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AR T AH N I R AE T AR R, AR B AR A R A
B, 128 IR ERE D W LR 72 [ R £
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Ao a] SR e s R R B 2 A |,
PRy 1 J2 i 5 4 8] 2R 2657 (sparse subspace
clustering ) Ik % 26 7R %) (low rank representation) , 7E
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t-SVD, $2 Y — il 57 30 13 5 a5t 0 4, B K A%
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1.1 #S

e X XA x R Ik SRR AN R, =B
kit Xe R " fy Y] n] DUE B R E — AR 51k,
B XCiyey:) XCoyy o) B XCey e k) S8 BIRTRER 0 A
K B AT YL FEE kAN ETE YDA X LA
0 XY= X1y, k) SR XA ZE S ik [ A2
JE R B — A B A ARAT B X k) Xy : k) F
X(i,j, ) KRR R | 74 B2 SR 4R R 3 454k,
X=i(X,[ 1,3)Fmikdt X U3 bt (4 5Lt Az
B, K28l X=ifft (X, [ ],3). unfold (X)=
(XD XP o X0 | R X B JRTT, His 8
fold (unfold ( X) ) = X,

1.2 F&HA

EX 1 (KREIGHER)KE Xe R ™"
YGRSy
X(l) X(/l3) X(/lrl) X(Z)
2) B L 3)
beire( X) = X( X( X(: . X(

X(.”” )C";'” X(";'z) X;”

(1)

EX2 (KEH)AEHF AcR"™™H Be

R s MEATRY ¢ B AxB (xR ik m By TR, 43¢
[@]) J& n, xn, xn, 4ER5KE, B
AxB=fold(bcirc( A) xunfold( B) ) (2)
EX 3 (KEFEE) A X2 n xn, xn, iR,
W HAE BN X e R v BN X B8R4 1E mb A ik
TG SRIGHE 2 B ny WP EEIHES 54 B S 1Y) A,
EX 4 (Hfigka) sk e R "2 i E A
BTV /& nyxn, 4509 SRR B 7 AR T Y] R R
RN N KIS R VA S
EXS5 (IEsCHKE) K Xe R "2 ZIEEHY,
LB ST Y
X'xX=XxX"=1 (3)
EX 6 (f-Xffski) ki Qe R "™ iy 4
BB IE T B BT A B B4 Q FRAE f-X ki
EX T (5K SVD) A A KR Xe R > g
(AT AR TR N X=UxSx V', Hrp UV H R
IEACHK &, S J& [~ Xk,

EX 8 (HT 1-SVD Wik EILE) A A Kk E X
e R s HgusoE N

n3 min(ny,ny) n
IXI . =21X"1.= X
k=1 i=1

318000k
(4)

RV g i 22 o (o B AR i, A T T U) R AT S

AL St X0 = U« 8 5 VT IR,

2 ETHXBHKESRETFZEREE

B X =[x, ,x,,,x,] e R "V REHEHE R, Hh
{x,,i=1,2, NI & D EWFEARR &, T HEE S
RARBNEAT2 0P B — P RFoRER Z .

min R(Z) +AL(X,XZ) ,

st X=XZ+E (5)
Hi Z=1z,,2,,,2y] e R &2 Fos M FRH
M, Bz, ,i=1,2, - NI RMFEAR (x,,i=1,2,--- N}
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BOR( - ) FRIENME T, A S BRI 45 2 A5 57 38 3 1) 48
SR, BB TFREMFRERE Z )5, 3 TR ERICE
FAEFE(CIMEB ([ Z |+ [Z ") 72) 854 Hom A TSR
FAEP T LA B R,

BAR IR RAERR S HUS 2 N B R 45 2, (E A
TR B . DR rT AR SCRR [ 10 ] 42 4 A b 2
Z R 7, (5) AT LT 2 EDE

Z(gli;l(v)é (R(ZV)Y+A,L(X" ,X"Z"))

s.t. XW=XWZW+E™  v=1,2,--,V  (6)
Horp X 2R E©Y 4 Feos O E B T2 Rl 3R
IR R R 2E A, A2 PR A B 40 R A ST o B i =
BV IRLEIE, AR, A = ST 2 i A
, Z0mg 1 AN Ta] A0 ] 9 SR IBeE | F2oRk F A AL 1]
T B2 [ s AN A 5K 1 R A TRk 5K i I AR Y
SR Pz ), S 78 A Z B AL ] A B R

2.1 RHMUESR

TSGR 3K B 24038, 31 AT KA it e
SRR T T 1 0, B — A T A
XAAE ) 0 G B T 24 1 5 W I B 9
SR P T2 W FR B 4% T, OF FLG 46 R
VL] B ARG | 35 1 24 SR 21-22 ] efof
AR L,

12 .=2¢6,12,1 . (7

M
/E\ZEP ’Em %ﬁﬁ , ?ﬂ%,@ fm >0 H 2_'|§’” =1 , ZcR Iyxlyx--xly
= M Bk 1A m BRI R Z, /0 Z, = un-
foldm(Z) c R Ly} (LoD X1, xxlyy) [23-24] . gK%*z;ﬁ%ﬁgg
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Jit bR AR T A A AT I A% i 2
AR Z IR TE K (6) , o F AL T 22 TUREAT Fe KA
FARUEN 29 AL B | H bR sRECR AN -

v E(z) 2'
min || Z| *—A;exp(— ” 5 2””)

z() E(v) g
s.t. XW=X"ZW4EY | v=1,2,--,V  (8)
z:‘\If(Z(l> Z(Z) Z(v))

Hrip W - )8R 20 8 NxNxV 1=
Frake Z, ikl 1 s,

XTF Ebr Rt (8) , (7)) Ak Z e
¥, 20 (8) Bk 1L Ky

M v
min 3, [ Z, | .-Zesp(~

z(v) E()m=1
Sy, =050 Fe R I £, 2

530(6) AR, EERE,ZY R o MM T
B2 1M Z,, 2T m BRI AR

2.2 fRAKBELIZIT

M Z, 5 Hbr B ARG, B LI %
HESCHR[ 22 1 RBIA M A B & G, i & Z,,
IrEs ok

M v

Z(E‘I)l'l;l(f)ngl’ym || Gm || h_v;exp(_ 20‘2 )

s.t. G,=Z,, m=1,2,-- M, (10)
XV=X"ZV+EY v=12,-V
ZZW(Z“) Z(2) Z(V))

F(10) ASE TRtk I H Bk

() 2
| E™" || %
207

) (9)

IE™ |

i M
L#(Z“) 5”.’Z(‘/> ;Gl "“5GM): "12:‘1%" || Gm || ®
% || X(n) _X(n)Z(v) || 2 M
zexp(— A (ﬂ 12,-G, |l 1+
v=1 20’ m=1 2

(a,.Z,-G,)) (11)
Hrpp RIEESISEL (-, - ) REMNBER,
SRR B H I+,

) AR A, FE B e AL AR T REAELE R
AT (11) BYTERTR A

(i) i id Fenchel 3L35 255

MR SCHR[ 25 ], 4
¢(z)=z-zIn(-z) (12)
i S EOR I AR 2 5 Bk
exp(—x)=sup | zx-¢(z) | (13)

W (0/0z2) (zx—@(2) )= x+In(=2) =0, L A] AT 2IFE 2=
—exp(—x) AR F (13) B FRAE
T IR, SIAm R p, SRR (11) i i
fEALEE 5
v ” X(v) _X<1')Z(v) ” i
fZ.p.G,,a,)=2(p, -

207

¢(p,))-

3 (22,6, |3+(a,.2,-G,)) (14)
1A LR 5700, LA B AW 1A
AZ.p.G,.a,) = Tr [(X-XZ)P (X-X2)"] - 3 (&

1z,-G, || ;+{,,Z,-G,)) (15)
[A]R(10) #E4E M T
M
, max, fZ.p.G,,a,)-2y, IIG,|. (16)
(ii) BCU iEfCEE
TERRRGEA R R — AN & 16 H A AR & A
R R HEOHTE , ELAAR M T
p"' =argmax f(Z' ,p,G, ,a,,) (17)
14

1+l _ . 7 il ' ' 7 _£ |2
Z —dr?;%dx<vzf(z ’p ’Gm’am>9z Z’> 2 ||Z Z ”F

(18)
H VA - )RS Z BRI L RS Z A%
V£ (Z,p"") I RS AW, Z =2 + 0
(Z'-Z"") BHE R o' e [0,1] BFME, GBS FI H
BCU JiRif 2o fbm ™ |
B R —UAEAC, F i R Oy S A A
(1) KT p . WHTSCHTIER, Y 2= —exp ()
B, AT A 3128 (13) i R, I, 7R p 1)
] LR A5 3
pﬁ+1:—exp(—W2Z”F), Vi=1,2,--.N (19)
20
PR (19) R T, Kol A5 2 B4 B 306 B 4 SRR AR
PR R AR, P2 SR S R —
REAR TR S0 L, D)L o 7 4 B B A K I S T, X
FESLTHBR T 5 (M S s
(2) RFFI L ZY X F 5 45 [B) 2R 4 B
ZY SRR .
A=V, A(Z p* G ), L=L" , X(18) T LB

w[(X-XZ)P(X-XZ)"]+ i (%tr[(Z,H—G;)"'(Z,”—

Giﬂ ) ] +tr[ a:ﬂ T( ZIVL _G;L ) ] )
= [ XPX"-XPZ'X"-XZPX"+XZPZ'X" ]

a M T T ot 2 ¢ T 2 t Tt
+ z [7tr(Z’"Z"l_2Z’nGlﬂ +7a"l an _7ar" G’n) ] (20)
m=1 2 M /-L
£ (20) i Z Jooknya, 2 (20) AT LAE BT R AR R
argmax tr[ A"(Z" -Z") ] —étr[ (2 -2z -

z( =0
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£Z<U)TA+Z(U)TZ(U) _Zz(v)TZ(v)l)
L

L
Sargmax——tr(
zin=o 2

<:>arggmin VAR AR —2Z“')T(Z<V>‘+LA) ]
z() =0 L
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2

N Y OIS
Sargmin- 1z -(Z +LA) ||F (21)
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B2 R (21) EEMIER N H1 4 BUEEIRI RS
Blla g FEAEL LS BAHL
min > | 2B ||} (22)
7202 Yale 165 3 11
A o N YaleB 640 3 10
,ﬁ\qj,Bzz(”)#LtVZf( Z'.p"',G o), W, ik T
L ORL 400 3 10
A I X I 2F [ Z Gens B A g ok COIL-20 1440 3 20

(3) Rfg i Z. Xt T H Z, i E R
R ICE B 2 R
zZ* <*Z<”>
UHAG L AR BT 2 0, AT UE R —IK Z,
(4) RfFT I G, WP SCHE[10], G, W LLEE
B, EARA RIS R,

G, =argminv, |G, | .+%12,-G, |}+(a, .Z,-G,)

(23)

=prox;, (G, +a,,) (24)

Jfr B, = T WEACBIE S prov) (L) =

Umax(S-8,,,0) V' - 8IBIE,L=USV" ZHFFE L1
A AR (SVD) | JF AR ROTE T,

(5) KT o, AR o, BT AF(25) B

a, =a,+(Z,-G,) (25)

(iii) S E

AR, B e e (18) P& 2
AR B, 5 B R A R R L RO (E AR o RO,
FER BB R A PR O N

MAEEZMZ, A

IV AZ)-VfZ) |,

= | p,mi (Z,-2,)+2(X'XZP-X"XZP) | ,

= | uM(Z-Z)+2X"'X(Z-Z)P || ,

<|2X'X|l,12-Z|l,|P],

=12X"X ||, I P, Z-Z | , (26)
WL = [ 2X'X ||, 1P, Hrb,PEXMITEEp
(R F B, XHAMEEA R AR SR [ 25 ] BB A

Lz—l
o'=min| @' 5, T (27)
Hrp s, <1 BHUEHER,0' = (7, -1)/7,,F
1
=17, =5 (1+.,/1+472,) (28)

KA (8 ) HO At BTN 1 iR
3 L5 9

TE 4 A EUGE S B LLSE 5, FH ke I e 42 10
HITERE , £145 Yale B4 97 YaleB £4#54E | ORL
Kl COIL-20 BHi 4k, Seil G WL K 2 Firow , geit
BAERMER 1 b,

Yale' F/R1ZE0HE H 70 HR G KA M 3, ¥ K 15 4
NS FEARTA A S S HDE IR R A9 A A 11 5K e
%, 3165 KE A,

PR YaleB® Fn iz B 4in 42 W 15 38 N, TEAS[H]
WEIA R A R 2 64 AT RIS, 5 HAL TAEIRL, R
HUAT 10 ZETF RIS | B 640 5k 1F 1 SR E A .

ORL® F/niZEHE 4 145 40 NI A2 m
FIEMEA 10 5k, X EHGUR e R RIFAER Y, 766
WL TS A A RIS 400 0 (Aan s BB ) 3 ATy T A4 3 1Y
EZINSE e

COIL-20* FR/RiZ 54 5 9 45 20 Fhxt 42, A xF
SHE 72 WRE A3 1440 KBS, VL 32x32 B E 4
BRI T 1 R AR R IR E SR 256,

o M B
L g e

K2 4 A EHREAED T (A BB KK T Yale,
P YaleB ,ORL Fl COIL-20)

3.1 BRERIERK

IAE R 2 BTy AR e A K-l 5505
SRAVERE T A ThR HE 135 2R R A B e A R 26
SR W RS AT 50 WK TR A bR ifE 2
HAE T RIS R, 5 TMVSC-MCC 5 PLT e se
HER T AT LU

SPC,,, " A ARG R B AL E R R R K
MIRRF, LRR,,, "l FHARRR 24 SRR R 5 e A Sl
FIRFE . RTC SR AT 3K & 6 R BUR, X 5 (2L
HEMEYE, FeatConcatey, ™ B T 47 40 I % 45 i
SR R B 53 BB REAE 4E B2 08/ 81 300, Co-Reg
SPC St RSB AT A 1Ak, AR AR N 14 45
SEAFREAY RSP B . Min-Disagreement ™' ; JEAH
ERT R SZ LAY, ConvexReg SPC™ . R T A
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PP AT R 2 ), RMSC ;o 2 52 il IR Bk 54 7% while NS do:
WERHE R HE AT VR 2 A B, 4 T R RS, PCA+ for T LA do
LRRI™) 4 W B R, IR R P 40 40 B R pe AR (19)
PRI AER 2 300, 28 )5 I H BIMIRER R R 97k o 2 — R PE(22)
SRR A 6 FhPEAL HE AR R T RS RE, 2 end for
S A TEAE 8 (NMI) BB (ACC) iR 124 T Z AR (23)
IS (AR) F 5380 ( F-score) &4 & ( Precision) I for 5 do -
AR (Recall ), F F X L1547 , 28 55 %8 AR BB G, —HHE(24)
FARAE, WA BT, A 0 0 Y B T o, AL (25)
TR EIARRUEE . A 4 D54 L X RT A HeAs end for
BT i S EOR E B dEE 1 m=min(rm,maxm) EHHSE m;
ANFETRTE 4 BB LRy an R4 R an KA || Z2,-G, || .<e;
2 ~ 5 PR, A B a5 S IR R end while
B 1 TMVSC-MCC &k Wi S= LY (12 [+ 207 |) 4La A E T A
A 427 )] .Sk % S L D = v ( + ) 5 B
A AFIEAERE X | 2 g, MEBRIKLK o=
N % ! 1.
W2 = =2V = 030, = =y =0;G, == TR
G =0:m=10"%:7=1: W IR R N FH TR FIAERE S5
M ) ’ ’ i,ﬁ?"l" %%Qi%()
e=107 ;max, = 10* SR
22 TE Yale BiusE L iygh
T NMI ACC AR F-score Precision Recall
SPC, ... 0.653+0.010 0.617+0.029 0.441+0.010 0.476+0.010 0.456+0.012 0.494+0.011
LRR,,, 0.698+0.112 0.696+0.001 0.516+0.003 0.548+0. 008 0.528+0.004 0.564+0.005
RTC 0.606+0.014 0.593+0.015 0.372+0.045 0.413+0.011 0.383+0.004 0.442+0.026
FeatConcate gy 0.664+0.036 0.577+0.039 0.397+0.010 0.433+0.012 0.420+0.011 0.449+0.010
PCA+LRR 0.631+0.007 0.583+0.040 0.354+0.008 0.395+0.007 0.359+0.008 0.442+0.009
Co-Reg SPC 0.649+0.001 0.563+0.001 0.435+0.003 0.467+0.001 0.456+0. 005 0.492+0.004
Min-Disagreement 0. 644+0. 006 0.616+0.044 0.432+0.007 0.471+0.005 0.445+0. 006 0.495+0.005
ConvexReg SPC 0.674+0.022 0.612+0.034 0.445+0.033 0.502+0.029 0.475+0.031 0.533+0.030
RMSC 0.683+0.032 0.641+0.033 0.457+0.045 0.516+0.042 0.501+0. 044 0.534+0.045
TMVSC-MCC 0.706+0. 000 0.703+0.000 0.464+0.000 0.585+0.000 0.522+0. 000 0.570+0. 000
3 1EYJE YaleB BUHELE OS5 S
Tk NMI ACC AR F-score Precision Recall
SPC, . 0.361+0.017 0.365+0. 060 0.226+0.017 0.304+0.012 0.297+0.011 0.311+0.011
LRR,,,, 0.624+0.003 0.614+0.014 0.452+0.003 0.407+0.005 0.482+0.021 0.510+0.002
RTC 0.372+0.000 0.361+0.001 0.216+0. 004 0.292+0.002 0.286+0.004 0.295+0.001
FeatConcatePCA 0. 153+0. 004 0.233+0. 006 0.070+0.003 0.162+0.003 0. 157+0. 000 0.163+0.003
PCA+LRR 0.569+0. 006 0.570+0.011 0.401+0.002 0.464+0.001 0.434+0.003 0.496+0.001
Co-Reg SPC 0.152+0.002 0.225+0.001 0.067+0.000 0.161+0.001 0.156+0.002 0.163+0.002
Min-Disagreement 0.187+0.004 0.243+0.019 0.089+0.002 0.182+0.000 0.175+0.000 0.190+0.001
ConvexReg SPC 0.164+0.023 0.217+0.018 0.073+0.013 0.163+0.011 0.164+0.011 0.164+0.012
RMSC 0.158+0.020 0.211+0.014 0.061+0.015 0.156+0.013 0.152+0.011 0.160+0.014
TMVSC-MCC 0.675+0.000 0.628+0.000 0.456+0.000 0.470=0. 000 0.483+0.000 0.510+0. 000
F 4 7E ORL HdlifE L4 R
DiRS NMI ACC AR F-score Precision Recall
SPC,.. 0.883+0.003 0.725+0.024 0.654+0.006 0.663+0.006 0.609+0. 004 0.727+0.004
LRR, ., 0.894+0.005 0.772+0.002 0.723+0.021 0.696+0.003 0.702+0.000 0.755+0.000
RTC 0.793+0.002 0.600+0.001 0.449+0.003 0.464+0.003 0.387+0.031 0.580+0.002
FeatConcatepcy 0.836+0.003 0.674+0.027 0.563+0.011 0.573+0.011 0.533+0.012 0.623+0.007
PCA+LRR 0.866+0.002 0.751+0.032 0.651+0.008 0.657+0.006 0.623+0.008 0.695+0.009
Co-Reg SPC 0.852+0.004 0.714+0.001 0.601+0. 005 0.614+0.001 0.566+0.003 0.665+0.005
Min-Disagreement 0.875+0.001 0.747+0.050 0.655+0.003 0.662+0.003 0.614+0.003 0.717+0.002
ConvexReg SPC 0.882+0.012 0.733+0.032 0.667+0.033 0.675+0.034 0.629+0.040 0.730+0.031
RMSC 0.871+0.011 0.721+0.024 0.643+0.030 0.653+0.029 0.606+0.032 0.708+0.028
TMVSC-MCC 0.895+0.000 0.773+0.000 0.744+0.000 0.704+0.000 0.712+0.000 0.829+0.000
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#5  7E COIL-20 Btk - myah i
WikeS NMI ACC F-score Precision Recall
SPCy .. 0.807+0.007 0.662+0. 062 0.618+0.019 0.641+0.016 0.595+0.022 0.691+0.014
LRR,.,, 0.828+0.007 0.762+0.002 0.720+0.021 0.733+0. 005 0.635+0.002 0.752+0.001
RTC 0.774+0.003 0.655+0.022 0.544+0. 000 0.567+0.004 0.523+0.001 0.621+0.002
FeatConcatepg, 0.811+0.004 0.702+0. 045 0.634+0.011 0.655+0.010 0.613+0.014 0.703+0. 007
PCA+LRR 0.833+0.005 0.769+0.032 0.717+0.008 0.731+0.012 0.626+0.003 0.740+0.010
Co-Reg SPC 0.764+0.002 0.561+0.001 0.567+0. 004 0.592+0.001 0.557+0.002 0.626+0. 003
Min-Disagreement 0.788+0.003 0.660+0. 053 0.598+0. 006 0.620+0. 004 0.580+0. 006 0.667+0.002
ConvexReg SPC 0.814+0.024 0.692+0. 046 0.648+0.056 0.667+0. 050 0.623+0.072 0.721+0.034
RMSC 0.802+0.017 0.684+0. 046 0.636+0. 045 0.654+0.043 0.621+0.056 0.699+0. 025
TMVSC-MCC 0.903+0. 000 0.782+0. 000 0.758+0. 000 0.772+0. 000 0.665+0. 000 0.920+0. 000
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Tensor Multi-view Subspace Clustering via Maximum Correntropy Criterion

ZHOU Nan?

Abstract ; Multiple views can describe data information comprehensively and appropriately , which makes the research on
multi-view subspace clustering (MVSC) algorithm more popular. This paper proposes a new multi-view subspace cluste-
ring algorithm, called tensor multi-view subspace clustering via maximum correntropy ( TMVSC-MCC). Our method
treats the subspace representation matrix of all views as a third-order tensor. By imposing low rank constraints on a ten-
sor and introducing maximum correntropy criterion, the proposed model fully exploits high-order correlation information
between views,and eliminates the impact of noise in multi-view data. Due to the non convexity, the accelerated block co-
ordinate descent algorithm can solve the problem effectively. We make comparative experiments on four image datasets,
and the results show that the proposed algorithm is superior to the other nine clustering algorithms.
Keywords : maximum correntropy criterion ( MCC) ; tensor; multi-view; block coordinate descent; clustering



