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A AFREEBHAHZ1—-5NAYRI—D (DnCNN) L1V —iEi&

Image Processing Toolbox
Neural Network Toolbox

- DNCNNIL: A ZBgEREFHAHFZ1—3) RyRNT—2
- 20BDEHAHETHERK
- 1 FvRILAT

>> layers = dnCNNLayers
layers =

RDEZHD 1x59 D Layer BEFI:

1 'InputLayer’ AA—PDAH  50x50x1 A=

2 'Convl' T=1=F3AH ARSAK [1 1] BEUNRTFaT [1 1 1 1] @ 64 3x3x1 f=f=HIAH
3  'ReLUl’ ReLU RelU

4 'Conv2' f=1=#AH AFFAF [1 1] B&U/RTa2T [1 1 1 1] O 64 3x3x64 I=f=HRAH
5  'BNorm2' NYFIERIE 64 FrRILTO/INYFIERL

6 'ReLU2' ReLU RelU

55 'Convl9’ f=1=#AH AFFAF [1 1] B&U/RTa2T [1 1 1 1] O 64 3x3x64 =f=HRAH
56 'BNorml9' NYFIERIE 64 FYRILTD/NWFIERE

57  'ReLU19' ReLU RelU

58  'Conv20' f=1=-#AH AFSAF [1 1] B&UIRTa2T [1 1 1 1] O 1 3x3x64 f=l=#RAH
59 'FinalRegressionLayer' Bl 5 mean-squared-error

[1] Zhang, K., W. Zuo, Y. Chen, D. Meng, and L. Zhang. "Beyond a Gaussian Denoiser: Residual Learning of Deep CNN for Image Denoising." IEEE Transactions on Image Processing. Vol. 26, Number 7, Feb. 2017, pp. 3142-3155.
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DNCNNIC&B IS 7Y )1 X DR age rocessing Teolbox

- BT A ABFREDRODEZBEHRYNI—IZ2AE
— A7YT 1 A ABREEHAHZ1-IINRYNI-DD5EHAH
net = denoisingNetwork ('DnCNN') ;
— A7YT 2 JAXSINBUREAER I 31y NI —I%38TELTEIT

I = denoiseImage (noisyI, net);

Get pretrained denoising network
dencisingNetwork

[ Trained denoising network J

Denoised Image

Remove image noise
denciseImage
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DILIVFIEDLE Newral Network Toolbo

DNCNN{EFHEF TS 727405

Gaussianfilter
i (slgma=2)

Bilateral Flltered Median F|Itered Adaptlve Flltered Gu»ded Flltered
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Noisy Image(varial
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Denoised Image(variance=0.005)
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FBBEHDDNCNNOZE(H

Conv + RelU
Conv + BN + RelU
Conv + BN + ReLU

BT —YANY  HOZHES O

BFEEHDODNCNN

Conv + BN + ReLU

Conv + ReLU
Conv + BN + RelU
Conv + BN + ReLU

imageDatastore denoisingImageDatastore 0

G|

FEATI3>

I
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mﬂﬁiméqzm Image Processing Toolbox

- AX=20OE-Y S/N tt (PSNR)

PSNR = psnr (I, Iref);

- AX=20BSEHEMUE (SSIM)

SSIM = ssim(I, Iref);

Naturalness Image Quality Evaluator (NIQE) 3F=RR®BIE A7

\

SSIM = nige(I);
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AKEDEHRTYMOD7ITA

RSN By N
s K=EDBEFETYMIXTBUSIERORWIITX e

— imageDatastore

n TR

— imageDataAugmenter(c &3 EHRT —YDILR InageDatahugnentex
- 24— )L/ =AW/ [EER 201/
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classdef RowColNoiseImageDatastore < matlab.io.Datastore &...

matlab.io.datastore.MiniBatchable
methods

function [miniBatchTable,info] = read(ds)
patches = cell (ds.MiniBatchSize,1) ;
noisyPatches = cell (ds.MiniBatchSize, 1) ;
noiseComponents = cell(ds.MiniBatchSize,1) ;
for i = 1:ds.MiniBatchSize

ds.CurrentFullImage = ...

im2double (ds.InputImageDatastore.readimage. ..

(ds.CurrentImageIndex)); % EfEHAH LS
patches{i} = ds.CurrentFullImage;

~
randrow = randi (size(patches{i},1)); % T & L[Zi
randcol = randi (size(patches{i},2)); % T V&Ll ﬁﬁf_u_ %IE
noisyPatch = patches{i}; % A U PFILEEIY HL

noisyPatch (randrow,:) = 1; % EEFICHEZLIVNED ==
noisyPatch(:,randcol) = 1; % [EE[ZHEHEZLVLS ~\\
noisyPatches{i} = noisyPatch; \\
noiseComponents{i} = noisyPatches{i} - patches{i}; s/ 4 XE{&
end 1 !\
miniBatchTable = [table (noisyPatches) table(noiseComponents)‘ N
end 1
\
$ DRAALIZNRYFRF7ERUTHL \
trainSource = RowColNoiseImageDatastore (trainDigitData, ... ‘\
'MiniBatchSize' ,miniBatchSize, ... \
'BatchesPerImage',l) ; \

s HIEEREBRETEM

1nputBatch read (trainSource) ;

&\ MathWorks’

Image Processing Toolbox
Neural Network Toolbox

\ ;_ _gz I\7) Parallel Computing Toolbox

- MiniBatchDatastore7>X
ZARAE U TIRE DT YA Z
TEFEOJEE

- HWRAALT—HTA-YMP
BIGLIE, KIBURE
EEOULIENMENNRIEE

- BRICKEOKIEUBESB7E
AL THREDRO

Tk (FBETHT—FINT)
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Transfer Function

X2

DHFROTZHDEIFNAHFZ1—FIL2RYRT—J(CNN) DA :

Weight °1
0] L] - - EfE
m O BN
B - GigE
BdHidar + \ Bd1Adr + " LEaE  VINYIRE
E \IE%Eﬂ: (ReLu) T F#(t (ReLu) -V L W,
Iavel Iavel

R ieidm D1 & %A
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layers = [imageInputlayer ([28 28 1], 'Normalization', 'none', 'Name', 'input')
convolution2dlLayer (3,32, 'Padding',[1 1 1 1], 'Name', 'convl’) ; 7
relulayer ('Name', 'relul’) ;

maxPooling2dLayer (2, 'Stride',2, 'Name', 'mpooll', 'HasUnpoolingOutputs', true) ;
convolution2dlLayer (3,32, 'Padding',[1 1 1 1], 'Name', 'conv2') ;

relulayer ('Name', 'relu2’) ;

maxUnpooling2dLayer ('Name', 'upooll’) ;

convolution2dLayer (3,32, 'Padding',[1 1 1 1], 'Name', 'conv3’) ;

relulayer ('Name', 'relu3') ;

convolution2dLayer (3,1, 'Padding',[1 1 1 1], 'Name', 'conv4d') ;

regressionlayer ( 'Name', 'routput’) ;]

'mpooll/indices', 'upooll/indices"') ;

layers = layerGraph (layers) ;
layers = connectlayers (layers,
layers = connectlayers (layers, 'mpooll/size', 'upooll/size') ;
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’ “ Image Processing Toolbox
M ° *ﬁﬁj’fl B%E*“J I\IJ - g@i% EzfailelllelNgévr\:}Opr:tﬁogo?000)1box
28x28 EVEIDER (#F) O/ AREZITIHIETORYNI—IZB D)

options = trainingOptions('adam', 'MaxEpochs’,15,... ﬂﬂﬁwﬁmiﬂffffwsn

ATSIAVDHELFE

'Plots', 'training-progress') ;

A
net = trainNetwork (XTrain, XResponse, layers, options); :

FERPBAREERELERLTFE | as S =
‘Plots’ATYaYiEET, FBiBEE) STTHRIL

GPUBEHEZBEEHTHE, HNIEGPU,BITNhIXCPUTEE,
https://ip.mathworks.com/help/releases/R2018a/nnet/ref/trainnetwork.html
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0t - R ) 1 ABRELRY NI — D= EoIFHl Neural Network Tooloox
28x28 EJ I DEIEG (F) D1 XREZTIHIETORYNI—IFEBDH)

FHBRHTYNI—J={EOITFHR

noisyImages = read(testSource) ;
predI = predict(net,noisyImages);
denoisedImage = noisylImages.noisyPatches{l} - predI(:,:,1,1);
A
FANF — 5ty N5 )4 XEHFEHHHL,
predict AYYRT J1 X5 % Fill
JA XN ERETBETAUSTIVEHRZIE T
)4 X4 B )M X EE G I R EE

Al
1|
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Very-Deep Super-Resolution (VDSR)[11 Ry kJ—2

VDSR
Network

1685 S LS

it i=ged M=R#EEITD HLARIEERIC
LA TE 5 VDSRi&H

PSNR 38.47 39.44
SSIM 0.9861 0.9878

[1] Kim, J., J. K. Lee, and K. M. Lee. "Accurate Image Super-Resolution Using Very Deep Convolutional Networks." Proceedings of the IEEE® Conference on Computer Vision and Pattern Recognition. 2016, pp. 1646-1654. 29
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JPEGIEHED 7 —F 7 MEiRK Parallel Computing Taolbosx

. JPEGIEMBIIIERTEZEE, V—FI7I NI OvF> T )4 X)FE
DNCNNTEZUL., 7—FI77 MK

BBk mm B LR

PSNR 28.802 29.338
SSIM 0.9490 0.9544
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— BFRERZE(Very-Deep Super-Resolution®y kJ—%)
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