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o MRl =AY

A sparse
& random
vector

A fixed Dictionary

arg min ||x — DozH?; + A||o
D,«

® E.]J. Cand'es, J. Romberg and T. Tao. Robust uncertainty principles: Exact signal
reconstruction from highly incomplete frequency information. IEEE Transactions on
Information Theory, 2006
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® YiMa, etal: Robust Face Recognition via Sparse Representation, IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2008
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® Vidal, etal: Sparse subspace clustering, CVPR, 2009
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2. B R R R IRE

o« {RERFRTIRA

Y Z
I=. Ixn

min ||E||%+ M| Z||, st. Y=YZ+E

E.Z

min[|Bllz,1 + A|Z||. st Y =YZ+E

® Guangcan Liu, Zhouchen Lin and Yong Yu, Robust Subspace Segmentation by
Low-Rank Representation, ICML, 2010

® G.Liu, Z. Lin, J. Sun, Y. Yu and Y. Ma. Robust Recovery of Subspace Structures by
Low-Rank Representation. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2013.
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o FHIBUIRNHBHIRIARARE

min 1E|%+ M Z];,, st. Y=YZ+E

min || B2, + A|Z||. st Y =YZ+E

!

min [|X-XZ||¢ + 412" Z|}, +]|ZR]l,.,
st. diag(2)=0, 7>0

Fei Wu, YongLi Hu, YanFeng Sun, Junbin Gao, BaocaiYin. Ordered Subspace Clustering with

Block-diagonal Priors. IEEE Transactions on Cybernetics (ICYB), 46(12): 3209-3219, 2016.
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e Grassmanniz
G(p,d) ={X € R? . XX =1,}/0(p)
e Grassmann;ifzaVEr NEE 5

I1:G(p,d) — Sym(d), II(X)=XX".

BX,Y) = 3 T(X) - 1Y)
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3.1 Grassmanniif K FR TR~

« Grassmanniiifiz LRI R FR TR IERY

N N
minz Xi] & (H‘J Zi; @[ X;5]) + Al Z]]
Z e PG
Xn X% Xy XT
X;)i'?i 2 > Xgi?i Z;; = Sim;; | H(X) _ :XXT
A Xk 0(X1, Xg) = [|[II(X1) — II(X2)||F

x ={X:XTHY, x ={X XY, Z l

min [[€]F + A|Z[. st X=X x3Z+€
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3.1 Grassmanniitf _E KTk TR

3) ¥ b 515 2
|E||3 = Np — 2tr[ZA] + tr[ZAZ]

Horh, Ay =t [(XTX)(XTX;)], NFlpRHE .

PZ

4) RZET

|E||% = Np — 2tr[ZLLT] + tr[ZL(ZL)T]
= ||ZL — L||3 + const.

mZin |ZL — L||% + M| Z]|«
ZICE A AT R

Wang boyue, Yongli Hu, Junbin Gao, Yanfeng Sun, Baocai Yin. Low Rank Representation on
Grassmann Manifolds. The 12th Asian Conference on Computer Vision (ACCV’ 2014), Singapore,
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Grassmanniifz L EER LI RARFA R

Logx, (X3) = H= Uarctan(X)V" | 7

Hr usvr = (X, - X, XTX,)(XIX,) !

S

N
Paquy [0 D)€@ S
T w;; otherwise, Q=A{(,5):7=1 or X ¢ Ni}

Boyue Wang, Yongli Hu, Junbin Gao, Yanfeng Sun, Baocai Yin. Localized LRR on Grassmann
Manifold: An Extrinsic View. IEEE Transactions on Circuits and Systems for Video Technology
(TCSVT). 28(10): 2524-2536 (2018).
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The conventional sparse and low rank subspace clustering

The cascaded low rank and sparse clustering on Grassmann manifolds

___________________________________________________________________________________________________

E— | — Sparse Representing o |
L | Zo e |
‘ i E— Low Rank Representing > _Q i

i L 8 plustering

; » Sparse & Low Rank Representing o '—n—b

4 | o | | Results

R P c
| A 4 @
| Glassmann X Low Rank Z Sparse ¢ 2 |
. I i —— L — L — 5
| MameIC.' Representing Representing @ |
; Representing :

i 2]+ MEN + 2el Cll -+ s B

st. X=X x3Z+E, Z=2C+E, diag(C) =0,

Boyue Wang, Yongli Hu, JunbinGao, Yanfeng Sun and Baocai Yin. Cascaded Low Rank and Sparse
Representation on Grassmann Manifolds. 2018 International Joint Conference on Artificial
Intelligence (IJCAI'2018), 2018.
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Juin - A([A[L +|[B][.) +ZHY o UY ® 2illg,
o =1 j=1
st. Z=AB

Xinglin Piao, Yongli Hu, Junbin Gao, Yanfeng Sun, Baocai Yin; Double Nuclear Norm Based Low
Rank Representation on Grassmann Manifolds for Clustering. The IEEE Conference on Computer
Vision and Pattern Recognition (CVPR’2019), pp. 12075-12084.




3.1 GrassmanniitiZ LB FR TR =

e Grassmanniifiz £ B1& N iR PR MR TR =
kil
ﬁ SRRt
Coefficient Matrix Neighbor Relationship SREESEs DNelgh o REIaomsp
(a) At AE (b) HiEMNARE<RE
tuin || Z], + MIENF + Aotr(ZLAZ") + X[ A7

st. D=D,Z+& A'1=1,A>0,

Boyue Wang, Yongli Hu, Junbin Gao, Yanfeng Sun, Fujiao Ju, Baocai Yin. Learning Adaptive
Neighborhood Graph on Grassmann Manifolds for Video/Image-Set Subspace Clustering, IEEE
Transactions on Multimedia (TMM), 2020.2
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3.2 SPD#RF ERRFA R IR

« d X d % SPDRFAIEN A :
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3.2 SPDHFE LR EKHRRIRE

o SPDREBYJLIATMERFANE S
265 7€ P I-SPDIRUE IFEAR /Y, Yo €84, , N
1) SPDIRJE AT S AR R BT

dane(Y1,Ya) = [log(Y7 - Y Y7 2)
2) SPDLIE FA)H8 ZOR S Z5 B 5t

log(Y) = R - diag(log(diag(X))) - RT,
exp(Y) = R - diag(exp(diag(X))) - R7,

3) SPDiEH]Log—FEuclideanfh 5.
(Y1, Y2) = [[Y7' 0 Yol = (Y1 0 Y2, Y11 0 Ya)iog
= tr(log(Y;' © Ya) log(Y{' © Y2))
= tr(log(Yg)T — log(Yl)T, log(Ys) — log(Y1))
= [ log(Y,) —log(Y1)| %,
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3.2 SPDM L H{ERE R T AL R

» SPD#_EE T Log-EuclideanE 2R R =

gE

i=1 j=1

Log-Fuclidean & %

N N
min Z [log(Y;) — Z 2ilog(Yy) |7 + MZ|.,
i=1 =1

A = [5’ij]7{\i1,j:1‘ 57;3' — tr(log(Y%) log(Y%))

min |ZA2 - A2 [} + N|Z]..

Boyue Wang, Yongli Hu, Junbin Gao, Muhammad Ali, David Tien, Yanfeng Sun, Baocai Yin. Low
Rank Representation on SPD Matrices with Log-Euclidean Metric. Pattern Recognition (PR). 76:
623-634 (2018)
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« SPD#F_EEF1ZLog-EuclideanE = RYIE AW 4%
SEVRIARRIRE

min A(f(A)+ f(B +Z||Y @UY ® zjillm, st. Z=AB"

A B X
=1 7j=1

4t & Log—FEuclideanfH = B 4% ok 20
IiGK-LogE(YlaYZ) = exp(—f3]|log(Y1) - log(Yg)H%)
X RANSPDREAR mAEAZ S 0] BRI OR &
G = [gm] [f‘éLogE (Y:,Y;)
mnin Z ) + Z f(o;(B)) + tr(Z"GZ) — 2tr(GZ), st. Z=AB”

Xinglin Piao, Yongli Hu, Junbin Gao, Yanfeng Sun, Xin Yang, Baocai Yin, Wenwu Zhu, Ge Li.
Kernel Clustering On Symmetric Positive Definite Manifolds Via Double Approximated Low Rank
Representation, 2020 IEEE International Conference on Multimedia and Expo (ICME), 2020.7
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3. 3FEFR LR RFA R RIRE

o FEeFGrassmanniiifiz Y KFRIR <Y

X]={X", ... X"}
Xm e f(pm d).m=1,. ..M
Pgd:pl,... g(pla ) e X g(pMad)

M
dpg([X], | Z X (X = Y™ (™) T

() |

1]]:11‘%'1|E||‘?: + A Z]|s st X=X x4 Z+E

Boyue Wang, Yongli Hu, Junbin Gao, Yanfeng Sun, Baocai Yin. Product Grassmann Manifold
Representation and Its LRR Models. The 30th AAAI Conference on Artificial Intelligence
(AAAI'2016), Phoenix, USA, February 2016.
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o HIESELIT4F{EMLap |l acianZR

R 227 T T AL 2422 15 JEL R B A L (e
—_A%&’

.

win 2] + A[BIE + 8 2~ 2w st X =X, Z+E
1’1.7
Yz - 3wy = 2t(27LZ),
» » ij — A /4

rgiéll\ZH*+)\HEH%+261;1“(ZLZT), st. X=X,Z+E.

Boyue Wang, Yongli Hu, Junbin Gao, Yanfeng Sun, Baocai Yin. Laplacian LRR on Product
Grassmann Manifolds for Human Activity Clustering in Multi-Camera Video Surveillance. IEEE
Transactions on Circuits and Systems for Video Technology (TCSVT). 27(3): 554-566 (2017)
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o —RFRMM LARFAR IR

X] = (X!, XM}

Hor, R ml Ll R R, 1] B S

M
min Y w,lE" %, + MZ]., st AT =X x, Z+E™

EL.w
m=1

o, wy, e A ER I AU
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3. M AM LR AR FIRE

o FHFMMM LRI R

O M

O
o0 . 2
e =0 i S €, + 12
T m=1
0y "
e RZ g
@) (b) s.t. XM =X" quZ—I—Em
T
o0 o0
1
7 el @ 7 e -
g [ o)A [ 2,/ 1€,

(©) \ (d) /

Boyue Wang, Yongli Hu, Junbin Gao, Yanfeng Sun, Fujiao Ju, Baocai Yin. Adaptive Fusion of
Heterogeneous Manifolds for Subspace Clustering, IEEE Transactions on Neural Networks and
Learning Systems (TNNLS), 2020.8.
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4. TTHRENH

e Grassmanniifiz ERUBRES . BIERT

Y
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4. 1THREENH

e Grassmanniiifz ERYERZS . HIER~

KBRS (Linear Dynamic System) i)
O(M,)= 4
y(t) = C's(t) + w(t) e

1

s(f+1)=Ts(t)+ v(t) oL)=| s

CTACT)T, - (CTH T e RIPP |

e J

Yongli Hu, Peixin Ning, Boyue Wang, Yun Wei, Yanfeng Sun, Junbin Gao and Baocai Yin.
Multi-view Time Series Clustering via Linear Dynamic Systems and Product Grassmann

Manifolds. IEEE Transactions on Cybernetics (TCYB), under review




4. 1TREENMH

Grassmann;fifiz_E R EE 2
SIEAT NI (A

Ballet/ZE H713B AT A B, A8 3 NISHFR B = i) 525 B 1k
SKIGJZ HH 1080 X RGB-DAR A 7> Il A4y i, 9556 NI 1080 T34,

oo
LRR 0.2819 -

SSC 0.2903 -

SMCE 0.5105 | 0.4611

LS3C 0.4222 | 0.4148

SLRR 0.5316 | 0.3907

SCGSM 0.5877 | 0.3704

GLRR-F 0.5905 | 0.5056

LGLRR 0.6087 | 0.5185
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o [EEFRM LRIZ
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4. 1THREENH

o [ElfsFURME LHREK (40
D) ARET M7 N8

Camera Numbers 5 5
Methods

PGLRR 0.8352 | 0.9176
LapPGLRR 0.8352 | 0.9176
GLRR-F 0.7912 | 0.7912
SCGSM 0.6264 | 0.6648
SMCE 0.6154 | 0.4890
LS3C 0.4890 | 0.4890
LRR+IDT 0.5824 | 0.5659
K-means+IDT 0.6758 | 0.6758
SPC+IDT 0.4176 | 0.3187
LRR+LBP-TOP 0.7802 | 0.7802
K-means+LBP-TOP 0.5275 | 0.7588
SPC+LBP-TOP 0.4176 | 0.4176
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¥ 1
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4. 1TREENMH

o [EIfsRFUARM LRYRE (A
2) Z M AT NEHE E-ACT42

gL |

gL 2 |

W) rTiazaess M R TRERR
y 1
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4. TTHRENH

o BN LRISRE
2) Z M AT NEHE E-ACT42

Cluster Numbers

Methods 14 ’
PGLRR 0.4745 | 0.7687
LapPGLRR 0.4728 | 0.7823
GLRR-F 0.4575 | 0.6701
SCGSM 0.3656 | 0.4966
SMCE 0.4507 | 0.5748
LS3C 0.4422 | 0.5442
LRR+IDT 0.3425 | 0.3374
K-means+I1DT 0.3333 | 0.4479
SPC+IDT 0.1446 | 0.2883
LRR+LBP-TOP 0.1446 | 0.2483
K-means+LBP-TOP 0.1327 | 0.2177
SPC+LBP-TOP 0.1429 | 0.1429
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4. TTHRENH

o [ElFsRFRM LRVRRE (A0
3) Z TR E L 2 SK1G
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4. 1THREENH

o [ElFsRFRM LRVRRE (A0
3) Z APl BE A 2 SKIG

Methods Data 1ype | \ioht+depth | light-+dark | dark+depth | light+dark+depth
PGLRR 0.5907 0.6000 0.6833 0.6315
LapPGLRR 0.6537 0.6870 0.6981 0.6685
GLRR-F 0.5635 0.5185 0.6148 0.5944
SCGSM 0.4093 0.4667 0.5056 0.4296
SMCE 0.4481 0.4130 0.6389 0.5796
1.53C 0.4907 0.3722 0.6333 0.5833
LRR DT 0.5463 0.5963 0.6019 0.5963
K-means+1DT 0.4635 0.4759 0.6426 0.5407
SPCHIDT 0.1000 0.2000 0.2000 0.4000
LRRLLBP-TOP 0.222 0.2167 0.2352 0.2056
K-means+ LBP-TOP 0.1704 0.1444 0.1870 0.1626
SPCHLBP-TOP 0.1000 0.2000 0.1000 0.1009
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iz ERIBRE (A0

Methods Input data for different methods
LogELRR X € Sj’lr n
KSSCR X e Sji_ n
SCGSM X € G(p,d)
FGLRR X e G(p,d)
PGLRR?® || X!, X? € G(p,d) base on Hog and Gabor
features, respectively.
PGLRR® Xt e 8T, and X* € G(p,d)
AFHM X' e St and X* € G(p,d)
on) ERTAARFERSE IARATERERRR g
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o FHIRINAF LR (£
Methods ||| UCF Sport || Ballet
SCGSM 52.67 47.16
Single LogELRR 65.33 33.31
KSSCR 52.00 34.14 I
FGLRR 72.67 59.90
Multiple PGLRR? 70.67 49.38
PGLRR" 66.00 37.40
Proposed | AFHM 74.67 60.80%
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