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Weighted Low Rank Subspace Clustering Based on 4 Norm

FU Wen-Jin, WU Xiao-Jun

(School of Internet of things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: In order to solve the problem of over-sparsity for within-class coefficients and over-density for between-class coefficients in
SSC and LSR, this paper proposes a new subspace clustering based on Euclidean distance using 4 norm. Using the weighted method
based on Euclidean distance, the coefficient representation obtained by this algorithm maintains the connections of the data points from
the same subspace. Meanwhile, the algorithm can eliminate the connections between clusters. The clusters can be produced by using the
spectral clustering with the similarity matrix which is constructed by this coefficient representation. The results of experiments indicate
the presented method improves the accuracy of clustering.
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X AN [ 1) 5 2 ).
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Fig.1 Influence of parameter o for the accuracy of clustering, other two parameters n=5, 1=0.01
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Table 1 Parameters of all algorithms
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Fz1 HHENSHEE

iSRS GLSC SSC LRR LSR1 LSR2

YaleB(5) n=5, 2=0.0001 a=100000 A=2 1=0.4 1=0.4
YaleB(10) n=5, 2=0.01 a=100000 =3 1=0.004 1=0.004
AR(10) n=6, A2=0.00008 a=1000000 A=2 A=0.0007  2=0.0004
AR(20) n=6, 2=0.00001 a=1000000 A=6 A=0.0004 A=0.006

MNIST n=4, 1=0.4 a=6 4=0.002 A=15 A=10

USPS n=4, 2=0.05 =1 1=0.03 =130 =150
Hopkins115 (2 motions) n=9, 2=0.0001 a=800 A=4 1=0.0046  1=0.0048
Hopkins115 (3 motions)  n=10, 2=0.000001 =800 =4 A=0.0046  1=0.0046

4.1 ANREEEIE

AATFE YaleB I AR A #ede £ B0 E 503 1007 R0k 2 A8 YaleB #odie 2 BB HCGHT 5 /S RIET 10 AR

X GEAT S5, 53 A 320 TR 640 K I F AR KU H AT 50 A 55

50 At AN NA 26 5kE AL

FEPINBRAR B A B v o T SL Y YaleB Hudl 22 F R 28 18] 73 HI4E 55 7E AR Hodli £ 1 JRATTEHUAT 10 4
AT 20 A NIRRT B 52560 3 2 A (16 4% B AR R AT 10 DO ICF 15 21,

Table 2 Accuracy and NMI of clustering on face databases (%)
F2 AFSEENGEE S BRI TR (%)
" % GLSC SSC LRR LSR1 LSR2
£

Hate | AR AC NMI AC NMI AC NMI AC NMI AC NMI
YaleB 5 98.75 96.24 | 83.12 70.00 | 83.44 7036 | 90.00 77.29 | 91.25 79.37
10 93.91 90.31 | 65.94 57.51 | 61.56 54.58 | 68.80 5991 | 72.19 64.40
AR 10 93.46 92.31 | 76.62 70.18 | 77.31 70.44 | 73.62 70.83 | 74.54 71.75
20 80.25 82.71 | 71.79 73.62 | 70.44 7555 | 65.69 74.13 | 71.03 71.56

MR 2 AT LLE H:GLSC E AR s 4 b 2R SRR L S mir AT I S B R AR B AR v UG
1F YaleB Z#4E b 24k 5 AN 04 10 A A S 56 1 ,GLSC H LSR2 A 7.5% 32 T H 2 4 A 6t 232712 10
AN SR ARSI, L LSR2 7 21.72% M2 - AE AR Bdi 4 b, IR L 10 A0 AR S50 1 GLSC (152
WEHIZ L LRR A 16.15% 42 TF. 24 AT G 42 T+ 31 20 AN, 55 SSC M EL, f 8.46% 4T 4% L BTk, GLSC £k
NGB 5 A R R R
42 FEHFHRELR

RSB HR 4R P IR USPS 23R 4EF1 MNIST B4 AT S IS 10 A5 5.(0~9). t TE 4T
FEARBUR % BT LAAE USPS %4 45 1 B AT BB R BT 100 5K B R, 26 1000 5K Bl F 3E47 5256 4 MNIST %%
P AE B FRATEBEEA WL HT 50 5K B F 4L 500 7k B 3T 9206036 3 R S M RVEETF S SRS LR
BRI,

Table 3 Accuracy and NMI of clustering on handwrite databases (%)
R 3 AFSEET ST R4 BRI (%)
el GLSC SSC LRR LSRI LSR2
AC NMI AC NMI AC NMI AC NMI AC NMI
MNIST | 72.80 66.69 | 63.60 61.54 | 61.20 5592 | 60.20 57.17 | 59.20 57.42
USPS 83.00 82.63 | 46.60 41.88 | 71.00 67.50 | 70.60 68.01 | 68.80 66.66

MK 3 ] DR T I SR AE T 5 BT S 4R R AR R (0 2R 2R R E e S e Ath SR S S VR A L
GLSC SR B B R A8 MNIST #0445 I ,GLSC Lt SSC A 9.2%[M = Ft. W4, 7 USPS #ddE L. 5
LRR L 7E R MIHERS B - ,GLSC 7 12% K38 TF. 8 LT ik, GLSC 7 F 5 3 A4 48 LA BT R 28R

3 FIRAE MNIST H¥adE L, FS5H AT 3L B 3(a)& " MNIST $dE4E -, F 5 $7 1 B o 4.
3(b)& 7~ GLSC [WE 45 Ao A1. B 3(b)yh, A7 5] el (¥ 5 = 2 7 Bl 20 IR .
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Table 4 Segmentation errors of clustering on the Hopkins 155 database (%)

F 4 ARFIERE ) EEE F R R (%)
Aleorith 2 motions 3 motions
rithm:
gorms B i Bt iR
GLSC 243 0 5.00 0.22
SSC 1.9 0 5.10 1.09
LLR 3.64 0.22 9.43 8.7
LSR2 3.19 0 6.62 1.99
H

M 4 AT LG HFER N2 3 0 #) | ,GLSC 45 73 26 L SSC 1 0.53%;H & 1E 3 Mz gl 40 #) | ,GLSC
b SSC A 0.1%38 T+ IF HAE B PE M L, ,GLSC R 0.22%, A5 — & WA .
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Fig.4 On different databases, the influence of two parameters on GLSC algorithm
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Table 5 Computing time of different algorithm on different databases (s)

RS BEIEEA LGS LRI AT N (s)
HE P -
YaleB USPS Hopkins 155
GLSC 12.81 55.73 2.99
SsC 8.25 38.67 1.98
LRR 2.9 33.51 1.46
LSR 0.03 0.15 0.02

M AT LUE H,GLSC I ) 52 2% B2 45 . 28 3 (12) P B A Bl md 40 o 22 oF 5100 07 7 0 K O HLSKR P Iy



3356 Journal of Software #4% 33 Vol.28, No.12, December 2017

T 38 SR R S 2% o(n ) m A B RSB

5

K, GLSC LIS AT I ] L AbF 4544

HRE

ASCHI L 2 JEHT B — b T K PR B 8 1 HL A 2 80 AR 128 1) SRR B i SR AR AR E R — 75

() B b o ) 3B 2R P ) i/ AN [] 1 25 1) 500 e 2 T (R 0B 3R, O HLAE 2 A Bt 4 B IS T 4 I SR RAR (B 2
GLSC Sk I 18] 5 2% FE A i, I H 0 Tk — N8l 1 ,GLSC SRR 1% Kb o B0 B 75 22 B N SR 306 4541 A
VEAE IR TR S22 P88 B BT DR e A S ik — b Ak

References:

[11 Wang WW, Li XP, Feng XC, Wang SQ. A survey on sparse subspace clustering. ActaAutomatica Sinica, 2015,41(8):1373-1384
(in Chinese with English abstract). [doi: 10.16383/j.aas.2015.¢140891]

[2] Vidal R, Ma Y, Sastry S. Generalized principal component analysis (GPCA). IEEE Trans. on Pattern Analysis and Machine
Intelligence, 2005,27(12):1945-1959. [doi: 10.1109/TPAMI.2005.244]

[3] Rao S, Tron R, Vidal R, Ma Y. Motion segmentation in the presence of outlying, incomplete, or corrupted trajectories. IEEE Trans.
on Pattern Analysis and Machine Intelligence, 2010,32(10):1832—-1845. [doi: 10.1109/TPAMI.2009.191]

[4] Lu L, Vidal R. Combined central and subspace clustering for computer vision applications. In: Proc. of the 23rd Int’l Conf. on
Machine Learning. New York: ACM Press, 2006. 593-600. [doi: 10.1145/1143844.1143919]

[5] Favaro P, Vidal R, Ravichandran A. A closed form solution to robust subspace estimation and clustering. In: Proc. of the IEEE
Conf. on Computer Vision and Pattern Recognition. Colorado Springs: IEEE, 2011. 1801-1807. [doi: 10.1109/CVPR.2011.
5995365]

[6] Elhamifar E, Vidal R. Clustering disjoint subspaces via sparse representation. In: Proc. of the IEEE Int’l Conf. on Acoustics,
Speech and Signal Processing. Dallas: IEEE, 2010. 1926—1929. [doi: 10.1109/ICASSP.2010.5495317]

[71 YanJ, Pollefeys M. A general framework for motion segmentation: Independent, articulated, rigid, non-rigid, degenerate and non-
degenerate. In: Proc. of the European Conf. on Computer Vision. Berlin: Springer-Verlag, 2006. 94-106. [doi: 10.1007/
11744085_8]

[8] Goh A, Vidal R. Segmenting motions of different types by unsupervised manifold clustering. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition. Minneapolis: IEEE, 2007. 1-6. [doi: 10.1109/CVPR.2007.383235]

[91 Hu H, Lin Z, Feng J, Zhou J. Smooth representation clustering. In: Proc. of the IEEE Conf. on Computer Vision and Pattern
Recognition. Columbus: IEEE, 2014. 3834-3841. [doi: 10.1109/CVPR.2014.484]

[10] Elhamifar E, Vidal R. Sparse subspace clustering: Algorithm, theory, and applications. IEEE Trans. on Pattern Analysis and
Machine Intelligence, 2013,35(11):2765-2781. [doi: 10.1109/TPAMI.2013.57]

[11] Liu G, Lin Z, Yan S, Sun J. Robust recovery of subspace structures by low-rank representation. IEEE Trans on Pattern Analysis
and Machine Intelligence, 2013,35(1):171-184. [doi: 10.1109/TPAMI.2012.88]

[12] Lu CY, Min H, Zhao ZQ, Zhu L, Huang DS, Yan S. Robust and efficient subspace segmentation via least squares regression. In:
Proc. of the European Conf. on Computer Vision. Berlin: Springer-Verlag, 2012. 347-360. [doi: 10.1007/978-3-642-33786-4_26]

[13] Chen J, Zhang H, Mao H, Sang Y, Yi Z. Symmetric low-rank representation for subspace clustering. Neurocomputing, 2016,173:
1192-1202. [doi: 10.1016/j.neucom.2015.08.077]

[14] WangJ, Yang J, Yu K, Lv F, Huang T, Gong Y. Locality-Constrained linear coding for image classification. In: Proc. of the IEEE
Conf. on Computer Vision and Pattern Recognition. San Francisco: IEEE, 2010. 3360-3367. [doi: 10.1109/CVPR.2010.5540018]

[15] Lu C, Feng J, Lin Z, Yan S. Correlation adaptive subspace segmentation by trace lasso. In: Proc. of the IEEE Int’l Conf. on
Computer Vision. 2013. 1345-1352. [doi: 10.1109/ICCV.2013.170]

[16] Li B, Lu CY, Leng CC, Jin LB. Robust low rank subspace clustering based on local graph Laplace constraint. Acta Automatica

Sinica, 2015,41(11):1971-1980 (in Chinese with English abstract). [doi: 10.16383/j.aas.2015.c150031]



L FORT 4 A R T Z IR & 3357

[17] Candes EJ, Li X, Ma Y, Wright J. Robust principal component analysis? Journal of the ACM (JACM), 2011,58(3):11. [doi:
10.1145/1970392.1970395]

[18] Abdi H, Williams LJ. Principal component analysis. Wiley Interdisciplinary Reviews: Computational Statistics, 2010,2(4):433-459.
[doi: 10.1002/wics.101]

[19] Xu]J, Xu K, Chen K, Ruan J. Reweighted sparse subspace clustering. Computer Vision and Image Understanding, 2015,138:25-37.
[doi: 10.1016/j.cviu.2015.04.003]

[20] Liu B, Jing L, Yu J, Li J. Robust graph learning via constrained elastic-net regularization. Neurocomputing, 2016,171:299-312.
[doi: 10.1016/j.neucom.2015.06.059]

[21] Costeira JP, Kanade T. A multibody factorization method for independently moving objects. Int’l Journal of Computer Vision,
1998,29(3):159-179. [doi: 10.1023/A:1008000628999]

[22] Peng X, Yi Z, Tang H. Robust subspace clustering via thresholding ridge regression. In: Proc. of the AAAI. Austin: AAAI 2015.
3827-3833.

[23] Cai D, He X, Han J. Document clustering using locality preserving indexing. IEEE Trans. on Knowledge and Data Engineering,
2005,17(12):1624-1637. [doi: 10.1109/TKDE.2005.198]

[24] Georghiades AS, Belhumeur PN, Kriegman DJ. From few to many: Illumination cone models for face recognition under variable
lighting and pose. IEEE Trans. on Pattern Analysis and Machine Intelligence, 2001,23(6):643—-660. [doi: 10.1109/34.927464]

[25] Martinez AR, Benavente R. The AR face database, 1998. Technical Report, Computer Vision Center, 2007.

[26] Hull JJ. A database for handwritten text recognition research. IEEE Trans. on Pattern Analysis and Machine Intelligence, 1994,
16(5):550-554. [doi: 10.1109/34.291440]

[27] LeCun Y, Bottou L, Bengio Y, Haffner P. Gradient-Based learning applied to document recognition. Proc. of the IEEE, 1998,
86(11):2278-2324. [doi: 10.1109/5.726791]

[28] Tron R, Vidal R. A benchmark for the comparison of 3-d motion segmentation algorithms. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition. Minneapolis: IEEE, 2007. 1-8. [doi: 10.1109/CVPR.2007.382974]

b A 325 % ik

[11 FERT AN m ], F i Fe 7 R R 0k H 316 %2 4R,2015,41(8):1373—1384. [doi: 10.16383/j.a25.2015.c140891]

[16] A=, 5 A7 el , v IV 46 e 5 i 3 Jd 30 e oy 35 o J07 240 oA 190 5 B IR R 2 R TR 2K T 125 A 8 4 22 4,2015,41(11):1971-1980. [doi:
10.16383/j.aas.2015.¢150031]

(1992 —), 5 VT AR kA Bt 2 KNEA967—), B M+ B kS
R FTATI BT, A i,CCF 2 B, B0 0 A5 B i
=1 | - LV ML S R R e, 2 0 4 0 i

et REL.




<<
  /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


