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Abstract

In recent years, matrix completion problem has attracted researchers’ interest in many practical ap-
plications. A lot of matrix completion methods based on low rank matrix recovery theory have been
developed. In these methods, only the low rank prior information of matrices is considered. However,
in the practical application of matrix completion, the local smooth priori information has not been
better utilized, which leads to poor matrix completion effect. To solve the above problems, this paper
proposes a matrix completion model based on weighted truncated Schatten-p norm and improved
second-order total variation. This model uses weighted truncated Schatten-p norm to constrain the
matrix with low rank prior. The smooth prior of the matrix is modeled by the improved second-order
total variation norm. Compared with the experimental results of many existing matrix completion
methods in text mask image reconstruction, the proposed method has better completion effect.
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1. 5|8

B IH 78 (Matrix completion) 28X T — AN Te &R IR RE, 8 I 0 HA R E ¥ oc R TR, 3
MRE BT R . TER, HEHEEA NS OSSR EEH ) Z 5 Ca BN H FRBEE )
[2] [3] [4)FAHLER222I[5] [6] [7] [8] [91554UIH. TEVF 2 MSERRN AT, AT BT 78 A R — %
HRARRR I B3 2 T AR AR BRE A i o DRI, R AR L7 ) 850 5 0 mT DS G (R Rk R DL R AL Ak 1)

R [4]:

min rank (X)

* (D
st. Xo=M,

H, X,M eR™", rank(s) R E EHFE M, Rﬁﬁiﬂhté%ﬁQC[m]X[n]([ik{1,2,“-,1'})EP

FIJCERAATE, MAELEME IR AR,

SR, T RRERECR AR HANESER), BT (D)Z—A NP MR 8, HE LSRR . N 1 ffix — n) 8,

SCHR[4] [1019 3 B A FAZ S BCRIE T HE BRI AR, TR =R A e an R A Ak e it .
min X,

o 2

st. Xqo=M,

e, X, =Z;‘fl“(”"")ai(X)z?%%ﬁ@)(ﬂ‘ﬁi?ﬁiﬁ, o, (X) Fm X 15 i DMRORIAF AAE .

BEIRZ VGRS IR Ly 1 IR I AR N AR eR R, ELSCHR[4] 28 Y 7 AR SR A BRI ORAIE, (B AR s B B
IR RAOEA — €22, P AR SEBRR ] o L 3R RAE AR A R R AR . X R T THERE I R — M EF
T FER R PR BOR Ui RIS A, M EECE SOV MR R E A, IF BRI /e, Xt
R ADARERA TAMER TR T A BERAZ B Bk s B i B R B IR, N T
AN EAG IR IR IR R AL, A8 IPE 1 — SE AL A RR eR B K& I e o NTE [11]58 A2 Schatten-p 1
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HORAE BRI IT AL, SRR |, = (20 p()) ,0< p<1.BILATAL 45H p =10,

Schatten-p YU EN 20 T2 70 %, 1104 p i@il&? 0 BT, M| Schatten-p YEELX R A E KB IT S /1858 . Hu
[12]55 AAE 2013 4R SN o, = M) o (+) AT R 5 ¥ (Truncated Nuclear Norm, %5 %9 TNN)

=r+l

1‘;%?,:HHT{’E%}}E%J’E%E{E*‘BAﬂ*Ei 13] (partial sum of singular values, {54 PSSV). %A 1) 4 %
Fe EBRET r MECKE A, Uxﬁd%ﬁ%ﬁ%ﬁﬁﬁﬂ SR TR RR 20 3 B ) Tt . GU [14]58 A4 in

KU . =m0 w0, (o), MRS, R R

FEINBL ) 77 2 AR AN [R] A SR G RR B AR 52, AT 3RS T X Bk R BCE dr i IE &R . 2 )5, TEIIRUZ
JEHA Schatten-p JEEIRH SN RIZEA -, Xie [15]Z A H TN Schatten-p 765, HFEXIXA

i / \ N " N "
L, = (e mor () 0< p <1, 4R T AR R

SR, LT BAF I A B R 70 7 VAR 2 B TR BRI — 2 R SR B 5, ISR — M RkR
B R E T s TESEPRI T, B T ARRRGX — 42 R e 50 (s B AME FE h A A IR AR 25 ) S B A5 2, 9,
B e e Je 5045 B - Han fir’ﬂi[mwﬁﬁ%@b@ﬂ%‘a%% SRR TR R IR e, R A
FAZTEERN 2 M 4278 7 R B SE 78 77V (LTVNN), 205 VR b JE T AZ I 201 75 16 mT DASR 15 58 4 (1) 6 R
AR . H LTVNN J7iE52 &t 228 0 (5, RS 5 = AW Bh 8 . Wang £ESCHR[ 17132 7 —Fhek
HER 438 43 Ju $(Modified Second-Order Total Variation), i% V55U 7870 BRI 7 BRI R 36X —
%1‘75‘6%% Ko HnT DR G 1 v AR 2 M 478 43 7 v i e AR I I B 8O

PR BAE K, AT AL Schatten-p JEECAIBWTZIGE L S, $EH T — AN FE T B
Schatten—p O Bt 2 R IR TR A AY(WTP-MSTVM), 1ZARALF| I InAUEINT Schatten-p TE 4k
X R R AR S A5 B S, RN R FH et — B A A 43 Y O 46 B R B T SR B S AR . AR E RIS E
T R FEB T — AN U N B AT OGRS, 8 SOASHE B A i S e R i T AT
FEH IR

2. WTP-MSTVM &84 7
ARSCERH T —Fh F R A AR R R S 6IE Se 505 B R A R IH TR A (WTP-MSTVM), 145 ) ik

2 FroR:
in|X[” +Allx
IIEII" "m,r+ ” ”MSTV (3)
st. Xo=M,,

Forbt | X7, R AR Schatten-p YERIATIRRRLATT. || X]|, 5, 9 X BOBCH B B 240 KL, 2

XPAEFEGHT i85 SR, A NIENE S8 NIRRT AR (3) I 5 0005 Lo
2.1. {RFRIEMLLAR
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m. n ) )
"X"MSTV =Zl: . l((Gi,j(X)) +(G:{lj (X)) ) (6)
= J:
/\EI:]

Xi+1,j_X,-,j i=1

Gi‘j]' (X) = X[—I,j +Xi+],j _ZX[,]' I<i<m (7)
Xi—l,j_Xi,j i=m
Xi,j+l_Xi,j j=1

Giljj (X) = X[,j—l +Xi,j+1 _2X,-,j l<j<n (8)
Xi,jfl_Xi,j j=n

AR, ASCHOBGE I A A AR A R T A (1) B ARAE DI A D (141, 7). (i-1.)) -
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3. WTP-MSTVM &R iR

XA IR (11), FRATTR A B J7 A3k 112 [20] [21] (ADMM)KRA H g AT HARA KA, 127724
BN TR E e, SIAGAR ISR Z, 1) (1) AT B AR T A A A il L
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minlX[, +2([2°G. ] 12 )
st. Zo=M,, X=2,
DU 5L 2) A8 B (384 ) FA% B H eR 0D s
min ((X,Z,4) = min x| +/1(||ZTGM | +|zG, ;)+<A,x_z>+§||x_z||; -

st. Zo=M,,

He, pu>02ENSH, AeR™ ZRifEHHIRE . BEIrRE(13)rLLE ADMM J5ikfeidk e — Mg
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1) BEEEZMA, HHX

X =argmin€(X,Zk,Ak)=argmin||X||Zr +<Ak,X—Zk>+§||X—Zk|| (14)
X X :

IRAEZ 25 SCHR[12]7] 71, INBGET Schatten-p YEE AT 36 46 9 1 R INAL Schatten-p Y EUE 3

min(m,n)
b, =5 wor (1)
min(m,n) r
o (X)- S (X) )
P =
=[x, - max7r(4.xB7)
w,p AAT:[rxr,BBT:Irxr

Hordr 4, B, 53 5l N e B SRR ) B AU 2 R AIE 1) B i (14) T e 5 R

Xy =argmin((X, 7, 4,) = argmin|X] +§ X —(Zk +%(Ak +A'B. )j

‘ (16)

EXL0-7, +%(Ak +ATB,), TIR(16) AT 25 SR 15| 1 31 AR AR

SIEL 1: CHERE Q A RIEMAN 0 =USYT, £ =diag (o, -0, ) » MI6)RIBAMM N X =UAV",
Hort A =diag(y,, .7, ) AT HRAL R R
n}f_ng((y,—a,-)%w,-yip), i=1,r 1)
st. 7,20, y,2y,,i<j
FIFT SR B 597(Generalized Soft-Thresholding, &5 & GST)RFE(17)F AT, HBEE TN

p-1

e (@) = (20, (1~ p))7 +ayp(20, (1~ p)) (1)
o <% (@), Way,=0. B, 3 =|o|-op(y.,) " . SREHERSESMHEERLS

2 SCHR[15].
2) FEAE XM A, Wz

DOI: 10.12677/airr.2019.81004 28 PNER ST IR YN


https://doi.org/10.12677/airr.2019.81004

WK 2

A
Z,, :argminf(XkH,Z 4 ) argmln/i( ) ‘Z X~ (19)
Zo=Mq 2
L B=X,, +4,[pu, ZRA5KT ZHEHCHTHE FR:
21G,G,Z+Z(24G,G, +ul,) = uB (20)

H 7 0 nxon BEALFERE, 2:30(20)72 % 4 1) Sylvester %30[22], "t MATLAB i & lyapXf L EH 3K

n

fif, B

Z =lyap(24G,G,,.24G, G, + ul,,~uB) Q1)
MR Z 5, BAMEATRERA9) IR
Zyo=Mg+Z, (22)
3) [ X Z, HHA:
A, =4, +:u(Xk+1 _ZK+1) (23)

PATR B RS e o N R 1

B 1: ADMM HEEKE WTP-MSTVM I &k

BN WOHERE M, , ENE W, Z8A, oMpifisHp kG, G, .
Bt fhERERE X

L WIgatL: X, =Z,=M,, 4,=0, k=1, u=10", u_=10°, t=1.05

1 repeat
2 e ER X,

3 (19N EH Z,,

4 JEE3)AFEH 4,

5 EHSMH: p=min(gp,), k=k+1
6 Until 35 BB A4 1R 5

7 REIX =M, ,+X
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4. HESLWERE SR

R B0 T 7 T 2 N T SCAS IR R R I . AR, D T R AR
BAVEA SR H H WTP-MSTVM B R 5 BLAE 1 55 41 5 Fh R B0 i € (A0 B SE FE AR R AE L3R 87 ) o 0 sz 56 4%
BT R EE . 31X 5 R AL 35 E IRLS [23]. PSSV [13]. LTVNN [16]. SPC-TV [24]F1 SPC-QV [25].
SEISHEELT 16 Tk K/ 256 x 256 15 2 I MG AR BRATS 4 ) V2 A3 IR (B 1) sk A2 BT 7 R 2
B SO IR 75 5 W BRI 2 Pz . ARSCRT A 1 S BR800 Intel(R) Core 15-4430 CPU @ 2.70 GHz
AERZE, TENATN 4 GB, winl0 #/E RS HITHE AN, MATLAB AN R2016a Fig1T.

AR B G A HE A5 5 FH A 48 F5 13 1 LE (PSNR) AN Z5 R4 FH AU (SSIM) T A SR 1Ak Bl 25 1 7Y o 3
FUR K . 2% CHR[23]F SSIM HITE4HsE X, PSNR HIE L0 R FTs:

2557
PSNR =101lo 24
210 Trar MSE (24)

serbhmse = (v -x7) [ floc| || Fem e eI AL M A AR SIAOR RG ERA 9E
8o IR MEBRER TR (G R R
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Figure 1. The 16 test images, all are numbered in order from 1 to 16, from left to right, and from top to bottom

B 116 3MIKE, BRNEEA, NEBITHRRES A1 E 16

Figure 2. Images are covered by the same text mask
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Figure 3. The effect of different p values on the mean PSNR of 16 test images
3. FE p BIERERT 16 3R E PSNR EH{E IR
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Figure 4. The effect of different p values on the mean SSIM of 16 test images

0.05

0.15

0.25

0.35

045

pfH

4. & p HYERERT 16 SKMKE SSIM FHEFE

0.55

0.65

075

0.85

0.95

M3 AR LR 2 p BUE Y 0.95 B S5 i3 PSNR P BME &K, BOREAF . 1T E] 4 Fe] LUE 21,

4.2. HESKEERR ST

A% P A S I S R AR AR HE R, BRSO g 15 3R R AS R BEAL A1 £E AR F: o
1, JF HA W A R AE B 1o RSP — B, FRATAT CLSE A Hh OOA B R R

FrE, ORJER AR GRIAG,  IXAF 2 ) LA e b A B 78 [

=

X SSIM PEMET &, p BIPUEX LG

Table 1. Reconstructing results by the above algorithms (PSNR/SSIM)
1. BiE EAREMEEE R R (PSNR/SSIM)

MAANK,  FTCAEASC R I ASEirh, A8 p BUE 0.95.

IRLS PSSV LTVNN SPC-TV SPC-QV WTP-MSTVM
1 2856 096 3047 098 3091 098 2978 096 3074 097 34.38 0.99
2 2213 091 2396 093 2443 095 2462 094 2613 096 26.73 0.97
3 2227 089 2545 094 2541 096 2578 095 2770 097 30.44 0.99
4 2114 090 2168 090 2269 093 2250 092 2343 094 23.57 0.95
5 2360 092 2518 094 2533 095 2540 095 2662 096 26.96 0.97
6 2285 090 2494 093 2574 096 2556 094 2730 096 28.07 0.97
7 2114 091 2330 093 2320 096 2370 094 2500 096 26.70 0.98
8 2493 093 2908 096 2733 097 2872 096  30.12 097 31.96 0.98
9 2112 090 2270 093 2294 094 2338 094 2466 095 25.12 0.96
10 2020 089 2132 091 2221 096 2215 092 2341 095 23.73 0.97
11 1812 0.89 2051 093 2064 094 2093 093 2269 096 23.77 0.97
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Continued
12 19.76 0.87 21.80 091 22.77 0.94 22.64 0.93 24.28 0.95 25.61 0.97
13 19.77 0.87 23.90 0.93 23.72 0.95 24.08 0.94 26.41 0.97 29.46 0.98
14 21.43 0.90 24.76 0.93 25.19 0.97 25.13 0.94 27.20 0.97 29.76 0.99
15 20.69 0.90 22.71 0.93 22.80 0.95 23.03 0.94 24.43 0.96 24.37 0.97
16 22.14 0.90 24.41 0.93 25.33 0.96 25.33 0.94 27.10 0.97 29.20 0.98

AVE 21.87 0.90 24.14 0.93 24.41 0.96 24.55 0.94 26.08 0.96 27.49 0.97

P RASCHR AL 5340 5 FERLLE 16 5K EME 1 S20 ) PSNR 5 SSIM fEARIISRIREE R, M
HHRATAT AR H, AR M BRI RREE 15 kI v 4, HSEE0FTYS PSNR E#CAEK, HAE SSIM fH -
AT ITE A 1 L T i, 7E58 1 sk v BIRATAIREAY Frik PSNR {H LE R ILEE — 471 SPC-QV
B Z B 4 dB, X6 MG A FR BR — MR KIS T, A SCHR AR YR BT B A 1) PSNR 4557
BIMEAVE) LS —H R SPC-QV £ 42T 1.4 dB. FA T4 IR AL ) SSIM ~F- 2448 th EL R BLEE — 45 1)
SPC-QV I FH4E = H 0.01, Ttk IRLS FJ SSIM “FH44E i 0.07.

5 MK 6 2RI 16 TKRFIEE 14 5K 8 v Gt & Bl E AT SOARFE MR 3 85 AL ORI, 3R o
RO, AR HBEAVRGF R R ERERE T k. ME S FIE 6 MEKE DA LLES], Bl
A TR tof PR PR 201 W 2 B e 5 EL LB AS B AT AT 1) SCARE 25 IR, 1483 IRLS Al PSSV 58 4 )
SERMMREZE, EEAWEH AR, 25 LTVNN BRI S5 RAELEN BN (54, 1 SPC-QV

(e) LTVNN (f) SPC-TV (g) SPC-QV (h) WTP-MSTVM

Figure 5. The 16th image is reconstructed by different algorithm. (a) The original image. (b) Text masked image. (c) IRLS:
PSNR = 22.14 dB, SSIM = 0.90. (d) PSSV: PSNR = 24.41 dB, SSIM = 0.93. (¢) LTVNN: PSNR = 25.33 dB, SSIM = 0.96.
(f) SPC-TV: PSNR = 25.33 dB, SSIM = 0.94. (g) SPC-QV: PSNR = 27.07 dB, SSIM = 0.97. (h) WTP-MSTVM: PSNR =
29.20 dB SSIM = 0.98

B 5. %16 kERBEEEATEMTERRE. () FE. (b) XAEE. (c) IRLS: PSNR=22.14 dB, SSIM =0.90,
(d) PSSV: PSNR =24.41 dB, SSIM =0.93, (¢) LTVNN: PSNR =25.33 dB, SSIM =0.96, (f) SPC-TV: PSNR = 25.33
dB, SSIM =0.94, (g) SPC-QV: PSNR =27.07 dB, SSIM=0.97, (h) WTP-MSTVM: PSNR =29.20 dB, SSIM =0.98
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(f) SPC-TV (2) SPC-QV | (h) WIP-MSTVM

Figure 6. The 14th image is reconstructed by different algorithm. (a) The original image. (b) Text masked image. (c) IRLS:
PSNR = 21.43 dB, SSIM = 0.90. (d) PSSV: PSNR = 24.76 dB, SSIM = 0.93. (¢) LTVNN: PSNR =25.19 dB, SSIM = 0.97.
(f) SPC-TV: PSNR = 25.13 dB, SSIM = 0.94. (g) SPC-QV: PSNR = 27.20 dB, SSIM = 0.97. (h) WTP-MSTVM: PSNR =
29.76 dB SSIM = 0.99

E 6. 8 14 kEHRTREEZEENTHRE. (a) RE. (b) XAEZE. (c) IRLS: PSNR =21.43 dB, SSIM =0.90
(d) PSSV: PSNR =24.76 dB, SSIM =0.93, (e) LTVNN: PSNR =25.19dB, SSIM =0.97, (f) SPC-TV: PSNR =25.13
dB, SSIM =0.94, (g) SPC-QV: PSNR =27.20dB, SSIM =0.97. (h) WTP-MSTVM: PSNR =29.76 dB, SSIM =0.99

R T2 1d BARELL SPC-TV [4F, EARAAAE — B AOSC 7 IRIE . bk, SR, AT
fIE8 WTP-MSTVM Jieors | HALFS AR FE S e P e, 5/ A fe mif) PSNR 5 SSIM $5 b4 3 7] -t 471
A AR N R R ROR .

5. BEERE

ARSCAE R 25 FE AR PR AR S 58 5O e B0 5 BRI, S T3 FIAUET Schatten-p E A5 it
R AR AR PR TSR A (WTP-MSTVM) . I Schatten-p Y4006 R OB 6 5615 2 BEAT 4
Ao I e B A5 S R it ) B AR oy VB AT 0T L SRR A RAER],  ASSCHR AR
ERAE E B BUE S R IR R A ROR EARELAL T A7 0 2 A AR e iR . AEAROR A AR, 34T
H 785 18 TR AL AR pR BOE I R B DA R 2N AN H e B 2 B SE I8 B BIBRATRO AL 2 b, DAMORERAG T
U MR HTEROR -

ELmAB
PR e m R S AR 25 9 BT B T H (No.XDIK2018C076) % Bl o
SE 3wk
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