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ABSTRACT

The rapid development of modern computer technology has led to the widespread existence
of multidimensional data (tensor data). Traditional vector and matrix-based data analysis is one-
dimensional and two-dimensional in nature, which limits its effectiveness in extracting information
from multi-dimensional perspectives. On the other hand, tensor-based multilinear data analysis shows
that tensor models can make full use of multilinear structures, providing better understanding and
higher accuracy. As a natural generalization of vectors and matrices, tensor completion recovery
from some linear measurements containing noise is an active topic in many fields such as machine
learning, signal processing, and image processing. In this paper, in the case of low Tucker rank, three
sufficient conditions for completion recovery based on non-convex tensor models are proposed. The

main research contents of this paper are as follows:

The first part introduces the background of the tensor complementary problem and the current
state of research in China and abroad. The second part introduces the preparatory knowledge of
tensors, matrices and vectors involved in this paper. The third part introduces the related theoretical
results. Restricted isometric conditions are important in sparse optimisation as a guarantee of signal
sparsity recovery. In compressed sensing and matrix complementary, the restricted isometry condition
based on L1, L, and L1 — Lo and L, — L optimisation models has yielded rich results. In this paper,
we extend them to tensor models. Firstly, we study the restricted isometric property (RIP) of low-
rank tensor X recovery under the optimisation model based on the Tucker rank sum || X||. — || X 7,
and give a bound on the constant do,, for restricting isometric properties and an error condition for
tensor complementary recovery. An error bound for tensor complement recovery is given. Secondly,
the robust recovery under the optimisation model of Tucker rank sum || X||. — ||X||r with partially
known a priori support is established, and an estimate of the recovery error is obtained. Finally, the
generalised (L2, L1)-restriction isometric property of low-rank tensor X recovery is investigated in the
presence of impulsive noise based on the optimisation model with Tucker rank sum || X ||, — a|| X|| ¢
(0 < a < 1) restricted isometric property ((Ls2, L1)-RIP), and gives sufficient conditions for the
recovery of the low-rank tensor X" as well as the error of the recovery. The fourth part concludes the

paper with an outlook.

Key words:

|X||« — ||X|| 7 minimisation; restricted isometry property; low-rank tensor recovery;

partially support; impulsive noise
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51383.1.2 B3 25 5K XY HTHOSVDANB.1.3) R, Hre N(|Si=r, | 7> OH KB B4
7ﬁrank()((k)) = rg.

51383.1.2 33 3k B A IHOSVDAN(3.1.3) 7%, H1FYEE I P AR o] A 5, (|42 =
I In
I A

=1
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F=F XT=MIEDKERTA 2 RENMARIPHR

S1383.1.3 350 FmEe S M Ey R ERENTE, 1,7 C {1,---  NYHI|T| < |s|,
1T < |/, M@z, ®2')| < S [|zll2]|2 2.

T FEEHSEALG.1.) 5 @12 R IK B E 1 78 7 54, BIRIPA: 1.

TEX3.1.1 26 (BRERIPYL T, 1y ) ={X € RIVIDCXIN pank (X)) <rjyi=1,-- -, N}
X TAERHIX E Ty gy A AFAE D IEHEELS (1 1y o) TEAT

(1= 8 rae XN S ISONZ < (14 00y g X[ G.1.4)

JRAL, WP EF§ « RO X RGeS, 1y o) T IIRIPSS A

AP F, SHER — N ERKEH, B H|r > 0, KHIMHOSVD 3 EFEIH = S x1
UM xoU) o UM TR 36,3717 A, rank(H) <rank(S), ¥ M FH = Ho+Hi+- -,
Hrp

M1 = S(iirnt1e grny X1 UM xo U sy UM,

)

RS, oy B 52 51 B 52 32 31 Sl 7330 103K & 364t 90, T Elrank(H,) <
rank (S i i1, (i41)rm}) < 1wy Do), (0= 0,1,--+). BT FYOEU 7Y AR,
Hollr = ISgi vt e [Hile = 1Snmmst e art iy 2h = (0,05, o),
ho = (0", aﬁ’;h h o= (00100 he = (08 1 os), o R R

i KA E. @it HOSVD A 5] HE3.1.2 7] LA1E 3

(E+1)ry
e
EEEEIIYREE
[ Hill« = 17ill1, (i = 0,1,--). (3.1.6)

R 51 B30 34E BEIKREREDOLU T

HEIR3.1.1: HAEED AR SR EH, MK EH,,, HEANTRI SRR NTLE, r,
Pl C {r1, ro, - - -, v Y Hrank(H,,) <, rank(Hy) < v, WA E (Han)s SH) < 6 ril Honll 7
[ Hnll 7.
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EFIEMsk 2R R PRIPIAR

WERR: AR H o A, 58 AN SCRFSE AN AR ZZ 1 J A2 7K =, D]
2(1 = Gpyprnr) < 1T (Hi) £ F(Ha)lI3 < 201+ 6rptrn)
AT Ui a4 0] DAAS 3

[(§(Hm), §(Hn))| < % IS (Han) +FHa) 3 — I8 Him) = FHa) 3 1< 81y

EHE
SR (38190 L5 R R BRSNS 0 F

EIB3LL WAL — DN, 7, - ry) BT € RIvExexIn gk i bR H )
ST RS R T AR 2 7o, R

1
L4+ vZ4 22

Sar, < (3.1.7)

I, AR &858 0T
11 = F(T), IS ARG D) IR T 12

T =Tlr < Cop, [IT = Toll+-
2. Wb =F(T) + e, XEWeRATENIRZESEL, |lell2 < 1, IBARLAL B 1.2) WIRET 1 /2 «
||T* — T”F < Cl,rnT + CQ,MHT— 76H*

A,

rn=min{r;:i=1,--- N},

4 ’l"n(l + 527‘n)

Ch, = , 3.1.8
b Vin—1=[(V2+ 1)/rn + V2 — 1]02,, ( .
Cyr, = 2+ (2v2 - 2)dor, (3.1.9)

Vin = 1= [(V2+ 1)/rn + V2 — 1]0,,

MERR: BRAZE 1R R S5 1021 — R IR G 0, Bl iR 22 r= oitf. ALtk /R 4 g2 )
.
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F=F XT=MIEDKERTH L RENMARIPHR

SH =TT, BHIRENH =Ho+H1+ -, B, DET. T=To+T1 +---

SRAE ORI 5K &, T8RRI, W AL 3.1.2) Al

IB(T" = Tll2 < IS(T7) = bll2 + b = F(T)l2 < 27,

FHER3.1.1 5 B JUAN S s A] PATS 2

[(SH, SHN| < Orpir [ H P I1H |,

25 > 2iF,
1 1
1HjllF = 17jll2 < vrallhjlloo < \Fllhj 1l = \/rfll”ijlH*,
33

1
D IH;lE = Il < \/»’hOHI mHHoH*,

j>2 §>2

R HHAR I Y My PR, M 02 5 g, 551

0u1 oonllr = Hj{:?{ lr < “‘*”7{0Hm

j>2 \/7
HF TR BERG L) MEAME, (T + H)olle > 170l — [[Holls, (T + H)olls >
o1
[Hl e+ [T 2 1T = [T+ Hll = [I(T +H)o + (T + H)gll-
> I(T +H)oll« — (T + H)g I«
> [[Toll« = [[Holl« + Mgl — [ 75l
Ep

[Hall« < [[Holl« + 2[[T5ll« + 1H] 7,

G LISRANG LD I E | Holl« < /ral[Hol 7 FT AR 2]

1
Sl

Heonllr < IHollF +2—=IIT5l« +

\ﬁ

17

LT*H

(3.1.10)

(3.1.11)

(3.1.12)

(3.1.13)

(3.1.14)

1751l —

(3.1.15)

(3.1.16)
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