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Incomplete multi-view clustering based on multi-level self-representation
constraints

CHEN Mei®, MA Xue-yan, QIAN Luo-xiong, ZHANG Jin-hong, ZHANG Chi
(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730000, China)

Abstract: The existing incomplete multi-view clustering methods have some problems, such as failing to make full use
of the potential information of missing views, and failing to make full use of the complementary information and high
order correlation among views. In this paper, a new incomplete multi-view clustering method based on multi-level self
representation constraints (CMLC) is proposed. The CMLC uses the common latent representation to recover the
missing value and thus effectively obtain the latent information of the missing part. In order to obtain a unified low-rank
representation of multi-view data, the CMLC first captures the consistent information within the multi-view data and the
complementary information between views through multi-level self-representation constraints. At the same time, it uses
multi-level error representation to improve the robustness of the model against noise, and then captures the higher-order
similar information between views through the logarithmic tensor. Finally, the distance regular term is introduced to
capture the local information of the data. The results show that the CMLC has the best clustering performance compared
with nine methods on six imperfectly simulated multi-view datasets with different miss rates.

Keywords: incomplete multi-view clustering; consensus representation; tensor log-determinant; low rank tensor;

incomplete data; tensor analysis
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100leaves® 3 100 1600 64/64/64 A ER

Scene-15 3 15 4485 20/59/40 5K

LandUse-21 3 21 2100 20/59/40 PREEG
Uci_digits* 3 20 2000 64/76/216 FEF
Noise_Data 3 3 300 2/2/2 —

E: 1 https://cam-orl.co.uk/facedatabase.html;
2 http://qwone.com/ jason/20Newsgroups/;
3 https://gitee.com/zhangfk/multi-view-dataset;
4 http://archive.ics.uci.edu/dataset/72/multiple+features.

2) X b7 i AR SLIE B 9 AN SR 2 T VA R B
T3V, 2 B30 FR G R D0 SR A0 3. AR SR R 1
(accuracy) JH—1k EA5 B (NMI) F1 44 (purity) Sk 7
RGN, H A AR bR U R, B, A
AR Y CLMC 7V IS5 6 [ %€ 90.000 1, xS
Bk # N {1075,1074,1073,1072, 10", 102, 10,
10%}. %t T Fr 3 55925, i F k-Means S I IG A — €

1, B S 56 35 4T 30 IR k-Means, H 10 3 PEAT FE AR
RSO
42 LWHERSHH

245 T CMLC 550 b 77 vk AE F sz 2 41 ]
A G T SR R A DO e - O SR
PIC (perturbation-oriented  incomplete  multi-view
clustering)'?), DAIMC (doubly aligned incomplete multi
-view clustering)!'3], BSV (best single view)!'®) MIC
(multi-incomplete view clustering)!!”!, TCIMC (tensor
completionbased incomplete multi view clustering)'®!,
TTGL (tensorized

generalized

topological graph learning for

incomplete multi-view  clustering)!'],
HCPIMSC (high order correlation preserved incomplete
multi-view subspace clustering)?’], HCLS _CGL (highly
confident local structure based consensus graph learning
for incomplete multi-view clustering)?*!), LSGMC (multi
view subspace clustering via low-rank symmetric
affinity graph)/?2.

M2 HTE 1 AT BLAG H R 461

1) BSV 7E jr A3 #0456 b i) R I AC T HoAth J7
V2. X3 WY T R b i 5 e R AL T 2 TR Dl R R L A AL
P B 5 A 15 S DA B R T 1D 8 B A5 BT A A 22
25 L. o Ro6F L D7 72 CMLC #8738 3o AN ) 7 =0k
SRAN P[] 7 LA SRR BN R A (5 B R
A B AR 4E — BORAE. Horh, DAIMC F) FH 45 5€ 11
FEAS T A5 JE oK 22 30 i AL 1 1 3 (] 95 £ 2R AR AR
W MILC 2 >) 22 A0 P 75 R AR R %, e 2o 3 7] I
WAk 75 195 A B AL AR B . HCLS_CGL T A 8L 41
B BB TE BT A B 1, AR L B AT S A SR A 3
PRS2 SRR B e o ) S AL IR R 35 IR B A B 3 A
J7ik, CMLC HUR T By i 45 2R, 1X /& A D CMLC Ji
M2HERRLRFTEDA TN —BUE 2 A
PLIEI ) B ELAMAEAS R, FF RS 15 3] — N B R
FEARBUAE B, Ak, CMLCIE 5| N T FE B8 1F U35, A6
A RRREEE (1 JR) AR TR S5 4.

2) Uci_digits 1 #% £ 1 MIC 17 1) 45 F iz (% F
MICH# A7, 3X #& 1 T Uci_digits % 45 52 1 & 5140 &,
MIC 75 ¥ 70 Ak BE A 84, T A SCHR H 9 CMLC 7
2] DUAR B AL B I IS D0 57 (46 R

3) HHE SRR AE SR % BB BE 8 B R R 2R AL
RS SE RO R, A SR A CMLC JTE L T3
fih 5 v, TR £E ORL. NGs Ml Uci_digits 34542 L, 5t
R FN) CMLC 77 V£ B SE 36 45 R A K. XA A
CMLC J7 A HI 4 #A0 E3E A R 72 R M A7 AE
FEAAE 22 WL B R AL 25 [A) 2 TR R SR R T k2R3



F2H %t 5 ATSBA4ATARNTIZE SRR L 651

R2  9MXTEE S ES CMLCEAE % M EHHE &Y accuracy FINMI 100 %
metrics accuracy NMI
dataset
PER 0.0 0.1 0.3 0.5 0.7 0.9 0 0.1 0.3 0.5 0.7 0.9
BSV 5.85 2555  23.00 2483 2355 24.83 13.46 43.07  39.46 4455 4643  47.03
DAIMC 61.00 60.48 56.08 53.38 47.27  43.50 77.93 76.91 73.44 70.96 65.65  61.62
MIC 62.20 59.15 5030 4483 3540 2880  78.69 75.15 65.31 57.61 49.10 4233
PIC 74.08 72.43 71.12 70.12 66.50  60.38 85.61 84.44 83.25 81.54 79.60  75.96
ORL TCIMC 7125 74.00  70.00  66.50 6225 6225 87.04 85.95 8236 8252  79.08 77.05
HCLS_CGL 72.25 72.00 67.75 65.00 59.50  51.50 83.82 82.44 79.32 76.10 73.84  70.03
TTGL 53.75 51.50 4925 4425  39.75 3225 71.51 69.02  65.08  57.87 5220 50.54
HCPIMSC 74.99 85.85 85.90 82.85 81.14  79.38 86.50 74.27 74.30 71.40 68.06  66.13
LSGMC* 79.00 — - - — - 88.80 - - - - -
CMLC 96.50 96.00 98.50 96.75 96.00 97.50 97.00 96.00 98.50 96.75 96.25 97.50
BSV 27.12 43.08  46.00 39.66  37.94 4130 11.62 2390 2637 17.74 12.09  13.64
DAIMC 91.02 91.08 71.78 63.12 60.54  55.98 78.73 78.37 60.29 43.87 4243  33.63
MIC 25.88 2440 2626 2674  27.68 2520 5.35 4.13 5.54 5.21 4.42 3.79
PIC 98.00 97.00 76.54 92.40 90.80  63.48 93.56 90.65 62.36 78.06 74.05  44.15
NGs TCIMC 97.40 95.80 9340 89.60 8720 8340  91.62 87.55 80.94 7258  67.34  61.04
HCLS CGL 96.40 93.40 90.20 87.60 83.40  81.40 89.67 82.08 74.24 68.10 65.75  60.08
TTGL 67.20 6520 6580 6020  54.80 54.00  53.60 51.36  48.89 4349 3521 3443
HCPIMSC 98.40 92.88 85.13 80.27 74.04 7222 94.60 97.80 95.00 92.80 89.40  89.60
LSGMC* 79.50 - - - - - 89.80 - - - - -
CMLC 100.00  100.00 99.80  100.00 99.60 99.20  100.00 100.00 9930 100.00 98.61 97.39
BSV 23.71 2346  21.64 2021 17.60 1632 54.17 53.63 4747 4359  39.61 3552
DAIMC 72.49 63.77 56.14 43.41 3499  28.19 87.54 84.06 76.28 68.33 63.02  58.13
MIC 66.46 65.50 56.39 46.77 39.64 32.84 84.88 81.70 74.17 67.35 63.17  59.44
PIC 86.38 85.07 7626  69.05 61.04 5562  93.59 92.81 86.77  81.92  77.00 74.79
100lcaves TCIMC 81.31 79.56 42.94 45.56 49.50  65.44 89.37 88.60 69.01 69.82 70.84  78.28
HCLS_CGL  79.44 78.56  71.31 67.06 6325 59.69  88.30 87.33 81.04  79.86  77.60  75.40
TTGL 59.81 57.31 53.06 44.88 40.56  33.88 78.56 75.03 73.20 67.68 64.80  60.12
HCPIMSC 71.51 88.03 84.58 8038  77.14 7290  98.40 7627 7252 66.52 6147 54.40
LSGMC* 85.56 — — — — — 92.81 — — — — —
CMLC 94.31 91.13 9150 86.19 84.06 6894  98.56 96.02  96.16  93.03 91.13 83.16
BSV 9.48 9.39 9.5 9.49 9.53 9.59 0.74 0.58 0.76 0.75 0.79 0.88
DAIMC 33.03 3322 31.14 2837 2574 2355 30.48 30.53 2791 24.68 2092 1836
MIC 33.68 32.33 29.07 26.79 22.83  20.87 34.40 3241 28.74 25.07 2116 19.21
PIC 44.67 4494 4153 4356 4157  41.01 41.94 4139 39.63 3932 3540 34.81
Scene-15 TCIMC 25.12 41.05 42.05 43.10 40.89  38.64 21.58 40.45 41.02 39.94 36.60  34.71
HCLS_CGL  41.56 40.69  39.58 3142 3436 35.81 39.99 38.91 3626 29.59 3210 30.74
TTGL 37.64 40.74 33.67 34.54 29.28  28.38 39.14 37.63 33.36 31.10 26.47  25.00
HCPIMSC 38.45 33.12 33.09 3120 29.06 28.62  35.04 36.63 3748 3503 3356 32.88
LSGMC* 46.85 — — — — — 48.45 — — — — —
CMLC 53.00 53.18 5157 50.06 5048 4553  50.52 49.76 4892  46.72  44.88  39.63
BSV 5.38 5.29 533 543 5.62 5.57 2.16 1.87 1.88 1.66 2.38 2.21
DAIMC 24.43 24.62 2278  20.68 17.01  16.74  28.74 27.79 2418  20.96 16.51 1535
MIC 23.56 22.40 21.84 19.29 16.00 1541 28.34 26.53 24.11 20.83 16.37 14.46
PIC 24.24 2320 2393 2436 2510 2523 30.96 28.68 2877 2995 2943  29.04
LandUse-21 TCIMC 19.71 17.28 15.95 14.28 17.57 13.47 25.17 22.11 20.69 18.89 21.54 1499
HCLS_CGL  24.61 24.71 2428 2576 2366 2228 3044 30.07  29.55 3043 28.79 24.62
TTGL 23.14 22.10 20.71 19.33 18.10  16.19 26.17 24.71 22.44 20.31 19.02 16.90
HCPIMSC 32.68 3241 31.57 30.21 2792  26.73 36.78 36.30 34.70 31.54 30.20 2578
LSGMC* 33.25 — . - — — 38.88 . - - . .
CMLC 33.33 33.24 32.90 33.10 31.38  30.76 40.26 38.58 38.55 38.18 37.27 35.04
BSV 45.62 33.12 2825 30.41 2937 3423 52.52 3395 2996 2526 2681 33.04
DAIMC 83.92 84.55 81.34 80.54 76.79  69.06 76.09 75.64 72.83 69.10 65.48 5836
MIC 10.05 10.05 10.05 10.05 10.05  10.05 0.45 0.45 0.45 0.45 0.45 0.45
MIC# 65.78 61.92 57.97 49.63 33.23  28.98 63.59 58.57 53.18 44.39 28.56  23.93
Ui digits PIC 83.65 83.65 84.10 8298 81.05 8279  86.38 86.02  86.04  84.38 80.11  82.25
- TCIMC 76.05 62.35 69.20 59.75 63.20  43.20 77.54 67.23 69.79 60.83 5797  39.73
HCLS_CGL  83.70 83.85  84.75 83.55 83.65 83.35 85.70 86.46  87.12  84.10 8436 84.84
TTGL 93.65 90.75 82.55 68.15 67.25  61.00 87.62 82.77 72.35 63.69 56.39  50.52
HCPIMSC 89.80 9126 9199 9254  89.72 87.69 8225 83.88  84.53 85.07  81.67 78.10
LSGMC* 96.00 — — — — — 92.59 — — — - -
CMLC 96.40 95.75  96.40  96.00 96.45 9595  93.10 91.71 92.38  91.60  92.13 91.37

7 FORIREE N ER LRI L, 4 o RRZSRAE KB AL BB O T 0 JERA

PR AEAE 2, NS TR = R 5) TCIMC. HCPIMSC f1 CMLC J7 U158 T %

4) X TR AR E, CMLCE T A Bl & B3 1945 R, X2 T TCIMC #1 LSGMC 5] A SP 7K &,
T 5 4 2 ME TSR LSGMC M fth 7y, Itk HCPIMSC 51 N\ 5K & 23 @ 300, B FH 5k = BL e 24 7 %
CMLC{EAL B e 28 B s S 7 T B B A B 3. PR 5 w4 B T £ s B A A 2, TR P PABE A 38K
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7 # 5

* R %40 %

Moz A FIRL 2 o) BLAMS S, (B T 2 T Ay
S 18] R/ 22 B, 7T e H B A 50 K A R Y
e 2, AT 52 Wi SR 2R VE 8. TTGL 1 5] AR Rk 7K B 45
1), (B e R kR A 2 D 0 7K R AR R, 25 5 3%

100

2R AR /ME B T3, B DAAS B ) 45 SR 1A SC
THEBINGKEN AT 51 2,0 2 9 8 o HE & Jie e it
ATARRR LY S, AT 47 2R AL 1 ) 1 o B 5 6, R EAS 1
BRI I BRI

S—— 100 p—g—a—g——~ 100
o BOp——e . | & 80 - 80@
. 60f 1 = oof { = o0} e :
R | B e E oy ey
=" o o C
0" ] 20f w0 |
0 — 0 — 0 —
0 01 03 05 07 0.9 0 0.1 03 05 07 0.9 0 0.1 03 05 07 0.9
PER PER PER
(a) ORL (b) NGs (c) 100leaves
60'»—0—0—\‘.\_‘\( 40p 100 | < S <
i ( —r+——+ 80%——1—1—&\«
== I e = eof (
= \\\‘ = 20} | =z
T 50l = T £ a0}
= =] =
o o 10¢f - = 20+
0 . 0 . 0 .
0 0.1 03 05 07 0.9 0 0.1 03 05 07 0.9 0 0.1 03 05 07 0.9
PER PER PER
(d) Scene-15 (e) LandUse-21 (f) Ueci_digit
—=— BSV DAIMC —a— MIC PIC TCIMC —<— HCPIMSC LSGMC (58#%) —e— Ours
1 AEFEEREEIESE LM purity
4.3 MEEM 0.6 Ty 0.6
M R B 0T BB 8 B RS BV 1 SR IR M RE. 025 s 02l
N 3 N N = . _ N L e 1
AR TIRCMLC g e bt b o2p o [3) ek T
far iy .3 AR .
T A o 2 0 R R AE Noi Tl N -0.6 - - -0.6 - - -
FT A e 2 L KU R NoiseData, JF 72 AN 0.25 0.35 0.45 0.55 0.1 03 0.5 07
W 75 L A5 Bt ATL A S e 7 ) 2, I i K A ) bl Ag] g e (a) JoMEF (b) 10% M
] £ 3 /£ NoiseData [ 4/ W0 K] b A= 5l 5 A M 75 1) 0.6} o 1t ' '
ZMEERE. K1 ARAKSE, N T HEMHERZE 0.21. - - oF 1'
AR, AT B R LIRS (I NoiseData 2t 021 g ‘ M
X . _ -0.6L - : - -2l AN
PR E NI E AT AL, W 2 Frs. ~0.1 0.2 0.5 0.8 ~1-0.50 0.51.0 1.5

F3RART CMLC 53 b HiEAE 3N EE A IFE
Eb 4511 75 1Y NoiseData £ 52 [0 2k 4s 1.

=3

(c) 30% M (d) 50% Mg

2 TEFIRESEEEMERTL

ME 27T BLE H, 240 75 LE oA 10 % B, 3 AN %
2 a3 BT, A5 TR AR R R, A% TR SRR B 2. IR I,
TCIMC. HCPIMSC F1CMLC 75 7441l 14 £ 100 % [

ARG EENELL IR EHIES EHRELER 100 %
NoiseData
dataset accuracy NMI purity

10% 30% 50% 10% 30% 50% 10% 30% 50 %

BSV 45.00 65.67 41.33 20.92 32.84 3.29 52.00 65.67 42.00
DAIMC 99.00 78.00 60.33 95.88 49.62 23.40 99.00 78.00 60.33
MIC 33.67 33.67 33.67 0.67 0.67 0.67 34.00 34.00 34.00
PIC 53.13 47.33 39.07 20.8 13.53 3.65 55.4 49.33 40.8
TCIMC 100.00 96.33 58.33 100.00 86.39 21.99 100.00 96.33 59.00
HCLS_CGL 99.66 97.66 49.00 98.29 89.37 9.12 99.66 97.66 50.00
TTGL 98.67 92.67 54.67 94.86 78.88 11.13 98.67 92.67 54.67
HCPIMSC 100.00 97.67 60.67 100.00 91.34 25.95 100.00 97.67 60.67
LSGMC* 99.33 98.00 64.67 96.59 90.80 26.95 99.33 98.00 64.67
CMLC 100.00 99.33 69.67 100.00 97.02 28.72 100.00 99.33 69.67

i A 2408 75 EUAG A 30 % I, BB €0 T4 60 [T P AN 552
FF UG A2 Hz, 25 15 18] 1) S BR 4 AROR, CMILC 5 vk 3
T B 19°99.33 Y% [RGB AR T A LA DR 50 % B
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M 2(d) 7T LA H, 34N KB 7 B B /E — e, M, 3
ANFEAS 55 X 43, {H CMLC J5 ¥E AT I8 B 5 U 1) T etk
fE. IX 2K A, CMLC X £ 4% B R oR I 4 — e 34 i
TS 2P A AR RN N P B A R B XS BT
TR B R E
4.4 HRLCIG

KN ER R CMLC R & A S R
T~ SR E AT F1) 22 SR TR PR B O DU T00) R 2R A
BRI K CMLC J7 . AN RS [ B B 1F 0 39 )5 1)
CMLC J7 3% AR B ok 7 0 047 %1 30 29 R 05 1)
CMLC 575 LA B [R] B 7% [k 2 25 1 U 350 A0 6256 3504 T
HIL R IE I CMLC HETEPER = 0.5 6 MA5E
7 2 BB BT I st e, W 3 fr s, o LUE
B B b 3 AN 2 AT JE RS E S5 A B R B, R
XL I B = SR Re AR 1 35 Tk

100

80

60

40t

accuracy/(100%)

20

0
5\@&5

S
o W G 6&,\5 0$6,m\
0 =N \p@ A\ ee

LAEITE S
= CMLC =3 CMLC F R0 ES 1E 75

=3 CMLC B FRik @& 475150
= CMLC B P 25 1 D0 100N 5K 150 44751 5

B3 ZFHEEMATEZMERIESE LAYERI SR

45 BSHBUEM

AFI{EPER = 0.5 1 1 ORL %45 4 F1 PER =
0.3 T 100 leaves £ 4 5 I CMLC Ti£41 K £
PR ZE RN 3N E T TS EN L Ao A Ng X AP
M F8 b5 NMIF U A, W 4 B, S E0E R R
{1075,107%,1073,1072, 10", 102, 10, 10*}. F 4(a)
A 4(c) 7R T 24 Ao [# 78 I, CMLC 7 Ay A1 A3 HUAS
[F) 25 & B B 1 NMIE 22 44 it 28 HH 1 4(a) F01E] 4(c)
A LA 0 2 80 A \g BUAS [F) 4B IR, NMI{H #B A5
TE TE 80 % LA _E. & 4(b) A1 I 4(d) 4 24 M\ AT g [ 5E
i}, CMLC 7E Ao HUAS [F] I £3 3] ) NMI {5 22 14 il
2. K 4(b) F1 & 4(d) 7] LLBH B & H, NMIE 3 78
95 % e A, Ao T HUE X SRR 45 R e A K. B E &5
RRH], CMLC XS Ao Fl A3 AU

(a) ORL LM E A,
100

80
60
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40t
20t

O 1 1 1
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A
(b) ORL HdlidkE i zE A, A1 4,
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100

80
60

NMI

40
20

0
le-5 le-3 le-1 lel le3

S
(d) 100 leaves ki B & A, Al A,
4 TRESHETFNMUEIERHEL S
4.6 WSS
A3 1L Sz 56 56 UF CMILC AR 7R 1) Wi S ik, 4
obj = 37 |[Ryl| . HEHE 8 (38) H S AR 1 A 7

3 M TN T BT, S8, S Y PER —
0.5 [ ORL 44 F1 PER = 0.3 [ 100 leaves % i 4=
- obj (L HUAS L 28, ph ) 5 7T LS M M 5, 1 6
NS - obj {557 B 05 A5 H 1 8 0 e 2R R
W5 T - P B, % ] CMILC 77 4 Rl 6 78 e i 1
S, LA R ST
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(a) ORL¥#iE (b) 100 leaves 4 4E
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5 4 #®
F B B TC TR A PR I R 5 % 2 WL IR S
PR R A S I R, A SR I T — R T 2 g R
TRARI AR 5% 2 R K ST ER A
PR ) A v 1 0 EB M REAR B2, BRI S B0 o i1
VETE A5 L 51N ok B AT 4 2K 24 T L I 1 £
EI R I8, BN RS9 W 45 #0240 SR R 3 45 0
{3 38 L AR] 45 480 of %5 40 IRl 20 1 45 — 4t 7
D, 1 T8 7 24, 1 BRI ) 5 B . 7 RN R ) B
A5 1S RN, A SO R I T B I A
T FE M. SR 78 A% SO 12 (R BE T b 4k R U
B 52 B S B k.
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