Liu, Y., Li, X.: Determination of Protein in 
Milled Rice by Near Infrared Transmittance Spectroscopy. Journal of Instrumental Analy-
sis 23(4), 43–45 (2004) 

5. Li, J., Li, H., Liang, J., Wang, Z., Liu, W., Hou, J., Zhao, J., Gao, S.: Analysis of Ash, Total 
Volatile Acids and Total Volatile Bases in Tobacco with Near Infrared Spectroscopy. 
Journal of Instrumental Analysis 26(5), 655–657 (2007) 

6. Qian, P., Sun, G., Zhang, C.: A Novel Fuzzy Neural Network Method for Diesel Quantita-
tive Analysis with Near Infrared Spectroscopy and Spectral Analysis. Spectroscopy and 
Spectral Analysis 28(12), 2851–2854 (2008) 

7. Liu, M., Meng, Y., Ren, Y., Zhang, H.: Nondestructive Quantitative Analysis of Cofrel 
Medicines by Improved Partial Least Squares - NIR Spectroscopy. Spectroscopy and 
Spectral Analysis 27(6), 1098–1101 (2007) 

8. Fang, L., Lin, M.: Prediction of Active Substance Contents in Pharmaceutical Tablet Using 
ICA and NIR. Acta Chimica Sinica 66(15), 1791–1795 (2008) 

9. Zhao, W., Dou, Y., Tang, Z., Liu, F., Liu, M., Wang, Y., Ren, Y.: Determination of ci-
metidine in tablets by near-infrared spectroscopy and PLS. Chinese Journal of Analysis 
Laboratory 23(10), 85–88 (2004) 



 Study on the Near Infrared Model Development of Mixed Liquid Samples 597 

 

10. Wold, S., Antti, H., Lindgren, F., Öhman, J.: Orthogonal signal correction of near-infrared 
spectra. Chemometrics and Intelligent Laboratory Systems 44, 175–185 (1998) 

11. Fearn, T.: On orthogonal signal correction. Chemometrics and Intelligent Laboratory Sys-
tems 50, 47–52 (2000) 

12. Westerhuis, J.A., De Jong, S., Smilde, A.K.: Direct orthogonal signal correction. 
Chemometrics and Intelligent Laboratory Systems 56, 13–25 (2001) 

13. Feudale, R.N., Tan, H., Brown, S.D.: Piecewise Orthogonal Signal Correction. Chemom-
etrics and Intelligent Laboratory Systems 63, 129–138 (2002) 

14. Blanco, M., Coello, J., Montoliu, I., Romero, M.A.: Orthogonal signal correction in near 
infrared calibration. Analytica Chimica Acta 434, 125–132 (2001) 

15. Bertran, E., Iturriaga, H., Maspoch, S., Montoliu, I.: Effect of orthogonal signal correction 
on the determination of compounds with very similar near infrared spectra. Analytica 
Chimica Acta 431, 303–311 (2001) 


	Study on the Near Infrared Model Development of Mixed Liquid Samples by the Algorithm of OSC-PLS
	Introduction
	Experiment
	Instrument and Reagent
	Procedure
	Data Processing

	Result and Discussion
	OSC Filter
	The Calibration Models of the 5 Components in the Mixed Liquid Samples

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




