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Incomplete multi-view subspace learning through dual
low-rank decompositions

XU Guangsheng], WANG Shitong2

(1. School of Artificial Intelligence and Computer Science, Jiangnan University, Wuxi 214122, China; 2. Key Laboratory of Media
Design and Software Technology of Jiangsu Province, Jiangnan University, Wuxi 214122, China)

Abstract: Multi-view data are very common in real-world applications. Different viewpoints and sensors tend to facilit-
ate better data representation. However, data from various perspectives show a significant variation. Especially when
only incomplete multi-view data are available, the corresponding multi-view learning may result in poor performance or
even training failure. This study proposes a multi-view learning algorithm called IMSL (Incomplete Multi-View Sub-
space Learning through Dual Low-Rank Decompositions) to tackle this issue. The proposed algorithm addresses the in-
complete multi-view problem in two ways: (1) Latent factors are introduced into a dual low-rank decomposition sub-
space framework to mine missing information in the multi-view data. (2) IMSL seeks a more robust subspace through
pre-learned low-dimensional features of multi-view data. Furthermore, the supervised data are used to guide dual low-
rank decompositions. Experimental results show that the proposed algorithm outperforms the previous multi-view sub-
space learning algorithms on the adopted incomplete multi-view datasets. Pre-learning low-dimensional features of
multi-view data, on the other hand, can improve robustness, and dual low-rank decomposition can be guided in a super-
vised manner.

Keywords: subspace learning; supervised learning; incomplete multi-view; latent factors; low-rank constraint; dual low-

rank decompositions; feature alignment; low-dimensional feature
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13) Bk AR, =1+ 15

14) 451 PG .

kB, 2).3). 6) EZLEEGTE S 4).
5) 7). 9) FR B 3R vk R a2 B A R B RE R 4 o
2).3) [ SVD 5 (W i) 8] &2 4% B S o(n), 6) 1Y
SVD 51 B[] & 2% S 0(p?), nky Z LI I
ARKIIN, p ol WA B e T S T S 50 v vk FR AR
JIN B o8 A 2 5, T DU 6) TR TR . 4) SR A
Sylvester J7 F2 3K i, [H I 3= B FE B &8 53 0 K6 B 7fe
1| 1iis R Sylvester 7 RE R M, v S LA
] & 4= B R Oodn® +n), d R R IR FRIEAE S, 5) 5
4) Kt FEAR A, B (] &2 4R BE S O(dn® +n), 25 1L
ATLLHE S 7) 5 9) By I [] &2 2% BE 4393 S O(pn®+
pdn)pdn) ., O(dn® +nd® + &%), 8) K WA B F 171K
fift, HeF ) A= N O(pn) . W TESLK PR Ep < n
Hp<d, HZs FRTR, Bk 1 IR 2 5N
O(T(dn® +n® +d® +nd®)), Th FT 4 5575 1) 2% AR R B

2.1 HIEE

AL BITE 3 41 200 B B 45 1 30E T 2
P AR, e AT R A B s 4R CMU-
PIE . ¥ %454 ALOI-100 1 COIL-100.

CMU-PIE &2 — 1 Z W B B4, Sty
68 RFEAR, SR W] — X 52 B H B A AN [R) S 3 () B
ARZ A EHEBEKRNZESR, BN R R LB
A& 21 FOASTE A IR A2 4, X BLR ] C05. CO07.
C09. C27 1 C29 Fe Ay &Il 2 e H i 45, H el
Hh ) R AR AR 3T R 32x32 B RT

ALOI-100 F1 COIL-100 #B &y £ 18 [ 44 K i
&, #BAE 100 AWK 7200 5K EI& .
ALOI-100 F1 COIL-100 #PJ2& A FH e F% 1 5 47 %
FERY, BRI RS2 v B R AR A B 850, FhA 72 5K
BIE . AR SCIRE 4 M : vl [0°, 85°]. v2[90°,
175°]. v3[180°, 265°] #11 v4[270°, 355°](v K/~
view), HENTH A9 L 887 R 64x64 R,
22 KWIEE

TE S35y, % CMU-PIE £ 401K G 58
A5, FRATT A O R £ . AS [) 8 34 i 1 BT AR R K
P, P BT B2 ) h BE AL 10 5K K544
AYNGRAE, T T B EHRAE A o T R 4 3 A
50 22 L IR 2 5 s, BN 25 4 1 B 1L &
kit 10 M2 FR . X T ALOI-100 F1
COIL-100 33X WA~ Z 0L W) (A B30 H 4, AR e B0
AL AE I 25, 60T /8 T S B0 1A A

B, MR se s Z IR ZRE  ah, AT
BT 4843 2548 (KNN) A PPl e & MRk

AR F BUR PRS2 O 1k 5 2R B Sy
WP o v 47 8 LDAPY LPPPY | LatLRR",
LRCS™! RMSL"" Fi1 CLRSP*(CLRS1 22 77% it fin i
BRI, CLRS2 F/RAMENRARZI5), Hirr, CLRS,
LDA . RMSL J& T W8 77k, LPP, LatLRR
T B, LRCS R85 Mo ik o X Fax st
X LB, AR R B A0 40 22 4% (KNN) SR IEAR
A ERE
23 HRHW

£ CMU-PIE 20 [ MG il 42 1 i 52 5 46
BN 1 53 2 7R, Task 1 ~ Task 9 73 5ilZFE R K
{C05, CO7}. {C07, C0O9} . {C27, C29}. {CO5, CO9,
C27}. {C09, C27, C29} . {C05, C0O7, C09} . {CO5,
€09, C27, C29} . {C05, CO7, C09, C27}. {C05, CO7,
C09, C27,C29}, IR 1 53K 2 Al FridE ke
CMU-PIE A £ 4 45 19 38 43 kAT 55 b R HE
55—, ®T LPP 5 LDA, LPP jifl i #ui% ek 35k
XA AR FZE5, LDA o B (5 B0k R 2R iR
SEAFEAE I LA DX 43, AE S FE R [6) 90 1 22 ] ] 26
fEZ AR R 25 5 i & S BUE G W B 2% 2
BRI T R B =Bk, ARPARHER
FETARBR LY A 7 2 2 0 T A5 G i RRAE 12 U
1, JCHXF A S8 00 CMU-PIE B8 4, X 50 3F
AR 24 SRUX T A R I 158 25 T A MR 7 A AR e g
il 3R . (HJE A F 5575 RMSL, LRCS, CLRS
5 IMSL, 295 LatLRR H 2 fi 5 b 7t n A0 7 29
W, IR H IR R A 20 B 5 5 AR TR 2 51 1 RRAE
AR KRBT fE, X 5380 T LatLRR 7 £ M &
MR B PERER 25 . B 9L LRCS WXt Z LA
By AR 2 SR ] QL AR o R ) 25 ) IR 2 A
XF 5, XA RE MR B T AN TR AR T 45 H SRR TR,
{E Y 6] R A 22 5 K 5 8RR AR IS 0 2 S 80
PR 2, BE RMSL &% [R) 2R 1E 22 F A
TR R R H T U ARG A 3 ik A Dl /N AS (] R T %
[Fi) 2J A1) 5 B0 20 A 7 AE B 4 fe st o S P9 B, 8K T B
X N 58 8 L2 WL 3 5 OF A — S AR I I i e sk
Jo B CLRS W B 7 2% > il 45 0 1B R i
S T = 1) JC AL AR R 4355 R Dl /N 00 81 2 [ ) o
SCZEE, It A W A I T Ak IR A A TR AR
B2 O o R 00 R EE AN 2 3BT, &4
PRV 2 4 3852 T 2 0 R 0 T Bk 1) TR R
Xk T B R LA A I R R B R T e
Mo o), Bk IMSL £ X AR 2 B 20 3 =
T 51 AVETE R 10 S AR RR o3 il 25 1] ) 22 2]
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D5k, WETE R 785 Bh A2 48 5k i LIS S, IEAh,
TSG2F > ARG AN 58 46 Z R RRAE 5 W £ Bk
Frt it — e P TR R A 22 6] R AE X 5
It IMSL H MR+ DL SRR .

F£ COIL-100 Z L 1l Wy iR B 48 I 1) S 36 45
N 2 frn, AR B $2 58k 1 7 24 1 g A K
GIRAT 55 P B T A X RS, 2R
M A R /N, 78 ALOI-100 2 411K 9 1R %
A RS aE BANE 3 Fros . XA R A AL

HE, AL PEREM 22 R K, X R T
PR A TR 8] 22 () 18 2 TR A — o R B b R A A o
LRCS 5 RMSLI RS H2 L FArde ik, £ 5
LRCS 7 — S AT 55 h 3R 30 s A M e, axX 2
A Tz 4 G AT R R 28 5 AR 1E 22 S v AN, &
SOBCH IR 0 At 1) RIS AR 385 IR AR 43t ml
R 2, (HREAR BN Z R ST, tim T
T AE IR 10 S ARk 43 1~ 25 ) 2% T HEZRATh 9K A
UE T BTk AT 48 K 2 500 AT 55 o

®1 EFRHBE CMU-PIE ARRBIEE EEEEN S XRFE

Table1 Accuracy of algorithms on original CMU-PIE face datasets %
%55 LPP LDA LatLRR LRCS RMSL CLRS1 CLRS2 IMSL
Task 1 34.120.39 51.980.20 24.380.42 77.750.41 74.150.03 60.700.45 61.720.19 79.550.04
Task 2 41.110.79 65.250.56 23.420.50 71.510.48 74.780.65 67.380.22 70.320.63 78.640.23
Task 3 35.800.48 62.000.41 23.830.11 63.780.96 72.060.13 63.030.53 60.360.88 76.640.62
Task 4 57.540.04 67.870.12 30.890.40 67.330.33 76.690.47 57.890.11 54.410.82 79.290.47
Task 5 59.840.28 72.500.91 30.950.53 69.200.64 77.450.35 57.580.10 57.580.15 78.920.37
Task 6 59.350.83 73.150.50 32.300.02 76.990.27 75.450.26 52.490.86 59.470.49 77.830.02
Task 7 59.940.31 75.020.48 43.410.56 67.230.25 76.140.37 61.340.48 74.700.84 78.720.22
Task 8 63.720.70 75.740.65 43.520.46 79.030.31 75.600.74 65.170.17 63.560.67 81.250.38
Task 9 64.340.63 75.550.26 49.740.29 79.060.18 76.280.17 67.010.18 66.550.73 80.510.50
®2 FEIHH CMU-PIE NEEIEE EREEZHSLEE
Table 2 Accuracy of algorithms on corrupted CMU-PIE face datasets %
1155 LPP LDA LatLRR LRCS RMSL CLRSI1 CLRS2 IMSL
Task 1 9.270.35 19.600.25 9.460.48 16.480.40 16.250.46 29.510.72 28.360.11 29.480.37
Task 2 9.910.57 26.400.23 9.090.81 17.870.13 18.180.80 28.140.34 32.020.61 29.820.90
Task 3 10.320.92 30.130.47 8.380.49 17.600.10 15.110.17 31.220.13 30.150.37 28.300.03
Task 4 18.970.62 16.800.62 16.080.39 15.680.46 18.230.52 23.150.81 22.860.97 33.460.81
Task 5 18.430.41 12.980.95 16.030.66 15.980.81 16.980.49 25.130.52 22.990.32 33.210.20
Task 6 17.540.86 12.420.09 17.370.75 15.510.31 17.650.26 25.490.75 23.530.62 34.550.40
Task 7 19.350.04 12.700.93 20.970.80 15.850.18 15.840.73 27.980.33 27.570.56 37.430.49
Task 8 18.480.61 10.310.45 24.900.38 15.800.93 16.810.14 26.140.76 27.840.61 36.930.89
Task 9 17.180.56 10.580.50 24.750.13 16.730.64 16.740.34 32.370.17 31.070.81 40.100.63
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Fig.2 Accuracy of algorithms on COIL-100 datasets
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Fig. 3 Accuracy of algorithms on ALOI-100 datasets
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