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Image Restoration (IR) Model
Denoising Autoencoding (DAE)
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Image restoration (IR) model

U=argmin||Hu-f ||® +
u

/7

Exploits characteristics of a natural image

Ensures that the solution conforms to the degradation process
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Denoising autoencoding (DAE)

Unsupervised
learning !!!

DAEP The autoencoder error A (u)—u is proportional to the
gradient of the log likelihood of the smoothed density:

A, (u)-u=o,Vlog[g, *qlu)
where the data distribution is Probability(u) = j q(u+n)dn

Refs: S.A. Bigdeli and M. Zwicker, “Image restoration using autoen-coding priors,” arXiv preprint
| arXiv: 1703.09964, 2017.
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Patch-based methodology (image similarity)

Refs: Buades et al. 2005; Elad et al. 2006; Dabov et al. 2006; Milanfar et al., 2007; Zhang et al.,
¥ 2010; Dong et al., 2012.




Image patch aggregation strategy

The patch matching procedure enables multi-patches with similar
structural patterns to be found and grouped.
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0 Refs: Mairal et al. 2007; Mousavi et al. 2017; Dabov et al. 2007; Danielyan et al., 2012; Zoran et
al., 2011; Dong et al., 2015.




Multi-model implementation

Inspired by image patch similarity and aggregation strategy, we adopt a
multi-models and 6-dimensional version of DAEP for color IR tasks.
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6-D implementation

The network architecture used for learning a DAE in this work is the residual encoder-
decoder network (RED-Net).
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The network consists of 10 convolutional and 10 deconvolutional layers symmetrically
arranged. Shortcuts connect matching convolutional and deconvolutional layers.
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Flowchart of employing the learned M?EDAP to SISR application.
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L Considering the 6D and multi-models (N=2), the general mathematical
model for color IR can be derived as follows:

min [Hu i +%i I(u)-A, (1))

=1

2

1 (u) =[u,u,]
N stands for the number of M2DAEP model

The first term Is the data-fidelity term

The second term consists of the network-driven prior information
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dDue to the nonlinearity of the model, we apply the proximal gradient
method to tackle it. The model Is approximated by standard least
square (LS) minimization:

min|Hu - £ +LZN:H| (1= VG, (1)
PN 3

Gi(l):HI—A%(I)Hz

VG (1) =[1-V, A (NI[1 - A, (1]

The function (1) is 1/4-Lipschitz smooth

HVG(I')—VG(I")HZ SHI' —|"H2/ﬁ denotes the index number of iterations
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dGiven =1, The above formula can be solved by calculating the
gradient as follows:

HT (Hu- f)+A{l +%i[v,A;ﬁ (')A, (1F)=1)-A, (1)]}=0 \

k+1
U —

T A K T [k k k
HT 1+ DRIEA, (F) =V AT (1)TA, (1) 1T 7
GH:EY)

R stands for the mean operator employed on the six channels.
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A% (1*) is the forward output with the input 1" + o,

Algorithm: M~ ‘DEAP .

Tr .11111n stae

-, () are already learned at the network

trammg stage. Training images: 6-dimensional dataset {7|7(u)=[w.1,]} -

Noisy levels: S, and 5,

V, AT (I )[A (I N RN G BN egd Network: 6-channel DAE network . |
Outputs: Trained network 4, (o) and 4, (o) -

output with the input A, (1)-1* Testing stage.

Initialization: " =H  f; K ; N =2 .
Update the solution u* by alternately updating [ N aa NS 8

| I Update the auxiliary variable: 7% =[#*.4"] .
the network estimation A%(|") | VuA;iUk) pdate the auxiliary variable: 7% = [x* u[]

Calculate the prior gradient components: .

and LS solver until the u value convergences, A, ("), v, 4L UD4, IF)-17];i=12,,N .
Update the qolution via solving the LS problem: .
The mathematical model is tackled by the Hff+ ZR A, (1) -V, 4 ()[4, (I5)-IT}]

proximal gradient and alternative optimization.

(H'H+2)
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Single Image Super-Resolution
Image Deblurring
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Table 1. Averaze PENE. (dB) of different methods an St 5 for the different scale factors.

Scale Eicubic SRCHN THED DnCHN-3 TRCHN DhISP SEND DAEP MDAEP. . MDAEP
? 35.07 35.16 3528 3533 1341 A5 48
31.38 1154 il44 31.68 31.75
2000 214 2064 28.01 0 15 1544

2740 17.58

From top to bottom
and left to right:

SRCNN,
DG\ \\EX
IRCNN,
DMSP,
SRMD,
DAEP

and M2DAEP.
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Image deblurring

Table 2. The deblurring performance (PSNE) on four images.

EPLL DMSP DAEP MDAEP

M2DAEP achieves the highest
values for almost images.

and textures than other ‘ ‘ ‘
competing methods. " v
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Enhanced DAEP for color IR

> Presented a - which built on

the assumption that an optimal denoising autoencoder is a local mean
of the correct data density.

was applied to integrate higher-dimens
lonal structural information.

» This work paved a new way to incorporate
Information into color IR applications.
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