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Dual Weighted Multi-view Subspace Clustering

CAO Rong-Wei', ZHU Ji-Hua', HAO Wen-Yu', ZHANG Chang-Qing?, ZHANG Zhuo-Han', LI Zhong-Yu'

!(School of Software Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
%(College of Intelligence and Computing, Tianjin University, Tianjin 300350, China)

Abstract: In order to solve the problem of clustering multi-view data, many multi-view subspace clustering methods have been proposed
and achieved great success. However, they cannot well fix the following two problems. 1) How to leverage the difference between
different views to learn a shared coefficient matrix with high quality. 2) How to further enforce the low rank property of the common
coefficient matrix. To handle the above problems, an effective method dubbed dual weighted multi-view subspace clustering is proposed.
In detail, the coefficient matricesare first learned for each view by self-representation model, and then they are fusedinto a common
representation with a self-weighted strategy, finally weighted nuclear norm instead of nuclear norm is employed to approximate the rank
of the common coefficient matrix, so that the performance of clustering can be improved. An augmented Lagrange multiplier based
optimal algorithm is imposed to solve the established objective function. Experiments conducted on six real world datasets validate the
superiority of the proposed method.

Key words: multi-view subspace clustering; coefficient matrix; weighted; weighted nuclear norm; low rank
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MSC 0.9458(0.0038) | 0.9106(0.0116) | 0.9406(0.0071) | 0.2201(0.0169) | 0.9920(0.0007)
Olympics | WMSC | 0.9526(0.0076) | 0.9152(0.0260) | 0.9381(0.0152) | 0.1927(0.0306) | 0.9914(0.0023)
DWMSC | 0.9708(0.0060) | 0.9358(0.0010) | 0.9809(0.0065) | 0.0877(0.0234) | 0.9931(0.0010)

AHELF TSR MSC Tk, FLA IR MSC 78 25N B s 45 1 % T b S BUAS 17 B O 45 L. T A A
B MSC R FHAR A B AS [ 38 B R 8 2% o) B R UF O JL =250 B, 1531 TR R R4 . AL TR A A MSC 5
W5, RSCHTiRH ) DWMSC HUEBAFEIFRIRBHR, Wik 75l NInBSUZ e B ZVE, FIREE 7RIt
SRR, AT N E WM 2 IS R A BB, AR TN AN E SN ESE. BAE B iR
RESUG S RA fAA B HEAT 7 A — b 3. BSANEIEE EARFE A B E— 1A Al W 2.

DL Yale Face Z03 4 A6, K 3 REL 7 iZEdE4EHE T DWMSC k2= 3R H— b AR E, PLES—
MATE DWMSC Sk TR ISR, B NMI A1 ACC f8b5. BATAT LRI Z3E%E L5 2 MIUAMEL T 1
A3 MR BAEEIFRRERR, BELGRMT IR EM AN ERKRANE IR, 30 T 50 AL AT




BEH F RS AT EAREI B

FEME K 4 R T DWMSC KA Fh 7 325 AR DL 48 R i T ARAL 45 5, b, ARBUBE 4R FE S=|Z[+Z7). 3 Tk A
43 AR MSC. WMSC Fl DWMSC 53k B A ALLRE A B ] MR AL 45 5. 1R B &, DWMSC i HhiE 5 17 1 = [A]
KR ZZE 1, LR T FATH XU AL SR 1 10 2ohE

R2 HERNA KRR

|

MR M1 #m2 MA3 Wm4e MAS Wme MAT WM Mm9
3-Sources | 0.3324 0.3333 03343 - - - - -
Yale Face | 03045 0.3837 03118 - - - - - -

NGs 03307 03356 03337 - - - - - -
MSRCV1 | 0.1662 0.1663 0.1666 0.1667 0.1661 0.168 1 - - -
Texture-25 | 04815 0.1763  0.3422 - - - - - -
Olympics | 0.1056 0.1015 0.2008 0.0861 0.0958 0.0977 0.1005 0.1003 0.1117

1
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Kl 3 Yale Face %4 5 (1 AN R AL A KB B JE M fiE
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X3 BYL T DWMSC Hik 5 HAh I LA LE 6 A FEAEE IR 45 L szat g5 1. @t e n] LAfS 5

e XtF RMSC %%, DWMSC 7F T A SR 4 (1 & TN fa br R38R B ar i vERe. Hbh, RATHEE
76 NMI $845 2>t RMSC Bk 7 9.47%. FEZEH T DWMSC J7 % H UM BRIG5> 3 7 5
WA ARG A LR,

o SETMUUEESMEIM LM ERELRAMGL. MLAN. GMC)HItL, A SCHE H 107712 R % 56 17 1
R BAR & RS, Rk 7 S5 i R 28 e,

o WA I EDIMSC. LMSC. MLRSSC)H EL, FATE & Wiiehs L BALH, REX
S5y R FH R 7 S B, R AT AR I DU T B S AR RR R = R AU .

KL, XN Ll 2 SRS T AR ST & SN SR W R T BT R W A R

WMSC DWMSC
4 Yale Face 48 5 ¥ v 0 ACAH AL RE 56 B
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®3 O HSIG KRR

BRI 2022 5% 33 5% 2

EIEES 75 NMI ACC F-score AVG RI
RMSC | 0.6128(0.0077) | 0.5752(0.0140) | 0.5625(0.0102) | 0.8266(0.0198) | 0.8192(0.0045)
DIiMSC | 0.7323(0.0000) | 0.7929(0.0000) | 0.7429(0.0000) | 0.6358(0.0000) | 0.8761(0.0000)
AMGL | 0.5864(0.0390) | 0.6698(0.0396) | 0.5895(0.0371) | 1.0833(0.1088) | 0.7544(0.0408)
LMSC | 0.6744(0.0196) | 0.7059(0.0271) | 0.6465(0.0189) | 0.6843(0.0502) | 0.8528(0.0088)
3-sources MLAN | 0.6133(0.0000) | 0.7574(0.0000) | 0.6704(0.0000) | 0.8805(0.0000) | 0.8116(0.0000)
MLRSSC | 0.6464(0.0340) | 0.6722(0.0395) | 0.6412(0.0115) | 0.7722(0.1028) | 0.8475(0.0209)
GMC 0.6923(0.0000) | 0.6216(0.0000) | 0.6047(0.0000) | 1.0375(0.0000) | 0.7556(0.0000)
DMF 0.4788(0.0000) | 0.6213(0.0000) | 0.4943(0.0000) | 1.2001(0.0000) | 0.7678(0.0000)
DWMSC | 0.7830(0.0143) | 0.8448(0.0076) | 0.8133(0.0068) | 0.5611(0.0288) | 0.9050(0.0030)
RMSC | 0.6732(0.0121) | 0.6355(0.0140) | 0.5034(0.0153) | 1.2891(0.0562) | 0.9372(0.0023)
DIiMSC | 0.7432(0.0099) | 0.7141(0.0239) | 0.5836(0.0189) | 1.0227(0.0439) | 0.9470(0.0032)
AMGL | 0.6327(0.0171) | 0.5824(0.0372) | 0.3794(0.0242) | 1.5130(0.0767) | 0.9059(0.0104)
LMSC | 0.6606(0.0087) | 0.6356(0.0026) | 0.4953(0.0136) | 1.3374(0.0361) | 0.9367(0.0010)
Yale Face | MLAN | 0.6720(0.0000) | 0.6364(0.0000) | 0.4872(0.0000) | 1.2816(0.0000) | 0.9333(0.0000)
MLRSSC | 0.7130(0.0213) | 0.6857(0.0457) | 0.5467(0.0049) | 1.1489(0.0887) | 0.9411(0.0056)
GMC 0.6892(0.0000) | 0.6545(0.0000) | 0.4801(0.0000) | 1.2753(0.0000) | 0.9257(0.0000)
DMF 0.7823(0.0102) | 0.7462(0.0011) | 0.6025(0.0021) | 0.9143(0.0021) | 0.9501(0.0011)
DWMSC | 0.7939(0.0010) | 0.7576(0.0000) | 0.6589(0.0027) | 0.8234(0.0048) | 0.9568(0.0005)
RMSC | 0.5190(0.0077) | 0.5973(0.0062) | 0.5203(0.0040) | 1.1842(0.0091) | 0.7698(0.0039)
DIiMSC | 0.9359(0.0000) | 0.9740(0.0000) | 0.9500(0.0000) | 0.1500(0.0000) | 0.9801(0.0000)
AMGL | 0.8843(0.0597) | 0.9104(0.1176) | 0.8994(0.0905) | 0.2870(0.1716) | 0.9565(0.0426)
LMSC | 0.9122(0.0033) | 0.9729(0.0014) | 0.9463(0.0026) | 0.2040(0.0077) | 0.9787(0.0010)
NGs MLAN | 0.4599(0.0000) | 0.5920(0.0000) | 0.5300(0.0000) | 1.2540(0.0000) | 0.7662(0.0000)
MLRSSC | 0.5031(0.0106) | 0.6294(0.0213) | 0.5476(0.0022) | 1.2196(0.0452) | 0.7904(0.0154)
GMC 0.9392(0.0000) | 0.9820(0.0000) | 0.9643(0.0000) | 0.1413(0.0000) | 0.9858(0.0000)
DMF 0.2416(0.0001) | 0.4048(0.0000) | 0.2943(0.0002) | 2.0292(0.0067) | 0.7864(0.0000)
DWMSC | 0.9652(0.0000) | 0.9900(0.0000) | 0.9799(0.0000) | 0.0810(0.0000) | 0.9920(0.0000)
RMSC | 0.6683(0.0065) | 0.7640(0.0202) | 0.6527(0.0100) | 0.9385(0.0188) | 0.9020(0.0032)
DiMSC | 0.6830(0.0058) | 0.8038(0.0095) | 0.6821(0.0082) | 0.8981(0.0157) | 0.9102(0.0022)
AMGL | 0.7381(0.0254) | 0.7229(0.0648) | 0.6238(0.0522) | 0.8319(0.0964) | 0.8707(0.0275)
LMSC | 0.7003(0.0401) | 0.7906(0.0611) | 0.6816(0.0470) | 0.8494(0.1119) | 0.9101(0.0132)
MSRCV1 MLAN | 0.7619(0.0000) | 0.7524(0.0000) | 0.7193(0.0000) | 0.9293(0.0000) | 0.8638(0.0000)
MLRSSC | 0.6321(0.0246) | 0.7406(0.0225) | 0.6108(0.0079) | 1.0374(0.0669) | 0.8924(0.0055)
GMC 0.8200(0.0000) | 0.8952(0.0000) | 0.7997(0.0000) | 0.5155(0.0000) | 0.9434(0.0000)
DMF 0.2835(0.0006) | 0.4048(0.0000) | 0.2943(0.0002) | 2.0292(0.0067) | 0.7864(0.0000)
DWMSC | 0.8329(0.0000) | 0.9095(0.0000) | 0.8265(0.0000) | 0.4731(0.0000) | 0.9515(0.0000)
RMSC | 0.4031(0.0040) | 0.2680(0.0044) | 0.1663(0.0026) | 2.7820(0.0190) | 0.9325(0.0004)
DIiMSC | 0.4625(0.0121) | 0.3271(0.0125) | 0.2279(0.0103) | 2.5219(0.0551) | 0.9344(0.0017)
AMGL | 0.3848(0.0073) | 0.3678(0.0064) | 0.1680(0.0060) | 2.8832(0.0341) | 0.9283(0.0017)
LMSC | 0.5241(0.0213) | 0.3861(0.0203) | 0.2926(0.0206) | 2.2395(0.0972) | 0.9400(0.0020)
Texture-25 | MLAN | 0.3464(0.0000) | 0.2360(0.0000) | 0.1549(0.0000) | 3.0353(0.0000) | 0.9089(0.0000)
MLRSSC | 0.5114(0.0114) | 0.4000(0.0149) | 0.2814(0.0036) | 2.2788(0.0519) | 0.9370(0.0014)
GMC 0.3507(0.0000) | 0.2260(0.0000) | 0.1227(0.0000) | 3.1946(0.0000) | 0.8205(0.0000)
DMF 0.3511(0.0003) | 0.2382(0.0002) | 0.1364(0.0001) | 3.0667(0.0002) | 0.9242(0.0000)
DWMSC | 0.5435(0.0063) | 0.4096(0.0014) | 0.3042(0.0089) | 2.1510(0.0326) | 0.9408(0.0021)
RMSC | 0.8761(0.0030) | 0.7407(0.0104) | 0.7094(0.0010) | 0.4865(0.0150) | 0.9742(0.0009)
DIiMSC | 0.9406(0.0055) | 0.8945(0.0222) | 0.8899(0.0264) | 0.2267(0.0170) | 0.9897(0.0022)
AMGL | 0.9201(0.0159) | 0.8449(0.0423) | 0.7851(0.0613) | 0.3855(0.0989) | 0.9768(0.0083)
LMSC | 0.8924(0.0044) | 0.8170(0.0109) | 0.7885(0.0099) | 0.4316(0.0165) | 0.9805(0.0008)
Olympics MLAN | 0.8543(0.0000) | 0.7974(0.0000) | 0.6804(0.0000) | 0.6601(0.0000) | 0.9672(0.0000)
MLRSSC | 0.8528(0.0028) | 0.7643(0.0245) | 0.6108(0.0079) | 1.0374(0.0669) | 0.8924(0.0055)
GMC 0.8288(0.0000) | 0.7737(0.0000) | 0.5618(0.0000) | 0.8507(0.0000) | 0.9456(0.0000)
DMF 0.4091(0.0001) | 0.2608(0.0003) | 0.1668(0.0001) | 2.6152(0.0002) | 0.9274(0.0000)
DWMSC | 0.9708(0.0060) | 0.9358(0.0010) | 0.9809(0.0065) | 0.0877(0.0234) | 0.9931(0.0010)

3.3 HARTEIHREXTLE

FATVLEAR B )T B IR 0 R B AT T 30 RSB 5, Hd & T SM O ETEGABIE 4R 1351817 i
B, GRWE 4, NEHRANTUE L, EEEEEM@ RMSC. AMGL. MLAN)HI$AT 8RB % Lt 145 8 &
5 DIMSC+ LMS. MLRSSC. DWMSC)R i1, 2 Jif [R& il SRR 7 @i/, 1@ SARXT a5, 7T
BIFRREETD, WATE 6 NMdE4E EILT LMSC Ml DMF 5%, 78 3 M4 BT RMSC il GMC. 45 %
T, ZAHEMOIIEARERE FRE, AT 775 B E AR R e AR IE i, BARERAT S 1 )
B %, (RRBEAFRSEER R, XAGTE T — /N4 Rt — B
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® 4 AFEFVERIZATI A LB (AL 5)
pos
W AR - RMSC DiMSC  AMGL LMSC MLAN  MLRSSC GMC DMF DWMSC
3-sources 0.440 4 1.5101 0.100 3 372633  0.0680 0.276 8 0.916 5 39.528 1 2.579 1
Yale Face 0.476 8 12167 0.1056  57.5553  0.1483 0.1370 0.495 1 64.914 2 0.420 1
NGs 3.2823 10.4885 13372  60.5982  0.5358 24832 44711 72.587 29192
MSRCV1 0.840 3 1.3978  0.126 8 129318  0.1072 0.4309 3.1904  45.0742 2.578 4
Texture-25 20.798 5 80.5609 53634 1554672 1.1777 1.961 1 42889 466.8524 143691
Olympics 4.0352 8.0489 32513 2550917 0.2168 0.907 0 2.0676  72.773 8 6.299 0

3.4 BHIEE SIS

x5SR TAIRE NS LS HAh 8 N ELEEAE 6 MAREERE LS E. Hh, ik AMGL.
MLAN. GMC AFREIARSH, FIEA 5. Hahxd bR R G R 45 R M SR E. AR
KIJNEBINT 348 AL By A CHESES{0.001,0.01,0.1,1,10,100,1000} 71 36 36167 2 AR SIIAE. £ 5T
HOMSEANE, A CERIEES{0.1,0.5,1.5,2) FIEEL. # i Ws R B 0T LIAFR): 8 7E =2 i, DWMSC &
PAEANF B DR T RIS R, BT AR ZE AT DU 2N — ik,

x5 AREZENSHEE
HEtE  RMSC DiMSC LMSC MLRSSC DMF DWMSC

3-sources  A=1 25=0.1, Ay=0.01 K=100, =1  3=03, $=0.7, 2=03  p=0.1, =0.7 =1, p=10, =2
Yale Face  4=0.05 4s=0.001, 4,=0.1  K=100, 2=0.1  3=0.5, #=0.5, 2=0.3  =0.01, =0.1  =0.01, B=100, =2

NGs =0.1  2s=0.1, 1y=0.1 K=100, =1 =03, £=0.7, =07 p=0.01,=0.1  =0.1, f=1000, =2
MSRCVI  4=0.5  1s=0.01, Ay=1 K=100, 2=0.1  $=0.3, £=0.7, 2=0.3 =001, 3=0.1  1=0.001, /=100, =2
Texture-25  1=0.8  As=100, Ay=0.1  K=100, A=0.01  $,=0.3, 4=0.7, =0.5  =0.01,y=0.1  A=10, /=0.1, 3=2
Olympics  A=0.1 25=0.01, Ay=1 K=100,2=0.1  $=0.9, £=0.1, =03 =001, =0.1  A=0.1, =10, y=0.5

R, FATRT T HrI2H 00 DWMSC SAMSIGE . b T80k 7 B2, BATRAESS Sk ik
1, (HSCe 45 KRR TIiz50E A AE RSt B 5 BoR TIiz80EE A 6 D EuE 5 LRl 2.
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4 £ ®

ASCHR T — MO 2 AR TSR, RO XU 2 ML A 1 25 18] R R (DWMSC). 7SI T EZ o

USRI LAIX 70 AN RV AL P (9 iR I, 3277 3R P I ASAZ: i 50Ks 6 52 2 B0 B AN 1) 34 S (L I 7 AN R, i
= R BOE R SRR, DWMSC J5 3R AL I BURTZ G BB B2 48— 1 7S [ HESE o, Gl AE 6 AN
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