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Fast Unsupervised Tensor Restoration via Low-rank Deconvolution
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Low-rank Deconvolution (LRD)

Qualitative evaluation on image denoising. We display ground truth (GT), noisy image and recovered images for
three chosen methods including ours for images 9, 10 and 11.
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Quality of reconstruction (PSNR) vs. execution time (s). We display overall results on the whole dataset for the
5 four levels of input noise respectively. PSNR evolution as a function of time for a single image denoising for the chosen
M
1 N A methods.
arg min — Z D, « [XL X -8 + d({XM),
(X't 2 lm=1 2 Tmages I ) 3 4 5 6 7 3 9 0 | 11 | 12
Input PSNR =15.36 dB/ 0 = 30
W(n) _ f)(n) [Q(n) R II } BM3D 1796 | 22.59 | 24.68 | 18.64 | 21.32 | 22.86 | 22.59 | 18.58 | 22.76 | 22.48 | 23.14 | 19.37
m m m n 7 EPLL 20.76 | 24.36 | 24.67 | 21.80 | 24.13 | 23.84 | 22.38 | 2098 | 24.34 | 22.72 | 24.33 | 20.52
W(n) _ 'W(n) W(n) W(n)} TV 21.33 | 27.81 | 26.47 | 19.99 | 23.58 | 25.49 | 24.48 | 21.39 | 26.66 | 25.34 | 24.10 | 19.96
L7700 Looeey M 1> WNNM 21.52 | 29.67 | 28.34 | 23.54 | 26.12 | 28.65 | 26.44 | 24.30 | 26.29 | 24.91 | 24.73 | 25.78
}A((n) _ -()A((n))‘r (}A((n))‘r (}A((n))‘l‘} T DIP 2540 | 2478 | 23.53 | 1891 | 19.16 | 20.30 | 20.08 | 13.46 | 18.15 | 18.11 | 19.09 | 16.66
A0 ! 1 7 ’ N2F 20.19 | 17.72 | 19.59 | 17.78 | 15.78 | 16.79 | 17.82 | 15.65 | 13.55 | 10.74 | 18.22 | 16.62
AP-BSN 19.51 | 21.84 | 21.72 | 17.62 | 22.13 | 23.80 | 20.13 | 15.15 | 22.02 | 20.37 | 22.11 | 17.52
1 . 2 SDAP 15.17 | 1796 | 10.75 | 16.78 | 16.52 | 13.00 | 15.66 | 16.68 | 17.66 | 17.65 | 14.26 | 16.65
arg min — | W(n)fc(n) — g ‘ + (I)({)A(,Sg’)}) SASS 17.82 | 1599 | 18.66 | 15.76 | 18.00 | 19.60 | 17.46 | 11.04 | 17.80 | 16.98 | 18.10 | 13.74
% (1) 2 LRD 16.86 | 15.69 | 18.53 | 16.55 | 17.95 | 18.61 | 18.10 | 13.09 | 1848 | 17.43 | 18.60 | 16.11
LRD-TV (Ours) || 21.56 | 25.57 | 23.00 | 20.56 | 24.69 | 25.68 | 23.74 | 20.33 | 25.80 | 24.73 | 24.42 | 22.13
. n N 112 Input PSNR =12.18 dB/ 0 = 50

with W({X35}) = 30, 00§ | X | BM3D 1560 | 1532 | 21.00 | 1657 | 1847 | 19.68 | 19.44 | 1428 | 19.20 | 17.53 | 20.35 | 15.51
EPLL 19.17 | 21.50 | 20.68 | 18.52 | 2048 | 19.81 | 18.75 | 18.52 | 20.30 | 20.02 | 19.93 | 18.82
~ ~ ~ 2 n TV 2041 | 24.23 | 21.30 | 18.17 | 23.41 | 23.80 | 22.25 | 18.86 | 23.48 | 22.69 | 21.32 | 19.45
[(W(n))HW(n) + O‘Iﬁ]x(n) — (W(n))HS(n) WNNM 2145 | 26.92 | 22.09 | 20.86 | 21.26 | 25.63 | 21.99 | 21.92 | 2241 | 21.73 | 18.00 | 24.45
DIP 12.62 | 20.82 | 19.56 | 17.38 | 20.88 | 22.10 | 20.13 | 1597 | 19.72 | 19.27 | 19.35 | 16.79
N2F 17.83 | 13.71 | 15.17 | 12.76 | 13.19 | 13.28 | 14.04 | 1299 | 12.12 | 852 | 14.45 | 13.99
AP-BSN 1753 | 16.42 | 17.11 | 14.69 | 16.23 | 17.67 | 16.08 | 11.13 | 15.81 | 16.35 | 15.23 | 14.65
SDAP 12.47 | 1424 | 837 | 11.95 | 13.34 | 11.50 | 13.25 | 1293 | 13.80 | 15.96 | 12.16 | 12.69
SASS 15778 | 13.63 | 14.83 | 13.49 | 14.19 | 1546 | 14.01 | 895 | 13.83 | 14.55 | 13.08 | 12.39
LRD With Differential Regularization LRD 1408 | 13.21 | 1449 | 13.68 | 13.75 | 1491 | 1435 | 9.00 | 13.61 | 14.10 | 14.17 | 12.98

LRD-TV (Ours) || 19.60 | 24.35 | 22.07 | 19.16 | 23.32 | 23.75 | 21.99 | 17.87 | 23.77 | 22.73 | 23.07 | 21.04
Input PSNR =10.49dB /o = 70

arg min 1 u— 8|3 + % W) 7y + % W2, + U({X1). BM3D 1484 | 14.64 [ 18.11 | 1450 | 16.21 | 16.63 | 15.96 | 11.63 | 17.73 | 16.73 | 17.53 | 14.00

(x(1u EPLL 1732 | 1937 | 17.92 | 16.82 | 1897 | 18.46 | 16.38 | 16.90 | 18.04 | 17.30 | 18.62 | 17.65

Y TV 19.12 | 24.87 | 20.16 | 17.88 | 22.91 | 23.37 | 20.82 | 19.72 | 22.86 | 21.66 | 20.43 | 19.69

- 1 N WNNM 15.02 | 21.82 | 15.51 | 19.06 | 18.65 | 23.50 | 20.91 | 20.78 | 19.11 | 19.46 | 16.49 | 22.99

subjectto U =D D+ [X5,), .., XLV DIP 13.19 | 19.74 | 19.39 | 17.08 | 19.47 | 21.16 | 1841 | 14.16 | 1831 | 17.52 | 16.87 | 15.40

m=l N2F 1647 | 12.13 | 14.03 | 11.11 | 12.28 | 10.90 | 12.05 | 10.76 | 10.96 | 7.35 | 11.76 | 10.88

- _ () Iy N (n)[|2 AP-BSN 16.03 | 12.78 | 13.18 | 13.17 | 13.71 | 15.87 | 1290 | 8.85 | 12.30 | 11.82 | 12.90 | 12.83
Proposition 1 The problem presented above with W ({Xm"}) = >, _1 > 1 5 || Xm H2 has a so- SDAP 1036 | 13.37 | 694 | 1058 | 11.15 | 10.50 | 10.13 | 11.39 | 11.16 | 14.44 | 11.22 | 1041
lution given by a linear expression in the DFT domain given by: SASS 1508 | 11.48 | 12.01 | 12.22 | 12.49 | 14.17 | 11.61 | 7.66 | 11.32 | 1094 | 11.68 | 11.39
LRD 1253 | 11.02 | 1291 | 11.92 | 12.25 | 12.79 | 12.13 | 796 | 11.81 | 11.62 | 12.01 | 11.00

(WNEW M) 4 (@mM)HQM) 1 ¢(QMYEQM) 4 aTg]x(™) = (W) Hgm) LRD-TV (Ours) || 18.27 | 23.46 | 20.98 | 18.42 | 22.28 | 23.13 | 20.58 | 17.43 | 22.75 | 21.90 | 21.99 | 19.84

Input PSNR = 9.49 dB / 0 = 90

where we have made use ofé(”), (™) and W) defined in section 3. And defining: BM3D 1450 | 13.02 | 17.69 | 13.74 | 15.82 | 16.29 | 1526 | 11.14 | 16.28 | 13.60 | 15.75 | 12.87
EPLL 17.01 | 18.16 | 16.18 | 1546 | 17.83 | 16.61 | 1526 | 16.00 | 16.80 | 16.68 | 17.44 | 16.32

((:)gn))T — 27j&; & W) TV 18.67 | 22.92 | 20.04 | 16.98 | 22.62 | 18.77 | 20.77 | 17.05 | 21.85 | 21.33 | 20.58 | 18.95

A (NT 1 < () WNNM 1426 | 19.23 | 15.11 | 17.96 | 18.16 | 21.91 | 20.43 | 19.53 | 19.06 | 17.74 | 15.68 | 22.19

(7)) = (2mj&) " © W, DIP 10.32 | 17.00 | 15.74 | 16.21 | 20.74 | 21.01 | 17.34 | 13.17 | 18.25 | 16.75 | 16.40 | 15.50

O — [@(n) é(n) o é(n)] N2F 1595 | 10.76 | 12.69 | 10.03 | 10.76 | 9.74 | 11.12 | 9.81 9.52 6.19 | 10.05 | 10.33

O =l oy =N AP-BSN 1576 | 11.02 | 10.64 | 1145 | 11.76 | 13.50 | 11.61 | 7.23 | 1045 | 11.05 | 10.74 | 10.68

Q=100 0 0] SDAP 921 | 11.76 | 5.80 | 9.19 | 10.28 | 9.09 | 9.65 | 10.10 | 9.34 | 14.08 | 10.02 | 9.12

SASS 1507 | 10.11 | 9.86 | 10.51 | 10.81 | 12.12 | 1044 | 6.56 | 9.72 | 10.19 | 10.01 | 9.73

with &; being the vector of frequencies for the i-dimension, and & denoting element-wise product. The LRD 12.55 | 990 | 1095 | 10.88 | 10.60 | 11.97 | 10.70 | 7.03 | 10.11 | 10.09 | 992 | 9.96
prOblem lS equlvalent to l‘he LRD prgblem Wlﬂ’l LRD-TV (OUI'S) 17.77 22.41 20.57 17.75 21.66 21.45 19.79 17.17 21.58 21.17 21.13 19.38

N 9 ¢ 5 qut?]ntit?tive evahluatiodn on im;?ed::clentcr)]isitngl.( T?e tablegeports theRPSNIFt{ in dB (hig?egI ifs bzt}’gfer) uiilng t?n sftate- ,

n _ AT 5(n N\ T & (n n of-the-art approaches and our method for the task of image denoising. Results are reported for different levels of inpu

(I)({XS”)}) o 5 | (@( )) X( ) 2 T 5 ‘ (Q( )) X( ) 2 T \P({Xg’l)}) noise. We h?a?/e marked in blue and red color the best andgsecond-begt achievers. i i

Conclusion

Detail Enhancement

LRD is a framework for learning compressed
representations for multi-dimensional data.

5 Facilitating the inclusion of priors like TV,
M

M M . .
, 1 Ym 9 Cm 5 . allowing for tensor restoration tasks at the
argmin o |37 W =8| + 3 2 Wnllpy + 3 5 Wl + PAXEY), same time.
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Benefiting from its analytical formulation,
subjectto W, = D, * HX(U e ,X,ffbv )]] the solution is very fast and does not require
an extensive training stage.

M
~ Our results in image denoising and video
1 N
U = E Orn Dy * [[Xgn)7 e >X7(n )]] + 8 enhancement (see paper) verify our claims.




