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Abstract

The accelerated proximal gradient algorithm is one of the classic methods for solving tensor com-
pletion problems. However, when applied to Hankel structured tensor completion, it cannot guar-
antee that the completed tensor can maintain the Hankel structure. Therefore, based on the frame-
work of the accelerated proximal gradient algorithm, this paper proposes a new accelerated proxi-
mal gradient algorithm that can preserve the Hankel structure. In each iteration of the algorithm,
utilizing the |_-norm projection and the fast singular value thresholding method ensures that the
generated tensor preserves the Hankel structure. Moreover, this paper proves the convergence of
the new algorithm under reasonable assumptions. Finally, the effectiveness of the new algorithm is
verified through numerical experiments of random Hankel tensor completion and image restora-
tion examples.
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() PR BV [16] 5 3 I AR FE B [17] o A2 ENNHFEN TAER B K, $#H T —Fh & Hankel 45t
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T *||2 %12
:E(”Al_A F _"‘))I_A F)'
KitE
20 m, <[t - A |- AT
MAEFE 8, =20 7'tPm, =207 m,, oy =, :||A1—A* ZF , fifFa+b<c.,
GEATITE 44, TGP 45, GIFE 46 AL > kzlﬁﬁfﬁﬂj
2’["./40—.4* ?
<

FA)F A=

5. ¥{ECIE

N T HEHEE N BE R, AT E % HAPG 54 I APG BT HL# . AT L0 NP #8420«
SR W A BN TR A — LB 2B RO RE Hankel 5K BN 4 a1 55 38004 AN S B T
P45 55 524  BUAE 256 () BT A R 7 45 ) Matlab R2020a 47 4m A2, ZBLERC B N Intel(R) Core(TM) i5-8250U
@1.60GHz, M1 8.00 GB, Windowsll % % {8 P8 N is47 5230

5.1. BEHL Hankel 3¢ E4h2
A /INAT S 2 EE BE AL A P R A 1) o 3 3 T B ATL AR BRI AS R K/ Ik Hankel 5K Sk 47 #b 42,
MIfT B 5L HAPG 54 85k APG. BENLIK &2 9K &1 Tucker 43 fif A I :
T=Gx U x,U,x;--x Uy,
Hr geRv ™ W 2k E, U eR"™™ n=12---, N N KL F, EFxF4E%505 78 50 x 50 x 50,
60 x 60 x 60 50 x 55 x 60 il Tucker ¥c4351 (2, 2, 2)F1(5, 5, 5) I Hankel 5K 31T #h 4. K ERAERH p

KFR BUES 1N 0.3.0.4.05. FELE I S HE BN o =% n=07,2=10", 4 =Y a [P, -
i=1
Table 1. Comparison of HAPG and APG when p =0.3
1. H¥p=0308}, HAPG 5 APG ByttE
KN s AT BARIREL CPU I [Al(s) RSE

50 x 50 x 50 2,2,2) HAPG 51 3.5622 1.0119E-07
50 x 50 x 50 2,2,2) APG 404 12.4566 1.3689E—02
50 x 50 x 50 (5,5,5) HAPG 48 4.1882 1.9041E—07
50 x 50 x 50 (5,5,5) APG 331 17.9997 1.8155E-03
60 x 60 x 60 2,2,2) HAPG 49 8.1870 1.7418E—-07
60 x 60 x 60 2,2,2) APG 327 18.8714 1.7757E-03
60 x 60 x 60 (5,5, 5) HAPG 48 7.1464 1.8177E-07
60 x 60 x 60 (5,5, 5) APG 326 16.5799 2.9050E—03
50 x 55 x 60 (2,2,2) HAPG 50 5.2405 2.2166E—07
50 x 55 x 60 (2,2,2) APG 342 16.0661 3.5862E-03
50 x 55 x 60 (5,5, 5) HAPG 48 5.2017 1.8730E—07
50 x 55 x 60 (5,5, 5) APG 336 17.0260 1.8636E—03
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# 1-3 4 T HIE HAPG 5 APG 7EiEAR R E . CPU e [A]FN LIRS 5 T T A B0 B i 45 2R
1A CPU B[R] LAFD A AL, SRV FROHG 152 FH AR X 451 77 % 2% (Relative Standard Error, RSE)#EAT VA,

AN

RSE =

KT,
il

H5
HRik

Horpr AN T 353 308 IR sk B AN Sk i e U . AR IR BUE A R W, OB R R is IR B B0 T
APG %, P 7O Ok, HENERLS RIS AT R A TP, R T e AR BCR
WEAh, B ERAERS BE 7 T R AT S kR . 2 1~3 1) 18 AN BARBUR S M R B, B SHVETE CPU
I IE] . AR B2 5 T T APG k. 25 LATR, ST AR SE T8 Bk iA k.

Table 2. Comparison of HAPG and APG whenp =0.4
2. Y p=048}, HAPG 5 APG ByttE

K Vs CA7S AR EL CPU Hi [ (s) RSE
50 x 50 x 50 2,2,2) HAPG 39 2.6959 6.3945E-07
50 x 50 x 50 2,2,2) APG 54 5.5029 1.3890E—06
50 x 50 x 50 (5,5, 5) HAPG 37 2.5964 5.7245E-07
50 x 50 x 50 (5,5, 5) APG 52 5.4613 1.0550E—06
60 x 60 x 60 2,2,2) HAPG 38 5.3335 3.9458E-07
60 x 60 x 60 2,2,2) APG 58 7.2416 1.6587E—06
60 x 60 x 60 (5,5,5) HAPG 37 5.4985 5.3087E-07
60 x 60 x 60 (5,5, 5) APG 58 7.2750 2.0358E-06
50 x 55 x 60 2,2,2) HAPG 39 4.1615 3.4127E-07
50 x 55 x 60 2,2,2) APG 61 6.0741 3.0991E-06
50 x 55 x 60 (5,5,5) HAPG 40 4.4156 5.2058E-07
50 x 55 x 60 (5,5, 5) APG 77 7.3773 7.0927E-06
Table 3. Comparison of HAPG and APG whenp =0.5
3. Y p=058, HAPG 5 APG BYyttLE
K Vs CA7S BARIREL CPU I [fl(s) RSE
50 x 50 x 50 2,2,2) HAPG 42 3.8150 2.2917E-07
50 x 50 x 50 2,2,2) APG 105 5.0253 2.4126E-05
50 x 50 x 50 (5,5, 5) HAPG 41 4.4324 3.2083E-07
50 x 50 x 50 (5,5, 5) APG 122 6.0840 6.8978E-05
60 x 60 x 60 2,2,2) HAPG 41 7.1227 3.2009E-07
60 x 60 x 60 2,2,2) APG 110 8.3881 2.0665E—-05
60 x 60 x 60 (5,5,5) HAPG 40 7.0135 3.1990E-07
60 x 60 x 60 (5,5, 5) APG 103 9.4540 2.4405E-06
50 x 55 x 60 2,2,2) HAPG 41 5.1206 3.2042E-07
50 x 55 x 60 2,2,2) APG 101 8.1390 3.1291E-05
50 x 55 x 60 (5,5, 5) HAPG 42 5.5192 3.2940E-07
50 x 55 x 60 (5,5, 5) APG 109 6.2233 4.0509E-05
DOI: 10.12677/aam.2025.144196 685 IS B e


https://doi.org/10.12677/aam.2025.144196
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N p=03KEE T, XF 100 x 100 x 100, #N(2, 2, 2)ff Hankel 7K &:, 43 5{# FH 513% HAPG 1 APG #E4T
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%, WK 15K 2, ANTSEIGSES 5.0 FIAHE, [FE A A (S B LU (PNSR) SRR B S RUR, HRE R
L/

N7z,

lA-7],
Hep n FoRiKEPBREMANE, T, ERBEKENRKERE. dxZEBEERE, SRR E
2. 1, B2 sesta R, HiEgsT T ERGBE RS E NEIEE8UR .

PNSR =10log,,

Figure 1. On the left is the original slice image; On the right is the sampling slice image

B 1 ZARWVIAESG; GRARETRES

%

N

7 N

Figure 2. On the left is the image repaired by the APG algorithm; The image repaired by the right HAPG algorithm
B 2. £ APG HiAEEMEI.; A HAPG HiAEERIE,

6. B&E

ASCERR Hankel SKE M4 FREHE Y 1 — OB AOFE T 1, L) CRES MR SRR B ik . AT T
AR AR L SHVANIMESE, R VUSRI, AR E K BAR 25y Hankel 454, [R]IN SHLRERS
RFKE SRR SR, JFERIE b, BATEM FF R S BB T st e, il
SRAFBEHL Hankel FKEAh 4 i)l 5 B 5 12 R S 9 S0 E Se gt — 2R T 5k i 2tk
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