
28 10
2011 10 Control Theory & Applications

Vol. 28 No. 10
Oct. 2011

: 1000−8152(2011)10−1485−05

,

( , 116024)

: , ,
. ,

95% ; Bagging ,
, . UCI , G

, .
: ; ; ;

: TP751 : A

Hybrid algorithm for classification of unbalanced datasets
HAN Min, ZHU Xin-rong

(Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian Liaoning 116024, China)

Abstract: A novel hybrid algorithm of radial basis function neural network(RBFNN) integrated with the random forest
algorithm is proposed to improve the poor classification result produced by traditional algorithm in classifying minor class
of unbalanced datasets. Firstly, random interpolations are inserted between adjacent data in the minor dataset to balance
the data distribution. Receiver operator characteristics(ROC) with degree of confidence less than 95% are considered the
redundant characteristic and are deleted. The input data are perturbed by the Bagging technique. Radial Basis Function
Neural Network is employed to be the basic classifier in the random forest. The fusion of decisions and the outputs are
determined by the vast majority of votes. This method is applied to UCI dataset. The precision of G-mean and the area
under the ROC demonstrate the improvement of the accuracy in the classifications of medium-size unbalanced and large-
size unbalance class data sets.

Key words: imbalanced data; random forest; radial basis function neural network(RBFNN); receiver operator charac-
teristics(ROC)
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brid algorithm of random forest and RBFNN)
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1 RF+RBFNN

Fig. 1 Hybrid of RF and RBFNN algorithm
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4 (Simulation and analysis)
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Ada+B RUSBoost
, , 3 .

, 3 UCI 7
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, Vehicle0 FH+GBML+LTR AUC
, Segment1 RUSBoost AUC ,

,
AUC 3 , Glass3

, AUC FH+GBML+LTR
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1 12 UCI
Table 1 The 12 UCI datasets used in the experiment comparation

: : (IL)

1 Diabetes tested-positive: tested-negative 34.84: 66.16 1.90 —
2 Credit-G bad: good 30.00: 70.00 2.33 V4, V10, V11, V15, V18
3 Vehicle0 opel: remainder 25.06: 74.94 2.99 —
4 Hepatitis Diel: Live 20.64: 79.36 3.84 V9, V10, V16
5 New-thyroid2 hyper: remainder 16.28: 83.72 5.14 —
6 Ecoli3 pp: remainder 15.48: 84.52 5.46 V1, V4, V5, V7
7 Segment1 brickface: remainder 14.26: 85.74 6.01 V3
8 Ecoli4 Imu: remainder 10.88: 89.12 8.19 V4, V5
9 Glass3 ve-window-float: remainder 8.78: 91.22 10.39 —
10 Glass5 containers: remainder 6.07: 93.93 15.47 —
11 Abalone9-18 18: 9 5.65: 94.25 16.68 —
12 Abalone19 19: remainder 0.77: 99.23 128.87 —

2 9 UCI G

Table 2 The comparation of G-means among 9 UCI datasets used in different algorithms

Ada+B [14] Chi3+AIS [15] FH+GBML+LTR [16] CO2RBFN [17] RF+RBFNN+ROC

Diabetes 1.90 59.32 68.34 74.57 — 72.6834
Credit-G 2.33 53.75 — — — 79.0769
Vehicle0 2.99 55.41 71.60 73.09 — 74.4094
Hepatitis 3.84 62.86 — — — 89.243

New-thyroid2 5.14 — 93.40 94.01 98.01 98.5915
Ecoli3 5.46 — 89.42 88.26 93.14 93.75
Glass5 15.47 — 86.09 86.33 — 97.9798

Abalone9∼18 16.68 — 59.18 74.28 75.34 73.913
Abalone19 128.87 — 55.15 67.64 70.18 77.1788

— 57.853 80.8393 84.7100 84.1657 88.5033

3 7 UCI 4 AUC
Table 3 The comparation of AUC among 7 UCI datasets used in different algorithms

(IL) Ada+B[14] FH+GBML+LTR[16] RUSBoost[18] RF+RBFNN+ROC

1 Diabetes 1.90 77.66 74.5 — 79.1
2 Credit-G 2.33 75.67 — — 83.2
3 Vehicle0 2.99 86.13 92.88 83.59 90.7
4 Hepatitis 3.84 83.46 — — 94.1
5 Segment1 6.01 — 99.04 99.64 99.1
6 Ecoli4 8.19 — 90.90 93.20 94.9
7 Glass3 10.39 — 59.65 76.20 82.6

— — 81.23 83.394 88.1575 92.2875
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5 (Conclusions)
RF+RBFNN

,
,

, ,
.

,
,

, SMOTE ,
.

,
,

. ,
SMOTE ,

.

(References):

[1] KUBAT M, HOLTE R C, MATWIN S. Machine learning for the de-
tection of oil spills in satellite radar images[J]. Machine Learning,
1998, 30(2): 195 – 215.

[2] MAZUROWSKI M A, HABAS P A, ZURADA J M, et al. Train-
ing neural network classifiers for medical decision making:the effects
of imbalanced datasets on classification performance[J]. Neural Net-
works, 2008, 21(2/3): 427 – 436.

[3] , . [J]. , 2002,
6(3): 253 – 254.
(ZHU Wei, SHEN Yukun. An analysis of breast cancer discovered
through census[J]. Chinese Journal of Disease Control Prevention,
2002, 6(3): 253 – 254.)

[4] SUN Y M, KAMEL M S, WONG A K C, et al. Cost-sensitive boost-
ing for classification of imbalanced data[J]. Pattern Recongnition,
2007, 40(12): 3358 – 3378.

[5] SUN A X, LIM E P, LIU Y. On strategies for imbalanced text classifi-
cation using SVM: a comparative study[J]. Decision Support Systems,
2009, 48(1): 191 – 201.

[6] RASKUTTI B, KOWALCZYK A. Extreme rebalancing for SVMs:
a case study[J]. Newsletter of the ACM Special Interest Group on
Knowledge Discovery and Data Mining, 2004, 6(1): 61 – 69.

[7] YEN S J, LEE Y S. Cluster-based under-sampling approaches for
imbalanced data distributions[J]. Expert Systems with Applications,
2009, 36(3): 5718 – 5727.

[8] BAE M H, WU T, PAN R. Mix-ratio sampling: classifying multiclass
imbalanced mouse brain images using support vector machine[J]. Ex-
pert Systems with Applications, 2010, 37(7): 4955 – 4965.

[9] CHAWLA N V, BOWYER K W, HALL L O, et al. SMOTE: syn-
thetic minority over-sampling technique[J]. Journal of Artificial In-
telligence Research, 2002, 16(2): 341 – 378.

[10] BREIMAN L. Random forests[J]. Machine Learning, 2001, 45(1):
5 – 32.

[11] BRADLEY A P. The use of the area under the ROC curve in the eval-
uation of machine learning algorithms[J]. Pattern Recognition, 1997,
30(7): 1145 – 1159.

[12] LAM L, SUEN C Y. Application of majority voting to pattern recog-
nition: an analysis of its behavior and performance[J]. IEEE Trans-
actions on Systems, Man and Cybernetics–Part A: Systems and Hu-
mans, 1997, 27(5): 553 – 568.

[13] BLAKE C L, MERZ C J. UCI repository of machine learn-
ing databases[OL/DB]. 1998. http://www.ics.uci.Edu/ mlearn/MLR–
epository.html.

[14] , , .
AdaBoost [J]. , 2008, 44(21): 217 – 221.
(GUO Qiaojin, LI Libin, LI Ning. Novel modified AdaBoost algo-
rithm for imbalanced data classification[J]. Computer Engineering
and Applications, 2008, 44(21): 217 – 221.)

[15] FERNANDEZ A, DEL JESUS M J, HERRERA F. On the influence
of an adaptive inference system in fuzzy rule based classification sys-
tems for imbalanced datasets[J]. Expert Systems with Applications,
2009, 36(6): 9805 – 9812.

[16] FERNANDEZ A, DEL JESUS M J, HERRERA F. On the 2-tuples
based genetic tuning performance for fuzzy rule based classifica-
tion systems in imbalanced datasets[J]. Information Science, 2010,
180(8): 1268 – 1291.

[17] PEREZ-GODOY M D, RIVERA A J, FERNANDEZ A, et al. A pre-
liminar analysis of CO2RBFN in imbalanced problems[C] //Proceed-
ings of the 10th International Work-Conference on Artificial Neural
Networks. Berlin, Heidelberg: Springer, 2009: 57 – 64.

[18] SEIFFERT C, KHOSHGOFTAAR T M, VAN HULSE J, et al. RUS-
Boost: a hybrid approach to alleviating class imbalance[J]. IEEE
Transactions on Systems, Man and Cybernetics–Part A: Systems and
Humans, 2010, 40(1): 185 – 197.

:
(1959—), , , ,

, E-mail: min-

han@dlut.edu.cn;

(1986—), , ,

.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


