45 4 ( ) Vol.45 No.4
2021 7 Journal of Jiangxi Normal University( Natural Science) Jul. 2021

: 1000-5862(2021) 04-0390-08

1 2 3% 1
(1. 510006; 2. 510006;
3. 510520)
2
5
. TP 391 TA DOI: 10. 16357 /j. cnki. issn1000-5862. 2021. 04. 11
2
0 )
)
(i)
; (i)
34
. . ( LRCR)
12
2
1)
y (i) . LRCR (1)
2 PCA
; (i)
; (i)
2 (1)
; (i)
120210247
(61772141 U1911401 61972102) (2019B020208001 2019B110210002)
( 2019B010121001 2019B010118001 2019B010119001 )
(201903010107)

(1978—) N . E-mail: 8426008 @ qq. com



4 391
1 2 PQ'
C’ (5)
L1 Jmin 1Z1. A @13+ A B
(low—ank representation LRR) ° s.t. X =XZ + PO"X + E (6)
el - Frobenius
XeR"™(m n .P e R™
) ) US(S. Q0 eR"™(d<m) C =PQ' d A, A
LRR e of °
o0X 00X d.
| P (6)
r;nEnrank(Z) +AE|, st. X =AZ +E (1) PHQliZnF”Z”*+)\1||Q||2F+)\2||E||1
A i s.t. X=XZ+PQ'X+E P'P =1 (7)
X E rank( *) (7) Xz
I 1o b X = PO'X + E PCA
(1 LRR 0'x
r;nEn||Z||* +AE|, sst. X =XZ+E (2) 9 PO'X XZ
e
[ 2
. QTX 10
(2) (Z° E) Xz’
X-E X e
1.2 1
( Latent low-rank representation
LatLRR) ’
X, X
2 X Y
min || Z||. s.t. X = (X, X,)Z (3) X, X
X Xy X, e
5 X R™”™ X, e R™™( m
X =XZ +CX (3) s )
min [ Z|. +A[Cl, st X = XZ +CX (4) XieR”f" X, e R X,
7 c X, i
LatLRR E
X=(XX XX - XX)X e R
mnlZl. + €l +A|E| V= (XX XX XX)X e R
USPS  MNIST 10
s.t. X =XZ +CX +E. (5)
5 10 .L
2 ) (
). LRCR
LatL.LRR PgnzirEIW”L -WOY L+ A NZ) . + At
LatLRR TE |, +As | W@ I

s.t. X=YZ+PQ'Y+E PP =1

(8)



( ) 2021

392
el - Frobenius | eIl -«
e 1, 21
l, P A A, =0
P.Q.Z.E.\W
13
(8). A-H

w'o'.z (8)
min - ||L-AY [ +A, [H. +A [[E|,, +

PQZEWAH
MJJA||; sct. X =YZ+PQ'Y+E P'P=1Z =
H W'Q" = A (9)
(9)

F(PQZEWAH) = |[L-AY]|} +
MIH .+ Ely + A Al + & X - YZ -
PQ'Y-E) + o, Z -H) + @, WQ" - A) +
w( |X-YZ-PQ'Y-E|;+ |Z-H|;+ W@ -
Al}) /2 s.t. P'P =1 (10)

TINTy T3 um >0
( Alternating Direction

Method of Multipliers ADMM) **

1( P) 0.Z.E\W.A\-H
ming | X - YZ -PQ'Y - E + 7,/ | /2. (1)
( orthogonal
ProCrustes problem) " (X - YZ - E +
/u) Y'Q (X -YZ - E +
/u) Y'Q = USV' P
P =UV"

2( 0 P.Z.E.W.A.H

mgn,u( |X - YZ - PQ'Y - E + 7,/ul; +
IW'Q" —A +73/u ) /2. (12)
FQ) =wl I1X-YZ-PQ'Y -E+1/u|;+
IWQ" — A + 7/u]}) 2
IF( Q) 70Q =0 0

16
YY'Q + QWW' = Y(X -YZ -E +7,/u)"P -
(r3/u —A)" - W

3( Z) P.Q.E.W.A.H

inn,u( | X -YZ -PQ'Y -E +7,/ul|:+
|Z -H +1,/u|7) 72 (13)
F(Z) = inn,L( |X - YZ - PQ'Y - E +
Tl + I1Z - H + my/ul}) /2
OF(Z) /00 Z
Z=(YY+E) " (Y(X-PQ'Y-E+1,/u) -
,/u + H) .
4( E) P.Q.Z.W.A.H

min A, |[E|l,, +ul|X -YZ - PQ'Y - E +
E

T /u | 2/2. (14)
(14)
1 17
mina | Wi, + |W-01] 32
0 w
W i
191, -«
o 2 1Q1l,>a
w, ={ o7y, ¢ el
0 :
/1 o« X-YZ-PQ'Y+r1/u
0 E :
5( w) P.Q.Z.E-A-H
min g | WQ" —A +1,/u | /2. (15)
F(W) = |W'Q" -A+7,/u] /2
AF( W) /oW =0 w
W=0"(A-r/u"
6( A) P.Q.Z.E.W.H

min [ L — AY |} + 4, [|A |5+ p || WQ' -

A +1, /0| 372, (16)
F(A) = ||[L - AY |} + A A5G +
wl WO —A+r,/u|3/2 dF(A) /9A =0
A
A = (2LY" + w(W'Q" + 7,/u)) (2YY" +
(24, +u) E) .
7( H) P.Q.Z.E.W.A
m;n/\l |H|. +ul|Z -H+1/u| 372 (17)
H = @M/u(z + Tz/M) .
1 LRCR.

X e RmXch



4 393
Y ¢ RV L e 360° ) 5° 1
R A sAosAs. 72 1 440
W=1Ic) Q=I1E=I1H=1A = 32 x32
w'o". I 18
LP =argmint(P'(-3)P) s.t. P=1% MSRC & V0C2007 : MSRC 18
A = z,(m2nc) A, = 4323 VOC 2007 20
Z,(2nc 2nc) Ay = z,(cm) u = 0.1p = 1.01 5011 NN \
Momax =10". NN 6
; 256 9
(i) (11) P, MNIST & USPS 7291
(ii) (12) 0, 2 007 : MNIST
(iii) (13) VA 60 000 10 000 2
(iv) (14) E; 10 0~9
(v) (15) W, 16 x 16
(vi) (16) A; 0
( vii) (17) H; Office & Caltech256  Office
(viii) TINTo T3 M. 3
1 =7 +uw(X - PQ'Y - YZ - E) A( Amazon) . W( Webcam) D
Br, =7, +u(Z - H) ( DSLR) 31 .
57'3 =75 + u( w'Q' - A) N N N 4 652
D/_L = min( pu ) ; Amazon 90
( xi) . DSLR  Webcam 30
A e R, . Caltech256
30 607 256 2
3 Office-Home : 4
. 65
( LRCR) LRCR  COIL20.MNIST & .
USPS.MSRC & VOC2007.0ffice & Caltech  Office— ResNet50
Home 5 . 2
> 3.2
(8) 3
LRCR A AX
. ; r e AiaAssAs {1x
R L=(l P I) = 107° 1x1077 - 1}
Ax e R° I . COIL 20
’ . - A =1x107° A, =1x107° A, =1x10"";
Lo(l' P I) R’ max{ [ 2~ [} = MSRC & VOC2007 A =1x
" l<h<ec i 107" A, =1x107 x, =1, MNIST &
20 USPS A, =1x107" A, =1x107°
Matlab2019b Intel As =1, Office & Caltech

(R) Core( TM) i7-6700 CPU@ 3.40GHz
3.1
COIL 20 : 20

A =1x107% A, =1x10"° A, =1; Office—
A, =1x107° A, =

Home

1x107° A, =1x107".



394 ( ) 2021

3.3 visual domain adaptation with manifold embedded dis—
__— . 27
LRCR tribution alignment( MEDA) ' .
. 3.3.1 1
geodesic
flow kernel ( GFK) ** . low-rank transfer subspace LRCR COIL20. MSRC &
learning ( LTSL) * . fisher discrimination dictionary VOC2007 MNIST & USPS 3
learning( FDDL) * | joint geometrical and statistical 2 LRCR Office +
alignment ( JGSA) * . weakly-supervised cross-domain Caltech256 -3
dictionary learning for visual recognition ( WSCDDL) * . LRCR Office—Home
1 3
GFK LTSL FDDL JGSA WSCDDL MEDA LRCR
COIL1—COIL2 91.02 36.38 41.93 91.83 84.90 90. 00 94.68
COIL2—COILI 90. 38 39.27 39.97 90. 39 85.60 90.83 86.61
MSRC—VOC 29.04 24.62 29.97 29.98 30.40 36.08 35.01
VOC—MSRC 58.11 46.63 60.98 60. 55 64.52 54.85 74.05
MNIST—USPS 72.03 36.32 75.85 72.90 74.05 39.94 80.40
USPS—MNIST 63.04 39.13 60.54 62.97 62.88 45.40 66.50
67.33 37.06 51.54 63.73 66.97 59.52 72.88
2 Office + Caltech
GFK LTSL FDDL JGSA WSCDDL MEDA LRCR
A—C 36.97 34.99 37. 65 37.65 38.97 43.99 44.25
A—D 53. 63 38.49 51.23 55.76 53.24 45. 86 56.49
A—-W 59. 34 39.58 59.79 59.98 58.83 53.22 63.72
D—A 45.78 42.41 45. 64 47.10 46. 51 41.23 52.33
D—C 33.64 34.94 36.20 34.96 34.43 34.91 39.79
D—W 79.12 70. 12 78. 60 79. 69 76. 60 87. 46 80. 70
C—A 46.70 40. 29 48.70 48.90 50. 29 56.58 55.30
C—D 57.43 40. 49 58.03 58.29 56. 62 50. 32 58. 44
C—W 57. 16 42.01 62.97 57.87 68. 32 53.90 73.02
W—A 45. 11 44. 16 45.78 47. 89 47.45 42. 69 51.03
W—C 32.50 36. 44 34.79 35.60 36. 44 34.28 39.36
W—D 67.22 69. 09 69. 78 70.25 62.33 88. 54 75.97
51.22 43.75 52.41 52.93 52.68 52.75 57.53
3 Office-Home
GFK LTSL FDDL JGSA WSCDDL MEDA LRCR
A,—C, 39.74 33.30 43. 89 44.51 45.56 39.62 49.51
A,—P, 61. 83 54.01 67.40 65. 86 67.62 57.09 69. 81
A—R, 61.28 36. 25 65. 50 65.11 65. 48 65.43 69. 46
C,—A, 33.63 21.56 42.70 41. 00 43.76 39.28 47.73
C,—P, 54. 16 42.52 57.63 56. 31 59.72 50. 45 62.38
C,—R, 49. 67 31.04 55. 64 53.40 54.28 52.10 57.75
P —A, 35.60 32.48 47. 80 46.23 48. 10 42.09 50. 48
P,—C, 36.42 32.08 42. 89 43.74 43.74 31.83 46. 25
P, —R, 60. 46 40. 50 63. 64 64. 46 65. 82 63.92 68. 94
R, —A, 49.20 34.23 59. 86 58.22 60. 07 55.43 60. 40
R, —C, 41. 56 39.99 48. 89 47.23 49.27 41.27 50.70
R,—P, 69. 56 54. 63 72. 65 72.37 73.42 70. 44 75.32
49.42 37.71 56.12 54.87 56.40 50.75 59.06
3.3.2 . : PCA
: LRCR

(i) LRCR



395
2 3 Office-Home 6
1 2 LRCR A
(1i) Office-Home Ay
LRCR Ay
( iii) A,
Ay
LRCR
MEDA A
3.3.3 LRCR 2
3 1 As
XA Ay
100} Coil 2—Coil 1 Coil 1—Coil 2 100} Coil 1—Coil 2 Coil 2—Coil 1 100FCoil 1=-Coil 2 (Coil 2—~Coil 1
80 80T
MNIST—~USPS
= L x - =
= 60T MNTST—USPS voc—MSRC S 60T MNIST—USPS £ 60
. USPS—MNIST i oy
i i USPS~MNIST yoc —MsRe &
& 40¢ & 40t @ 40f  USPS—MNIST VOC—MSRC
20 F ySRC— YOO 20  MSRC—VOC 20 MSRC—VOC
e e — T e .« - s o o & = ¢ = =
c5 5855558 2558 L5558¢% czs555s58ze
X X X X X X X X X X X X X X X X X X § X X X X X X X X
/\1 /\Z /\3
1 COIL20.MSRC & VOC2007 .MNIST & USPS
100} 100k Clipart—Real World 100+
Real World—Product Real World— Product Real World— Product
Art—Clipart Art/—Clipart - Art —Clipart
sol a0 p Real World—Art Sok P Real World— Art
= _ 2 E 60 =
g || Clipart—Real World 4§ 8
Z —t g ‘%
B 40'/Clipart—>Art & 40r & Clipart/—Art
Real World—Art Clipart —Art Clipart—Real World
o0k Product—Clipart o0 | 20 Product—Clipart
Product—
Clipart
S55555558 535555555 5555555
X X X X X X X X X X X X X X X X X X X X X X X X X X X
/\1 /\Z /\3
2 Office-Home 6
3.3.4 ADMM 2 ADMM . Hong Mingyi
7 :
. ADMM  n(n>2)
ADMM : Jia Zehui ~ * 3 LRCR 2
3
ADMM 5~10

3 3 . Hong Mingyi  *




396

) 2021

90+t
85}
80
] 75
70
I 65
60

551
50}
45770 15 20 25 30 35 40 45 50
IERIREL
(a) COITL20( COIL2 =COILI)
3

5 COIL20 MNIST &

USPS. MSRC&VOC2007. Office & Caltech. Office—

Home

LRCR

Weiss K Khoshgoftaar T M Wang Dingding. A survey of
transfer learning J . Journal of Big Data 2016 3( 1) :
140.

Dai Wenyuan Yang Qiang Xue Guirong et al. Boosting
for transfer learning EB/OL . 20204123 . https: //
doi. org/10. 1145/1273496. 1273521.

Pan Sinno Jialin Yang Qiang. A survey on transfer learn—
ing J .IEEE Transactions on Knowledge and Data Engi—
neering 2010 22( 10) : 13454359.

2015 26( 1) :26-39.
Lin Zhouchen Zhang Chao Zhou Pan. Integrated low-rank—
based discriminative feature learning for recognition J .
IEEE Transactions on Neural Networks and Learning Sys—
tems 2016 27(5) : 1080-4093.
Liu Guangcan Lin Zhouchen Yan Shuicheng et al. Robust
recovery of subspace structures by low—ank representation

J . IEEE Transactions on Pattern Analysis and Machine

10

12

13

14

15

16

17

18

4501
400t
350F
300
250
200
150
100

50

5 10 15 20 25 30 35 40 45 50
IEARIREL
( b) Office-Home( Pr= Ar)

Intelligence 2013 35(1) : 171484.
Liu Guangcan Yan Shuichen. Latent low—rank representa—
tion for subspace segmentation and feature extraction
EB/OL . 2020-0647 . https: //dl. acm. org/doi/10.
1109/ICCV.2011.6126422.
Fang Xiaozhao Han Na Wu Jigang et al. Approximate
low—rank projection learning for feature extraction J .
[EEE Transactions on Neural Networks and Learning Sys—
tems 2018 29( 11) : 5228-5241.
PCA/ICA D .
2014.
Hervé Abdi Williams L J. Principal component analysis
J . Wiley Interdisciplinary Reviews Computational Sta—
tistics 2010 2(4) :433-459.
Pan Sinno Jialin Tsang I W Kwok J T et al. Domain ad-
aptation via transfer component analysis J .IEEE Trans—
actions on Neural Networks 2011 22(2) :199210.
21
J. 2018
35(12) : 17384749.
Georghiades A S Belhumeur P N Kriegman D J. From few
to many: illumination cone models for face recognition un—
der variable lighting and pose J . IEEE Transactions on
Pattern Analysis and Machine Intelligence 2002 23( 6) :
643-660.

J. 2018 40(2) : 115421.
Tai Ying Yang Jian Zhang Yigong et al. Face recognition
with pose variations and misalignment via orthogonal pro—
crustes regression J . IEEE Transactions on Image Pro—

cessing 2016 25(6) :26732683.

Fridman E. Descriptor discretized Lyapunov functional
method J . IFAC Proceedings Volumes 2006 39(9):
638-643.

Yang Junfeng Yin Wotao Zhang Yin et al. A fast algo—
rithm for edge-preserving variational multichannel image
restoration J . SIAM Journal on Imaging Sciences 2009
2(2) :569-592.

Rate C Retrieval C. Columbia object image library ( COIL-



397

19

20

21

22

23

24

20 EB/OL . 2020-06-7 . https: //www. igi-global. com/
pdf. aspx? tid =104931&ptid =46172&ctid = 17&t = index.
Galleguillos C Mcfee B Belongie S et al. From region simi—
larity to category discovery EB/OL . 20200647 . hi—
tps: //dl. acm. org/doi/10. 1109/CVPR. 2011. 5995527.
Fernando B Tommasi T Tuytelaars T. Joint cross-domain
classification and subspace learning for unsupervised adapta—
tion J .Pattern Recognition Letters 2015 65( 1) : 60-66.
Liang Jian He Ran Sun Zhenan et al. Aggregating ran—
domized clustering—promoting invariant projections for do—
20204241 . https: //ieeex—
plore. ieee. org/document/8353356.

main adaptation EB/OL .

Gong Boqing Shi Yuan Sha Fei et al. Geodesic flow ker—
nel for unsupervised domain adaptation EB/OL . 2020-
0647 . https: //ieeexplore. ieee. org/document/6247911.

Shao Ming Kit D Fu Yun. Generalized transfer subspace
learning through low-rank constraint ] . International
Journal of Computer Vision 2014 109( 1/2) : 74-93.

Yang Meng Zhang Lei Feng Xiangchu et al. Sparse repre—
sentation based fisher discrimination dictionary learning
for image classification ] . International Journal of Com-

puter Vision 2014 109( 3) : 209232.

25

26

27

28

29

30

Zhang Jing Li Wanqing Ogunbona P. Joint geometrical

and statistical alignment for visual domain adaptation
EB/OL . 2020-0647

p2374903824918. html.

Zhu Fan Shao Ling. Weakly-supervised cross-domain dic—

. http: //www. doc88. com/

tionary learning for visual recognition J . International
Journal of Computer Vision 2014 109( 1/2) :42-59.
Wang Jindong Feng Wenjie Chen Yigiang et al. Visual
domain adaptation with manifold embedded distribution
alignment EB/OL . 2020-0647 . https: //arxiv. org/
abs/1807.07258.

Jia Zehui Guo Ke Cai Xingju. Convergence analysis of al—
ternating direction method of multipliers for a class of sep—
arable convex programming J . Abstract and Applied
Analysis 2013( 2) :205215.

Hong Mingyi Luo Zhijuan Razaviyayn M. Convergence
analysis of alternating direction method of multipliers for a
family of nonconvex problems EB/OL . 2020-0647 .
https: //arxiv. org/abs/1410. 1390.

Hong Mingyi Luo Zhijuan. On the linear convergence of
the alternating direction method of multipliers J . Mathe—

matical Programming 2012 162( 1/2) : 129.

The Low-Rank Constraint-Based Cross Reconstruction for Domain Adaptation

GUO Weiying' FANG Xiaozhao> WU Baochang’~ TENG Shaohua'
(1. School of Computers Guangdong University of Technology Guangzhou Guangdong 510006 China;

2. School of Automation Guangdong University of Technology Guangzhou Guangdong 510006 China;

3. School of Public Administration Guangdong University of Finance Guangzhou Guangdong 510520 China)

Abstract: In order to solve these problems a new low-rank constraint-based cross reconstruction ( LRCR) for do-

main adaptation is proposed. Through the cross reconstruction of the source domain and the target domain the new

source domain and the target domain are constructed so that the same label data are interweaved with each other. By

applying the low-rank constraint the same label data in the two domains are aligned to fully mine the internal struc—

ture information between the same label data in the source domain and the target domain. The structure information

is used to learn the classifier to achieve better cross-domain recognition accuracy. The experimental results on five

public datasets show that LRCR has high cross-domain recognition accuracy.

Key words: domain adaptation; cross reconstruction; low-rank constraint; cross-domain recognition



