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A robust tensor completion method integrating matrix factorization
and fully-connected tensor network decomposition
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2. School of Mathematical and Statistics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The fully-connected tensor network (FCTN) decomposition has attracted significant attention due
to its novel structure and superior performance. However, the effectiveness of this type of method heavily depends
on the choice of initial ranks. To address this issue, the Frobenius norm constraint is introduced to FCTN factor
tensor to promote the low-rank property of the target tensor. As a result, the proposed method remains robust even
when the initial ranks are improperly set. To solve the resulting non-convex optimization problem, a proximal
alternating minimization algorithm is designed. Extensive experiments on both synthetic and real-world data
demonstrate that the proposed method not only outperforms several state-of-the-art tensor decomposition
approaches but also exhibits significantly less sensitivity to the choice of initial ranks compared to existing FCTN-
based methods.
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0.6 -

0.4

02}

Initial rank

c. RPEZEN 20%, BT BRAEZE N 0.005
B 5 AREREERFA MRS KT T HSV #3555 T A RWIEEFLF SSIM 45 53

2) RFCTN 7 & R A 2N JE I 50 5 i) B 4
Mo X TFERAER (40 akiyo BidEh, RAER AT
LT 10%) F, RFCTN J7ikxt W6 #k it SUs P e
ik, BEELRFEE; 1M FCTN J7iEERIahHE K a
PERERA S TR X TRRFERIGE (W1 SR=5%) ,
JUE WA TR I VERE I W AR AR P3G T S 22, {5
FEAFEPIGERE R, B RFCTN 86448 T FCTN
Jiike GREW, TEMCREER T M ERR/NMY
WIRERK o 3K R A 2 00 I 5 B P sk ki, RBTE
Hprok &= B A B SARBERERTIE ™ (RIWIARFR
WAFRME /N, BB AR B IREUR E, SEI
R EEE.

3) RFCTN 7EA [RIEH 46 5 R AR 54 N 3R
B SR, T BiR oA, BITERCREE
HKEMT, £ KH RECTN i& & FCTN, #BM ik
PREUNAIIERR U R A SUR s MTE SR RS
BN, BRI A K Al i — 28 S+ RFCTN [tk
&, {EX} FCTN K finl fgr= A m. &1k,
IR SR, DA EE G R Re /) F
i, BEmE, EYImsRsehe 1 g, I

KIS, LKA FCTN 73 fif TV S B R E g
HAERE & . XA H T FCTN fEREHUAS 2 i
FHEMEINESE, HEEEFTE.

1.2

mmm FCTN

|0 | EmRFCTN

0.8 +
=
= 06
7]

0.4 F

02+

0

Initial rank
b. RFERN 10%, =i A hRiEZE N 0.01

1.2

m FCTN
|0 | ==RFCTN

0.8 F

SSIM

0.6 F

0.4 +

02+

Initial rank

d. KRRy 20%, e i A AR AEZE A 0.01

FEIE RIS AR AR R 2 I D Rk, HZik R
W KRR . Rk, ASCHTA SR 5K %
TR B S S
32 EigEE

ENSTP LS GRURYIEER(E N AR N R T
(HSV) TR # th 1 5 L AT A vP A, FES5 00
A RRAR K B A AT T A8, DABG IR
RS
32,1 17 AKE

Hui— N E -8, ¥EHkmE e 1 n
&2, JERAERRNS, Rk EIRMES (2,3, 4,
5,6,7) FikPE.

KIRBRTIERNEERN 5% 10%. 15% F
20% B, PANBIR M EE M iR % (RSE)
SR, WTEANRMER, RESRAMEEREE
N, RMMERH TFR%ERR. NRFITUHER
i, FTHE RFCTN JiETEAFLRFE 2 T B3R 13 i i
) RSE. FEl 2R (W 5%) 1G5
T, RFCTN {8 #1572 A b A 7 v 47— A4
BY, RASEIT HEE R,



55 5 ) VARTR, 55 R AR R O AR A3 ok B I 48 0 A ) 66 M SR LR TR 5 9k 771
®1 ARABEEMEHEE ENEZEXNHIREXLL
o 20x20x20x20 12x12x12x12x 12
ik 5% 10% 15% 20% 5% 10% 15% 20%
PRIk €/t 0.975 3 0.949 1 0.9220 0.894 5 0.974 8 0.948 9 0.9223 0.894 6
HaLRTC 0.9333 0.8147 0.0148 0.0118 0.966 1 0.7349 0.635 4 0.426 3
t-SVD 0.486 0 0.029 3 0.0137 0.0064 0.0247 0.0152 0.010 6 0.008 2
TT 0.099 8 0.1050 0.1153 0.088 9 0.091 8 0.058 7 0.006 5 0.007 9
TRLRF 0.092 0 0.072 8 0.0099 0.0103 0.106 7 0.067 3 0.008 0 0.005 6
FCTN 0.0436 0.0046 0.003 1 0.002 3 0.0452 0.0094 0.0017 0.0013
RFCTN 0.009 1 0.003 7 0.003 1 0.002 3 0.005 4 0.002 8 0.001 6 0.001 2

322 AR

BEST LB, ASCER 3 AN AIUIAT—N
ARSI (HSV) B X B v A g AT V4G

WM Br A ) % €5 40 40 2 akiyo.  container A1
carphone, BENMRAI K /NK 144x176%3%500 HiL il
HHE o SR AT B LR RIS, R INE
N 5% 10%-. 15% A1 20%. HIEEFEH EBR &
{5,6,7,8,9,10} FikE. £ 2 BxR T AFEKER
T, HITREMAEEAT S H 1 PSNR F1 SSIM &5

Fo AL, RAESE SR=5% i, RFCTN f£
akiyo Fl container # #1 I '] SSIM {H W& & T~ 5
g, BESEM; FN, %7746 PSNR E 7 HE
. AHAMPEEMREREMGT, Frid
RFCTN 77 ¥ 5 B A5 1 & L /) PSNR F1 SSIM {H ,
T HAb Tt k. BkAh, B 6 JB/R T container
PAEAS A 7732 F B 25 8, IF HAE e A
&7 B0 T % R R ROR X 3k, EOWAREL T B
PEITVEAEAN AT I 5 T L

#2 FRIFEEXEININBEE LN ESHERERITTT
. = 5% 10% 15% 20%

R ik PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
RUWIIE €7 7.28 0.0156 7.52 0.024 6 7.76 0.0323 8.03 0.040 1
HaLRTC 11.16 03307 17.67 0.546 8 24.24 0.754 8 27.59 0.853 4
t-SVD 32.03 0.928 6 35.76 0.967 2 38.05 0.979 2 39.95 0.985 6
akiyo TT 26.09 0.753 3 28.14 0.798 8 30.48 0.877 4 31.89 0.909 0
TRLRF 31.69 0.897 4 34.59 0.9423 35.42 0.9522 35.96 0.925 1

FCTN 32.68 09175 37.53 0.9681 40.39 0.9814 42.34 0.9876
RFCTN 33.24 0.9263 38.36 0.9729 41.17 0.984 3 43.23 0.989 5
pUWIES €T 4.60 0.006 6 4.83 0.0111 5.08 0.016 0 5.34 0.0212
HaLRTC 8.51 0.153 7 14.67 0359 5 21.12 0.699 1 25.22 0.844 0

t-SVD 28.81 0.895 8 3491 0.958 7 37.59 09725 39.71 0.9799

container TT 23.66 0.751 1 26.02 0.825 1 27.39 0.864 1 29.11 0.892 8
TRLRF 27.01 0.853 0 32.75 0.921 6 33.67 0.9318 34.10 0.9373

FCTN 29.76 0.8840 36.70 0.9597 40.61 0.9772 41.66 0.9802

RFCTN 29.80 0.8873 37.67 0.966 1 40.99 0.978 9 42.28 0.982 6

PURIEveis 6.83 0.014 1 7.06 0.023 2 7.31 0.0313 7.57 0.039 7

HaLRTC 10.69 0.290 5 16.87 0.504 1 22.64 0.698 4 25.66 0.804 0

t-SVD 27.18 0.798 8 29.36 0.857 4 30.75 0.887 6 31.93 0.908 7

carphone TT 24.59 0.690 1 25.77 0.7529 26.57 0.784 6 30.56 0.8758
TRLRF 27.87 0.793 4 30.18 0.864 7 30.88 0.882 6 34.38 0.929 8

FCTN 28.29 0.8053 30.56 0.8780 3240 0.9068 34.52 0.9319

RFCTN 28.67 0.8147 31.45 0.883 0 33.46 0.916 5 34.96 0.934 4

M ET H B HSV 2 — A K/ 60x60%20%20
1) 4 ik . BT HSV BURES NS 2 B AA
BRI A O, P B AR R I E
R, WEMRHEEN 0.5%. 1% 5% F1 10%.

B ERMES(4,5,6,7, 8 HIER. R IEBRTA
AR FE R R AN J5 1) PSNR 1 SSIM 45 5. W%
HETLUE Y, SHrE X iEM L, RFCTN 7k
TEFTA RAER N IHUS 1 &4 PSNR Al SSIM 45
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HRF R 54 %

B EREREE (0 SR=10%) HItEM T, H
T HSV £ A & B % B3 KA 45 1, RFCTN Al
FCTN Ji55Re i i s sk o, H o 1tkae
. SR, ERMERFER (41 SR=0.5%, 1%, 5%)
T, RFCTN JiE R E 0T HAh /7%, RIH 5
FraretEfmE @R 1. |7 R 7 Hh 3 — B

@% W% HaLRTC

‘)“}

SR=5%

SR=10%

SR=15%

SR=20%

SVD

TEARFR LTI AR, FHESmEEUL T 7 FHm
TR RO X k. I L R, RFCTN
F) EE el &t TR B S, IO, A R R
T HAD TV BMEEARRARER T (W1 SR=
0.5%, 1%) , RFCTN J7ikEANae A 20 /= o ff
BAoE 2 0 UG 0T, B B ) B R .

:
ﬁ
iE

RFCTN

K6 ARFEARFRRELRT container MK EMERE LR CyF7ERTMAL, B0REG IR H] T BOKIX )
£3 TREFZEE HSV HIEE LN ESERE R
ik 0.5% 1% 5% 10%
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
pUWIESEH 8.21 0.002 7 8.24 0.004 3 8.42 0.016 0 8.65 0.0302
HaLRTC 8.22 0.003 2 8.26 0.006 4 9.84 0.1318 13.11 0.342 0
t-SVD 8.68 0.036 7 9.66 0.092 3 13.17 0.287 1 40.38 0.988 9
TT 22.98 0.706 5 25.58 0.775 7 27.75 0.850 6 35.12 0.948 9
TRLRF 23.04 0.7222 26.01 0.800 4 39.00 0.982 6 42.81 0.992 4
FCTN 23.97 0.758 3 28.92 0.8641 40.99 0.9879 47.29 0.9966
RECTN 25.31 0.758 3 30.00 0.902 6 42.52 0.9929 47.33 0.996 8
3.3 BEMESIE ST Btk X T IENAL S E A RIVIGEME, R LR

AATHE L BT A RFCTN J7 75 7E AN A 3L i
ZH pFIE NS E VTG T B RER I . W
5k A akiyo A, RAEFR K E AN 5% 10%-
15% F1 20%.  SIZ56 7 3 %y 2 55 p I U & 4 1073
1074, 1073, 1072, 107", IE N Z Huft BUE N
107>, 1074, 1073, 1072, 107", 0.3. 0.5, 0.7. 0.9,
W RGESLE, AT S S B AR BE A RS M DL
K EERIWSAT N -

Kl 8 JE7Rs T AEAN NI o 2 5ORN TR AL 2 0w 4k
BN PSNR 1 SSIM &5 5. MBI ATLUE H, %f
TAFEWIGIE RS, FrigJ7i%/E PSNR A1 SSIM
fabr EMZEREBDN, RPHNZSHpRARITFIE

ff) SSIM {HAE4b A K, PSNR B AX 7E — 52 [/ Y
WS, Wt B0 T BT EE 5 i I S 5w )
WIUE B — B RS tE . A SZIR 45 S mT LA
NER: 0T HAR SRR, g Uk e
WS EuAIEW BN EME (a1 0.1) 5 TX T
BARRAE R EE, BRMIENASHEYIE (o
0.3) FEAF TR EESCR . EARSCH AT SE
Wrh, ARERN, f—¥iEmSEHeMIENitz
Bu BN 0.1. % E, RFCTN JFiEARLAEWEEAR
FSHOE N RFFE R ER MG, W HEX S5y
A RIFIEsEt, DERRTSEORTTME
J% P R AR



5 W INRFR, 25 BREFEFE R SRk BN R SRR sk B IE R T TR 773
B WK HaLRTC t-SVD TT TRLRF FCTN RFECTN
§III!III‘IIIIIIIIII!III!III&III
‘FEAEEREBEREEEPN
;!!F!III‘IIIIIIlIIIIIIIIIIlIII
FEEEFRFFICN
élll!III!IIIIIIl!IIIlIII!III!II!
FREBEBEFEPEFEFEE
7 ARTEAFESRFERT HSV FIE M E LS COIr BT L,  AR0E EUE R 4 T O X 0

[ SR=5%, I SR=10%[T1SR=15% I SR=20%

45 1.0
40 + 0.9
35 0.8
30 0.7
0.6
& 25t
z é 0.5
20 (%)
A 0.4
ISt 03
10 + 0.2
5t 0.1
1.0x1075 1.0x10* 10x103 1.0x107 1.0x10™! 1.0x1075 1.0x10* 10x10* 1.0x107 1.0x10™!
a. iS4
45 1.0
40 + 0.9
35t 0.8
30 0.7
25 = 06
& £ 05
[-W 20 w1 0.4
15 03
10 02
5 0.1
0 . S . S S N N~ 0 L SV I S S SN W
+\Q +\Q +\Q +\Q +\Q Q7 Q7 QO O +\Q +\Q +\Q +\Q +\Q Q7 Q7 QO
Q Q Q Q Q Q Q Q Q Q
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2 I
b. IEMIfLS %
B8  akiyo MLATINT 255 ¥ BUBE: 43 BT

T ARE W T S P EAR H AR K B
A X} 254k (relative change between two successive
estimated tensors, RelCha) K % #ft Ft #2 f RFCTN

TS . 1 9 BN T AR [ SR AR [ K
FEZZAE TR, akiyo LM 1] RelCha B 1% X X £ 19
Bk, WEFRTTLLEH, REEYGEENRM
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