5 49 B3 3 [V PN {QEFS R 2 07)) Vol. 49 No. 3
2026 4F 6 H JOURNAL OF NANJING NORMAL UNIVERSITY ( Natural Science Edition) Jun. ,2026

doi:10.3969/j.issn.1001-4616.2026.03.001

— R AR AR SR B dse /B TR 1™ 23 AR LAY
Xt PR ADMM 5L 5E
KEE LK K, LA, BEA

(LB RS 7 SR =22 B, 280 Sl 243032)
(24832 B SCHA4 Bt VL5 i iE 223800)
(3. RIE 2 R G AUAR PR T E AL, VL5 B AT 210023)
(4. B SRR R VR0 A7 BB B2 BE VTR Bt 210038)

[FE] PR/ MR R Y AR L, AR SO BT — R R R B0 R ™ 432U A SR ™ 432
BRI (R ] oA s, BT T — AP AR ADMM B89 SR SR A i AR . X FAE B2 1) ADMM , 3% J7 2% 76 3¢ 7 B 37 30
AR I T R R K o, ZFRECA A T INBE RIS, PR Y B ST 8 TR TR S S R
LRSI, ) A U S8 IR T I A A

[RER] AR UA X PR ADMM, Y Sietk:.

[HESES]0221.4 [XHEFREBIA [ XELHS]1001-4616(2026)03-0001-09

Research on a Symmetric ADMM Algorithm for Solving Nonconvex

Fractional Model of Low Rank Matrix Minimization Problems

Zhang Siyu',Zhang Xin**,Shen botao*,Ge Zhili*

(1.School of Microelectronics and Data Science , Anhui University of Technology , Ma’anshan 243032, China)
(2.School of Sciences and Arts,Suqian University, Sugian 223800, China)
(3.Key Laboratory of Numerical Simulation for Large Scale Complex Systems, Ministry of Education, Nanjing 210023, China)
(4.School of Mathematical Sciences,Nanjing Normal University of Special Education, Nanjing 210038, China)

Abstract: Due to the nonconvex and discontinuous properties of the low rank matrix minimization problem, this paper
considers a nonconvex fractional model that approximates the rank function. By exploiting the separability structure of the

nonconvex fractional model, a symmetric ADMM algorithm is developed to solve this model. Compared to traditional

i
ADMM, this method incorporates a relaxation coefficient a into the multiplier update term A*2  which allows to speed up
the convergence of the algorithm. Under suitable assumptions, the subsequential and global convergence of the new
algorithm are established. Finally,numerical experiments are performed to verify the effectiveness of the proposed method.
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e R BN ae (=1, 1) BUA [RIE 0 vk 455 R il 52 .

B, W — R r BERE X o MM, Hoh M, e R™FT M, e R™"J& 1 MATLAB £iv4 rand BELAE
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Table 1 Iteration time and number of iterations for different a values

min A
X

a -0.5 -0.3 -0.1 0 0.1 0.3 0.5 0.7 0.9
Time/s 20.31 12.77 9.30 8.16 7.31 6.15 5.52 527 5.39
Iter. 398 248 177 155 139 118 104 929 100

4.2 EIXHEEXW

AN 3 0 LS UG BSE HEA T S5 BR PP A AR ST PR AL A Rk SR h SR B A =50,8=
0.5,4=0.05. FIRFLIL A EMRAL R R BRI E AT AN 2 IR Y (L EATTHY 2245 B2 R K 1Y 4F = ME
g, L, vT RRRBE MR R e AT, BeAh, REIR A 1) UG th T o g IR sl #3814, Jor LA mT LA
PR SRR S S PR, A E— 350 «=0.7 B A9 SADMM 5 3CHR[ 1169 SVT, [5]H14 SC, LA
K[ 13] 9 AIRNN 47 Heg.

&1 02 T = 5K ) Y 2B 1 RS . Boat (512%512)  Spillikins (512x512)  Peppers ( 512x512) Fl =
AR R KR  Tree (300x300) House (256x256) | Sky (512x512) , 3 HLil it BEHL 2k 50% By H 5%
%}Eﬂé*&ﬂ@%ﬁiﬁﬁb INEGEPSEO. Hﬁj‘ leI 1A 25 TR SADMM IR &2 &%

P S
P <&

Ve

Bl 1 M ZEZIA :Boat. Spillikins , Peppers, Tree . House . Sky. % —1T. [RGB R, £ =17 . RIFFHEE , £ =17 . SADMM & & H K E 4.
Fig.1 Left to right:Boat, Spillikins, Peppers, Tree ,House, SKy. First row : original image ,second row :damaged image,
third row:image restored by SADMM.
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VPG A S B SADMM , 35 2 Pl 45 T AIRNN (SVT SC, A S SADMM 33 P4 Filt 7 125 1 J5
MG X 52 EME X 115 M L ( Signal-to-Noise-Ratio , SNR ) 1A X% 22 ( Relative Error, RE) B 508 45
X-X|; _ X" -X| ,
||”X—X”||2X Je JEU IR B B (R, AR R 22 RE::””X””. HHHEN,SNR {H
HORBLF , RE (B8N, 33 BRI T e ROMRIEAR &, NI ¢, BCE R 120 F15. 3k 2 AT, AH
BT H A = AR AR SO H A SADMM B394 T SIS ) Ak 2 R
£2 FAREHRERREG EHRIEER

Table 2 Numerical results of different algorithms on different images

. HHp SNR:=10log,,

AIRNN SVT SC,, SADMM
b
SNR RE SNR RE SNR RE SNR RE
Boat 23.70 0.097 1 17.39 0.136 9 24.20 0.077 6 26.43 0.073 0
Spillikins 21.45 0.088 4 18.70 0.110 6 22.65 0.063 9 29.14 0.052 2
Peppers 21.12 0.073 3 16.69 0.104 4 18.17 0.073 2 26.24 0.052 8
Tree 22.48 0.159 9 20.28 0.175 6 24.86 0.130 7 26.23 0.1235
House 20.20 0.078 6 18.45 0.097 1 22.65 0.065 8 24.86 0.061 9
Sky 26.96 0.107 2 23.74 0.120 1 29.34 0.082 9 30.79 0.076 4
Average 22.65 0.100 7 19.21 0.124 1 23.65 0.082 3 27.28 0.073 3
5 5B

ASCEZWITE T FIHIXFR ADMM SRAFR AR I e/ MU TR AR 7 3 U 1258 12 AR 2 L) ADMM

SRARAE M A AR ERE L N T TR T (A | FLI T — AR oo e (—1,1) 7638 241
FMET b TR RO, R i A R SRR SR R 1R B e AR AR E
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