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Image denoising of low-rank matrix recovery via joint Frobenius norm

Liu Xinyan, Ma Jie, Zhang Xiaomei, Hu Zhaozheng
Department of Information Engineering, Hebei University of Technology, Tianjin 300401, China

Abstract: Objective Low-rank matrix recovery is a hot topic in signal processing, artificial intelligence and optimiza-
tion. Convex optimization based on low-rank matrix recovery problems coming from the compressive sensing technology,
which is very popular these years for image processing, computer vision, text analysis, recommendation system, etc. Low-
rank matrix recovery is achieved by minimizing the nuclear norm matrix to obtain a low rank solution, however, an unsta-
ble solution can be obtained due to the requirements for the low correlation of a low rank matrix. Method A low rank image
denoising algorithm is proposed based on variable splitting method. The method introduces a Frobenius norm of low rank ma-
trices as a new regular item and it is also combined with the original low rank nuclear norm to optimize the image denois-
ing. In order to solve the improved denoising model, an augmented Lagrange multiplier method based on variable splitting is
used by using convex relaxation of sparse recovery methods. Result Finally, to verify the stability and denoising capability
of the presented approach, images with different noise types and simulation parameters are generated and processed using
the presented method and the results are compared with the existing low rank matrix algorithm. Performance analysis of re-
covery time, signal-to-noise ratio, and error rate are evaluated at the same time. Conclusion The proposed method can
yield superior performance compared to the traditional low rank model in terms of the test results. The experiments indicate
that the improved models, while keeping the original low-rank sparse recovery, have good denoising performance and exce-

llent stability on the strong correlation matrix and we can get a higher signal-to-noise ratio.
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Table 1 The comparison of the low-rank recovery algorithm
51 TR %R 0. 05 FEHT MG 0, J7 22 0. 025
" " PE s HARUE R Jﬁjﬁ%ﬁ I /s IR K Jﬁiﬁ%i
LRMR 0.4557 32 1. 564 1E-007 0. 6615 37 8. 170 8E-001
10 AR 0.638 3 24 1. 270 2E-007 0.442 3 38 7. 142 3E-002
1% LRMR 0.699 3 35 2. 825 0E-007 0.803 7 38 8. 542 1E-001
% AL 0.740 8 33 2.075 1E-007 0.773 3 38 9. 158 7E-002
LRMR 2.394 8 22 6. 107 7E-007 3.498 3 38 9. 376 3E-001
20 KL 2.3507 22 3.237 8E-007 3.108 7 39 9. 366 0E-002
20 LRMR 3.3171 35 4. 473 1E-006 4.889 5 39 9. 612 1E-001
%0 AL 3.436 8 32 8. 123 5E-007 3.7123 40 9. 445 7E-002
LRMR 16.971 27 4. 583 0E-007 23.1335 38 9. 782 4E-001
% AL 16.771 24 4.273 1E-007 20.0156 36 9. 546 5E-002
20 LRMR 25.103 33 4. 409 8E-005 28.1750 39 9.786 3E-001
150 . Ny'8 24. 457 30 3.272 4E-006 25.998 8 38 9. 646 7E-002
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3.58345 x 1077, fif o afF A% 700 A A e 7 494 o 3]
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TR T8 f1 2 5 0 1) Wil v BT IR 75 T 25 G KA K
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1.091212 x 10 ™' 3% 22 LA KUR A AR, [ 1 Pk
HERE R 2 R 7 25 7E 0.05 DN 2E 48 RIE T
1. 684 165 x 10 7%, 3 A it 78 43 i 100 1 1= 307 e 7 | 3k
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Table 2 The new model to salt and pepper noise and Gaussian noise recovery

BUER 7S T
/% IfE] s SNR/dB  PSNR/dB err ErlEy 2% E]/s SNR/dB  PSNR/dB err
10 7.543 66 81 1. 048 57E-004 0. 006 25 6. 189 34 41 4. 645 295E-003
20 8.592 53 74 1. 955 34E-004 0.0125 7.175 29 38 6. 169 208 E-003
30 8.715 47 59 3. 419 66E-004 0. 025 7.347 25 35 8. 576 207E-003
40 10. 543 39 49 7. 466 68 E-004 0. 05 8. 135 22 31 1. 684 165E-002
50 12. 389 24 33 3. 583 45E-003 0.1 9.389 16 23 1. 091 212E-001
122 R

0.18 3 —0— LRMR(#(#E:SNR)
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Fig. 1 Two methods of image recover on error rate
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Fig. 2 Two methods of image recover on SNR and PSNR

© [ K G BT AR AU A

0507



0508

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 4, Apr. 2014

PSNR, G AR A H DS, H LRMR AU 57 1 10
dB D) b, 3 H 2475 2435 %) 0. 05 [l 5 PSNR ¥4 A L)
F£.30 dB DL b 25 AT IR, 78 25 R A e 3 [R] 29
FON, DU S50 AR M 7 1 i 2] 40% 5 307 M P BE
FEJ7250 0. 05 X FERTRENS IR B HLAHIAR R

N T A U A AL R, S R T
100 1 S ARG Bk AR 1470038 43 A, HE i 26 JR 4%
A KRR 16,555 Ho A3 5 i A 40% (AR e R
T8 0. 05 (1) TR 7 L A6 045 2 (0 B00E 2017
GG , 53 0 N 225 3 K A2 ) AR 5 I
Eb 3 N0 1 5 H e AR B LRMR AR (1 HE 4 iy
2 25 E 3—E 5 fis .

024 1 st 0] (4 25 07 M2 74)
022 [ —e—LRMR(%; i Ji it 74
020 [~ HEHEAS IR (ML MR )
018 [ —0- LRMR (75 L EE I 747)
0.16 F
0.14
5012
0.10 |
0.08 -
0.06 |
0.04 C
0.02 |
0.00

K3 PRI NETEIR A 22 5 R B AR L

Fig. 3 Two methods of image recover on error rate
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Fig.4 Two methods of image recover on time
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Fig. 5 Two methods of image recover on PSNR
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Fig. 8 LRMR and the improve model of image recover
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Fig. 6 Two methods of image denoising
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Table 3 Denoising of the low rank image
with salt and pepper noise

SNR  PSNR

KA HE #EYs JiB /dB err
LRMR  5.287 20 37 4.195467E-002
B
A 15.364 22 39 3.276 069E-003
‘ G B LRMR 10.668 20 30 6. 119 786E-002
(c) LRMRUS S 14 o A3 19.163 22 33 4.214750E-002
- ' ’
‘. r _ e Y J LRMR  28.819 6 18 1. 022 398 E-001
‘ ] S ‘ { i\ 7 ‘; \ *ﬁ%% N
: FRRA BT c o R A 263328 21 1.000 142E-001
‘ ] ' N LRMR 29.497 13 24 1. 256 622E-001
(d) BRI K AL IS W
A 27.062 15 25 1. 250 975E-001
P17  LRMR 5 i 2 BRARER P ) L &
Fig. 7 LRMR and the improve model of image R LRMR  43. 667 5 12 4.324 567E-001
recover from 40% salt and pepper noise EN'e 39. 295 6 14 3.229 185E-001
S ey T E U IS OR A JESE SYFERS € S 3T P S AR S I ) | 25

L8 7 (e) 2 LRMR R EIG AR 7 (e) R AR RAENE AR R, P LAk e AR PR Bt A Y
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Table 4 Denoising of the low rank image

with salt and pepper noise

. R SNR PSNR
KR B WEs S8 /dB err
LRMR 5. 633 12 30 9. 425 128 E-002
L A

AR 4. 694 19 37 4. 228 030E-003

Bedt LRMR  7.868 9 23 1. 324 374E-001
- AR 6. 991 17 30 6. 729 380E-002
A LRMR  25.437 3 17 2.345 750E-001
wr

VNS 23.471 6 21 1. 305 302E-002

LRMR  25.615 1 16 1. 329 265E-001
ek .

AR 23.930 3 18 1. 026 698E-002

LRMR 28.764 2 5 4. 327 640E-001
3R

AR 25.563 6 18 1. 004 312E-002
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Fig. 9 The new model for the local of low rank image denoising
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