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Abstract

Low-tubal-rank tensor decomposition has been attracting attention of various fields due to the re-
al application in image processing. However, conventional algorithms for tensor decomposition
utilise the entire data to obtain the Low-tubal-rank and sparse components of a given tensor. Alt-
hough many existing methods have fast convergence rates, these methods ignore the fact that
small singular values contain little information. Based on this fact, we come up with a new de-
composition method. Our method can simplify the tensor decomposition according to constrain
the nuclear norm. Compared with the experimental results of many other tensor recovery methods,
our proposed method can obtain a better effect.
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It I PR i FR R R S s AR R SRe e, A e RIS rh R AN A2 SR AR 4 45 44 1) FBAR 2 AE IR 43 Hr
PR, ARG, HEERBE 2 M [1] [2] [3] [4155 77 e 4 R SR e ] . —fOkvE, ok 3king
E MW BN BAEFERE D e R™™ , AZAERER H1 o5 — AMISRRFERE L e R"™™ 1) H b — e p 3K M P 5
RS20 7 NIAERE D sk S L, FATAE D AT BN D = Ly + S, » Hert Ly R MRBRAERE,
1M Sy T RARD— I TR A TN, FreARAIFR S, MM AR (X LA E T n R By e wAl) . N
THRPGX AN AR, SCER[S14 T F #5354 (Robust Principal Component Analysis, RPCA) /723K M
BiE YR D R H L

min s A[|S|, +|L[, st L+S=D. 1)

RPCA 7E % I I (8] 4 (7558 PR KR R AP IR R RO A e ik, BT A it vz b o2 2508 2 b T
B BREE, 7EREEDL T RPCA R REACERFT FEE s, BRI 4E50eH . AT 4 550 (R 5k &) 78 5
BrAE VG FIRMIE TAEPREAL AT 0L, than e, sl G o g gm i =B sk &E: 17, FIeRm
AT ME R B R n] DI 9 DUR sk & . SRE RG22k [6], MUIAAE7], BdETzs
P[8], T FARI [ E A FE T Z N Mt FikRE 00w, Bk, e —A =ik
BEDeRY™™, EA MR ERND=L+S, Hh LA S AR ™" ff2 [a] 43 il B A A
B R 4544

EAREENZ, KTKEKRWE I RME—R), Fh 8 R 2 0P Fp ok & Fk 2 H
CANDECOMP/PARAFAC (CP) [10]43-f# A1 Tucker [11]43f#15 ) CP £k A1 Tucker Fk. {H iR FEFFLH 2
SCERA R R SCER[12] © & UF B IERH s T CP #J2—A™ NP-hard (178, 1fi Tucker Fk & —A ) &1
JEbrE, AEAEHT BN AR, AR T 5K & SVD 43 f# 1) & #k (tensor tubal rank, W.5E X
TVERTK BRI T o BRI sK 8% 20 R R AN RS B35 23 v DLE I T 19 5K & & # 3 B4 43 17 (Tensor
Robust Principal Component analysis, TRPCA) ] &>k 75

min, ¢ 2[S], +|€]. st £+8=D, @)

SEp | A0, A BIACTE £, OB BB (A AE R 2 30 A NENLSH, T T AR B
. [ 1R R RS S X5

DOI: 10.12677/airr.2020.92008 65 NTERe S AR


https://doi.org/10.12677/airr.2020.92008
http://creativecommons.org/licenses/by/4.0/

Pt

o .0 il : .' —/ + * .o . : | .
. - LA I —/ . . L
- y . i . . ’ . ’ °
T 15 G T A 6 e ICRRSE R s AR R (e A8
S e ® e e /’/ e * o o ‘
. i : . o.. / ° ) : . -.‘
o o — + «
o0 - e °*H* — o0 . e e *
. ) . 1 . . % ° ' . * . . ¢
5 B T 5 fICE R K Tt S Caa A ()

Figure 1. llustration of matrix and tensor decomposition
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SIS TR B o R SCRR[13]45 th sk BEAZ VU 8 SCRIAIWT sk B RE TS A7 MARAH M1, Behb
R T A 22 8 7 1R 3fe 1 (Allternating Direction of Method of Multipliers, ADMM ) fi# 4k TRPCA i i ,
SRIGRPA R, R R Q) NI R, BT LAE 2 TG ) Y Bl ke, (BBl 5 5K SRR 9K,
TR (R AR A I e R B I 3 10° x10° x 31, HLEFEITII+Z AN A GBS 58 oy
fifto MSCHR[14] [15] b T AsnSE, X THEREM S, AE A7 S E QS KRR AEE S, eV E
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8 Lo AT AR E SRR, 2 PRSCIER R R, BATZ SRR E T R T —
ANFETHEBZTEE TRPCA Hk, HTHEARMHMMECEEE TkENTEGER, IITEEEFE/M
A SFE AR TR R R . B a ASCEE N BB VAL, ESE T IRATTR TR R OL A R
2. RBHMHEXEXSEH

R R TR AR SE A RIYEE A BRI, O 7 J5 8 X 7 LR AT S, A ga sk B Ae ¢
5E LA R SR B3R A B WA E BRI o AEASCH, A LA NS bk e, BIAARE 78 A
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A(l) A("s) . A(z) A(l)
(2) o ... A0 (2

bcirc(.A)dif A‘ A ‘ A_ , unfold (A )= A' , fold (unfold (A4))=A
A(”a) A(”s = A(l) A("s)

SEX L. (KA [16]: BILHKE A cRY™ ™, BeR™™ ™, 0l A5 BH5KERFIIHE N
R™% - AxBZ fold (beirc(,A)- unfold (B)) .

SEN 2. (BKESLHIEE)[16]: HILTKE A cRY™ ™, g A" e RW™ ™ N ILHIHE FikE, JEH
A (D) =AY, A= AC N —i+2)" =230, H RRMFE SRR

SEX 3. (PALEKER) [16]: WIR—ANKE T e R™™™ , JEH T (05— ERYI A 24 nxn BERAHE
W, JERIEMYIT 448 0, WIFR Z Nk,

SEX 4. (IEACHKE) [16]: FRIKE Qe R™™™ NIEACTKE, WIRHAWL Q' +Q=0+Q" =T .

SEX 5: (F-XH Ak [16]: KA e R ™™ Jy F-Xf Mk, s A e — A IEm)H AY #5% f
R

SERL 1. (T &3 57 (H 5 t-SVD) [16]: AER— N3k A e R™ ™" #R] LI /HE N

A=U*T*V",

Hfy eRW™ ™, YeRW™ S NIEZKE, TeR™™™ Ny F-X k.

SEX 6. (REEFK) [17] KE A eRY™™, HKBEFREMMNA=U+Z+V", WA KEE X
VAR DTS O SRR i FNNE /I

rank,(,A )= max rank(Z(i)).

EX 7. (K EIEVEEANZIEE) [13] HikE A e RV ™™, HikKEBARESMANA=U+Z V", Hif

JEBAAZEE A N
i
o beire (A ) NERAEFERE, 1 vE XL 6 HHIE L.

ZRHEMNAEH T EHSW EBIRKEMRIE X S5BH. kER DIMUNHERERHET, XF=Mik=
M5, M) DGR RE: AT PSRRI n, = LIRP IR SK & . 36 R SR E A B H 2RI
ARME, NHBRAFEL THEKEN IS, /. KERM U LKET RES RSN S A T
(AT J5 A A I A 5T .

3. FEFAREE
3.1. B RRM:

FESEPRAIE A AR, OB R BT L, T2 K2 B0 (&) 7 452 L RGB [T (i sk MM A7 )«
BHARKYE, RGB WG AT AN — P =FrikE A e RS, EN=/LIVIA AL, A(LL2),
A(:53) MR EL, 2x, BE=NEIE. W0 HX T B AR T AR, e T RER IR BE G &
AR £ [18], I Haz P i BT i 28 T DAL 3 A i SR a5 2 T N 37 (8 AR IR AN
HTE, HRARRELE, XA E AT AL, IR ORI, X R AR E AR AR
Ko N T RAEEME P A7 RRREE K, 18] 2 R 7 =D AFUEER B, R4 7 +-SVD -

def

peire (A ), 4], £ 3, 5(0i2).

DOI: 10.12677/airr.2020.92008 67 PR ST IR YN


https://doi.org/10.12677/airr.2020.92008

Pt

F MR YR A AE. AT LGS RIE 2], BT R ERITEEAEF R, e P TR, JFH
MRS %, AR — NS5 AR R R T R WIRLEA RS M B A st aT BLRGE, e
WE A PRI R, XA A A AR A A A7 7 1Y, B 3 A2 R A IRk a5 R B

(a) example image “Lenna” (b) example image “Landscape” (c) example image “Suntlowers”
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Figure 2. (a & A) Image “Lenna” with dimension 512 x 512 x 3 and its singular. (b & B) Image “Landscape” with dimen-
sion 3225x2491x3 and its singular. (¢ & C) Image “Sunflowers” with dimension 5272 x 3997 x 3 and its singular

2. FTERIE R G Rk (a F AR A 512 x 512 x 3 B F “Lenna” AR ERIE RE. (b #1 B)4EE A 3225 x
2491 x 3 HIEIF/ “Landscape” AR ERIZTF{E. (cF1C) 4EEH 5272 x 3997 x 3 WIEF “Sunflowers” KIR ERIE
&

3.2. HERRES 5K ME

LRI R, A SCR RIS 1B AR SRAR Sk i € B PR M AT IO, LA AR b
T
min, s A|S|, +|c], st £+S=D,, ®)

H5e(01), FakETREMRER, U5 =061, D, XaREWNKE D HT60%HI 7T 514 -
HI T 5K R AV B L +-SVD il e 2 (055 — AN IR T U A Ay SR 2 A SCE, it LUK AR 2(:,:,1)
BEAT AT ZAE AL 1A R A 3G Rk B H B EO -

L (£.5Y.u)=|c

*+l||8||1+§-||£+S—D5||ZF+yT(£+S—D5) (4)

Hop p NIESIZHL KR Y B SN RIRRS B H 1. ADMM J5 7540 B 2 42 AL A 1) i g % 00 JE AR b5
FERE— T, DORBUTh — AN AR, HARMOVFHORGE, RERRIEENZR, R4
ZUGEA, i R E 1 L

1) BWEZES, YMu, EHL:
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L. =argminLy (S, Q. 4)
A

2
+2.ﬂ.%(ﬁ+sk—1>5) (5)
2

k liF

=argmin| L], +%~||[, +8 - Dy +

2

L+S, —'D5+%

; Hy
=argmin|L||, +—--
lel. +4 o

F

2) e L, YMu, FHS, B, HINA:

S,.. =argmin 2|8, +%- L, +8-D, +;% ZF (6)
3) METES, LA, BHY:
Vs =N+ (L + Ss = D) (")
4) TS u-
Hicya = MIN(OLh, e ) (8)

i EIRR I, FRATELAE 25 A P A A% Y HOR AR D ) 71 (4) (532 -

Bk 1. FIH ADMM 7532 KR AR AR AL 1] 15 (4)
BN W= DeR™™™, S8 A, FRMEREES
1¥Etk: £,=8,=), p=11, u,=10°, u =10, error=10"

2.5 D HIRZIEHHEATHW, AR D R EKE £(:,:,1) BIATH 6 - min(n,n,) ASAFRE.
While 435H WS

3 ()XW L,

43853 (6)NFH S,

5385 (7) 2 ).,

6.5 HZH

RSB R TR | L, - L], <error s |S., -S| <error s |G, +S,.,—D,|, <error
End While

8Hith: L, S,

4. KWHERS5 73

TKRE B R A ATE IR 0, AR S J7 T A RN 2 . BRI, 1 SIEFRAT T BT H )
INERIE RS, FEARTT R IRATH 25 53 4 ki e BUER 28 BRI EER )2 %) RPCA [5], SNN [19]
JIEHATRA . B2 RPCA R BRAbFRHE FESE, P AEIR SR (8 i, FoA TR TR O & s — A
EHY A, RGHEEN—KE. @2 RERAER, TR IR REBR T R E R, A1

&L RPCA &% zzmin(i -k SNN IS8 2, =4,=154,=15, AT TS5
11772

A= (min(nl,nz)n3)’°'5 o AT S S FA 4 A Intel(R) Core i5-8250 CPU @ 1.60GHZ Ab# 2%,
W47 9 4.00 GB, winl0 FITH5EML, FERAY R2016b i) MATLAB Liz47.
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VRO LS B AR, Bk ST

(2utp 125 +(0.010)") 20, 5 +(0.030)")

PSNR =10log =
. (,u%, + L+ (O.Ola))z)(O'12J +o5+ (0.0360)2)

1 ~
n,n,N,

Hh DB RN, B FIAREAIITR T .15, 09,0,5,0, 5,0 5 BIBIA TR BRI et
I, KRS, U LR MR (AN TR KPR SR, ARFR AN
BT

4.1. B o BHEE

FEHBEAT B SRR, FRATEIN p = 0.2 Fy & e ok A5 g a M lsk & D, RIS A L,
BEALIEH 20%[¥1 762 A H N[0, 2551 FIBENE . MEA N TIRATE R FE S8 XA 1R 0k
frsgm, FATA0.2, 0.95]F&EEIKE 0.5 FEATHUE, Kl 3 /R /S8 AR s ARIUE T, KR
“Lenna” MK R AN R I (7]

BATTURBEMAE H, BEE A RERIIE K, PSNR EAFT 75 BAE 37 A A &R 7E B W8 K, (Hie
§>0.75 0, WA A E; 16 =09, PSNREISRA, FUILAEFHEIKSKF, BRATERE
5=09.
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Figure 3. Recovery results of our method on image “Lenna” when corrupted rate o =0.2, and singular value keeping rate
6 varies from 0.2 to 0.95
3. HiSRE p=020, FRERBERS M 0.21HKE] 0958, EH “Lenna” MIREHR

4.2. BIEWERE S

N T TN THEAE EUR LRI BRI, AN 2B 5 5KAN R UL (B Jr SRadb AT sk, 5
AN p =02, I HAE5RICER KA B NEGERFIN, Frelal AU K E S - FF HATIH L3
WAL 7, SRR EUER A Bl R ARARIN, DRI AT ASE TS e 5k & D (50 i L, MO8 TRPCA (),
BN TTERIRIE SN 4 s -
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Figure 4. Comparison of image recovery. (a) Original image; (b) corrupted image; (c)-(e) Recovered images by RPCA, SNN
and Ours, respectively

& 4. BRRERAILLE. () BB R; (b) #538ER; (0)-(¢) 7RIE RPCA, SNN MAH G ASRINREE R

Table 1. Recovering result by RPCA, SNN and our method (PSNR/SSIM/Time)
& 1. RPCA, SNN FEAI8975 7% H0 R S R(PSNR/SSIM/Time)

RPCA SNN Ours

PSNR SSIM Time PSNR SSIM Time PSNR SSIM Time

1 27.0824 0.9643 31.49s 29.1129 0.9764 66.68s 29.7939 0.9801 37.12s

2 25.2466 0.8624 44.97s 27.5576 0.8998 105.85s 28.5208 0.9368 59.72s

3 21.9990 0.7919 44.36s 24.2700 0.7898 104.19s 24.3273 0.8370 62.31s

4 25.9929 0.8940 42.71s 28.0183 0.8930 103.46s 27.9924 0.9268 56.79s

5 24.0668 0.8522 47.86s 26.9679 0.8902 111.83s 27.5271 0.9247 62.78s
Average 248775 0.8730 42.28s 27.1953 0.8898 98.40s 27.6323 0.9210 55.74s

LR B EA B RE SR, 45 PSNR, SSIM LU B X =/ MEFRIFIXT L . MIKEBURKE
AR TR0 LR e F, HKO& SNN, RPCA BRI ZE . LA PSNR HSFIME ], BATHITT
1 RPCA & 1 2.75, AT 4 thtin] DR B, ()2 B AR WS ) 2R ECRIAN TS b, 1 R 3
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IR 5 1025 M 5 B S ARG ST o, J LT AN BB S S5 75 . 1R AT AE A2 A RPCA ¥ % R Bk &
(RIREAR S HAT, T A2 T BRI LA A R P R B

SNN S T3k 2 K ROR WARANES , (RN 77515 2/ PSNR FI1 SSIM 472 b SNN K155 . If
H BT E] F2RE, SNN YKEFTIERIn [ 2 pg K, JLT 2301w fs . S e B EiE e,
SRR R, AT IETER AR 24 E s & s &

5. BEERE

ANSCAE G5 B TR (0 v R 5 R A SR R OBk, 3R 1 ) P AB TR Y IR e ke 5 B 8 T A
o AT, B LUK — NS e Sk R R E AR K AR oK R, AR R0 H 1. TR
R A A ZAE ), KRBT AEOEERRD, TR ES, ETXEE, &K
A LR A AN RIS RIS IR AR I H 9. WSEBh AT BLE ok, AT
T3 AT AR BN I PSR GF O ROCR, AT B AR 2 ) SNN At RPCA #ERL . 78 2 JE i TAFH, 3K
AITRT LA 8 R sk B PR SR I, 3SR A B R T 3, AR SRS 47 1 R M ICR

E&WHE

S R AR MY 2% 9 T % 4 B B XDJIK2018C076.
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