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B xR
B3R A: SIEEMRITISR

LR R
Fs prai =4 LU B
1 Code RISES

B3R B: EEIEFF/KHEAHD

FEE R 45 Windows 10

Y FEiE = MATLAB
YR 2% MATLAB 2019

AR PR L: P

AR S

RASTER 1 8 —EKREERN

function u=hpROF(u0,IterMax,lambda) B
u0=double(u0); %Hﬁl@%%ﬁﬂ*ﬁﬁﬁﬂ
[M Ni=size(u0);

u=u0; o N

[M,N]= s1ze(u) % L4780 ), 53 (FE )]
h=1;% 75 [A] &1L

for Iter=1:IterMax, %IEAR

for 1=2:M-1,
for j=2:N-1,
% B
ux=(u(i+1,j)-u(i,j))/h;
uy=(u(i,j+1)-u(i,j-1))/2*h;
Gradu=sqrt(ux*ux+tuy*uy);
col=1./Gradu;

ux=(u(i,j)-u(i-1,j))/h;
uy=(u(i-1,j+1)-u(i-1,j-1))/2*h;
Gradu=sqrt(ux*ux+uy*uy);
co02=1./Gradu;

ux=(u(i+1,j)-u(i-1,j))/2*h;
uy=(u(i,j+1)-u(i,j))/h;
Gradu=sqrt(ux*uxtuy*uy);
co03=1./Gradu;

ux=(u(i+1,j-1)-u(i-1,j-1))/2*h;

uy=(u(i,j)-u(i,j-1))/h;

Gradu=sqrt(ux*ux+uy*uy);

co4=1./Gradu;

u(1,j)=(u0(, 1)+(1/lambda*h*h)*(col*u(1+1,])+co2*u(1 1,j)+co3*u(i,j+1)+cod*u(i,j-1)))*(1/
(1+(1/(lambda*h*h)*(col+co2+co3+co4))));

% co=1./(1.+(1/lambda*h*h)*(col+co2+co3+co4));

% div=col*u(i+1,j)+co2*u(i-1,j)+co3*u(i,j+1)+cod*u(i,j-1);

% u(1,_]):(u0(1,_|)+(1/1ambda*h*h)*d1v) co;

end
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end

Yol 25 S

for i=2:M-1,
u@,D=u(i,2); % —FITH RS T 5
u(i,N)=u(i,N-1); %o —FIM T B TR 5

end

for j=2:N-1,

u(l,p=u(2,i); e e JE NS
q uM,j)=uM-1,j);  %[FEE, AT MG AT RS T RE AT AT
en

u(l,1)=u(2,2);
u(1,N)=u(2,N-1);
u(M,1)=u(M-1,2); i i
uM,N)=u(M-1,N-1); %P E TS S AR
Yotk BURE V% AR 10 B e B
en=0.0; % AEEWILAEE N0
for i=2:M-1,
for j=2:N-1,
ux=(u(i+1,j)-u(i,j))/h;
uy=(u(ij+Dupyh;
fid=(u0(1,)-u(i,)))*(u0(i,i)-u(i,i));
q en=en+sqrt(ux*ux+uy*uy)+lambda*fid;
en

end
Yol AR LA AE &
Energy(Iter)=en;

end

RIGEE 2 A REHEAE

clc;close all;

N = 512; % size of the diffraction pattern image
m = 256; % size of the sample image
m2 = m/2;

sample = rgb2gray(imread('lena.jpg')); % read the lena.jpg as sample image
sample = imresize(sample,[m m]);
sample = MatMap(sample,0,1); % the sample matrix is normalized

figure;imshow(sample,'InitialMagnification',200);axis on;title('sample image');
%%

S = zeros(N,N);

% put the sample image into a zero background
S(N/2-(m2-1):N/2+1+(m2-1) ,N/2-(m2-1):N/2+1+(m2-1)) = sample;

% sup = circle_mask(N,m,N/2,N/2); % generate a circle support
% sup = triMask(N,m/2+8 N/2+10,N/2); % & Heml— A= MILHRE IR & i1
sup = square_mask(N,m); % ZL24ml—A> = ML HERSCR 2 5 4

S = S.*sup;
figure;imshow(S);axis on;title('FF i B FEAIE £45 73 5 IR E FH R,

S = abs(fftshift(fft2(S))); % generate the modulus of the diffraction pattern
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S= csv2I("fH3.csv");
S _denoise=hpROF(S,100,0.01);

% S = image;
S=abs(fftshift(S));
S _denoise=abs(fftshift(S_denoise));
S protect = Protect and remake(S,S_denoise,500);
% S_protect = S_denoise;
% S=S protect;
figure;
imagesc(log(1+S));
axis square;
title("The modulus of diffraction pattern (log)");
%%
itnum = 500; % iteration number
g = rand(N,N); % EAIUGRNLg
for i = 1:itnum
g = g + projectM(2*projectSup(g,sup)-g,S) - projectSup(g,sup); % giFATHHT, KA T sup
RS R AT
% display the reconstruct sample image
imshow(abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1))),' InitialMagnification',200);
final=abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1)));
% title(streat(E AP, num2str(i));
% pause(0.01); % &F—PiEALE RN BRI [E
% s P IE] FRIEAREE RN HE/R N x N RNEZEBRHER m x m KX, 55120k
Fr )RR AR o AN R
end
[1 = final;
%% A TI1, dReRfd AT

%%

sample = I1;

S = zeros(N,N);

% put the sample image into a zero background
S(N/2-(m2-1):N/2+1+(m2-1) ,N/2-(m2-1):N/2+1+(m2-1)) = sample;

% sup = circle_mask(N,m,N/2,N/2); % generate a circle support
% sup = triMask(N,m/2+8,N/2+10,N/2); % B2l — A = M HBSIR & B i
sup = square_mask(N,m); % Z 24— =ML SUR 2 i

S = S.*sup;
figure;imshow(S);axis on;title("FF i B FEALIME £ 75 5 CGCIRFEAE - TR,

S = abs(fftshift(fft2(S))); % generate the modulus of the diffraction pattern

% S= csv2I('fHF1.csv');
% S_denoise=hpROF(S,100,0.01);

% S = image;
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S=abs(fftshift(S));
S _denoise=abs(fftshift(S_denoise));
% S_protect = Protect and remake(S,S denoise,500);
% S_protect = S_denoise;
% S=S_protect;
figure;
imagesc(log(1+S));
axis square;
title("The modulus of diffraction pattern (log)");
%%
itnum = 500; % iteration number
g = rand(N,N); % “ERAHTEEBENLg
for i = l:itnum
g = g + projectM(2*projectSup(g,sup)-g,S) - projectSup(g,sup); % giFATH BT, RFIH T sup
A AS R ATt
% display the reconstruct sample image
imshow(abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1))),' InitialMagnification',200);
final=abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1)));
% title(streat(" AL EL  num2str(i)));
% pause(0.01); % &F— B IEALE R BRI [H]
% oA HIEAREE RIS RER N x N ARPNEZEEPAR m x m KKK, 554K
i A A
end
2 = final;
psnr(11,12)
psnr(I1,rot90(12,2))

ssim(I1,12)
ssim(I11,rot90(12,2))

%% A T12 , dREAEFENETERIB

sample = 12;

S = zeros(N,N);

% put the sample image into a zero background
S(N/2-(m2-1):N/2+1+(m2-1) ,N/2-(m2-1):N/2+1+(m2-1)) = sample;

% sup = circle_mask(N,m,N/2,N/2); % generate a circle support
% sup = triMask(N,m/2+8,N/2+10,N/2); % B3l — N = M HB R & iy
sup = square_mask(N,m); % Z R —A =M BBCER 24T

S = S.*sup;
figure;imshow(S);axis on;title("Ff it i HERIE 44 51 70 Ja GCRAEAE I RCR));

S = abs(fftshift(fft2(S))); % generate the modulus of the diffraction pattern

% S= csv2I('FHfF1.csv');
% S_denoise=hpROF(S,100,0.01);

% S = image;
S=abs(fftshift(S));
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S _denoise=abs(fftshift(S_denoise));
% S_protect = Protect_and remake(S,S_denoise,500);
% S_protect = S_denoise;
% S=S_protect;
figure;
imagesc(log(1+S));
axis square;
title("The modulus of diffraction pattern (log)");
%%
itnum = 500; % iteration number
g = rand(N,N); % EAIUGHNLg
= g + projectM(2*projectSup(g,sup)-g,S) - projectSup(g,sup); % g TR, HFIH T sup
T@*%%n}ffﬁla
% display the reconstruct sample image
imshow(abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1))),' InitialMagnification',200);
final=abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1)));
% title(streat('iEAE ' num2str(i)));
% pause(0.01); % B— BB R B m [H

% SEot (A IS A4S %HT U878 N x N RNEZEBPREE m x m KKK, 558K
Fi R G AN RO

end

I3 = final;
psnr(13,12)
psnr(13,rot90(12,2))

ssim(13,12)
ssim(13,rot90(12,2))

[3 = final;
psnr(I3,11)
psnr(13,r0t90(11,2))

ssim(13,11)
ssim(13,rot90(11,2))

RASTER 3 A8 =R REIEN

function [varargout] = BM3D_CFA(z, sigma)
image name = [
'kodim07.png'
%o 'kodim08.png'
% 'kodim19.png'
% 'kodim23.png'
I;

9%%%  Quality/complexity trade-off profile selection
%0%%%
%%%% 'np' --> Normal Profile (balanced quality)
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if ~exist('profile','var')
profile = 'np'; %% default profile
end

9%%%% Specify the std. dev. of the corrupting noise
%%%%
if ~exist('sigma’,'var')
sigma = 25; %% default standard deviation of the AWGN
end

%%%% Following are the parameters for the Normal Profile.
%%%%

90%%% Select transforms ('dct', 'dst', 'hadamard', or anything that is listed by 'help wfilters'):

transform 2D HT name = 'det'; %% transform used for the HT filt. of size N1 x NI
transform 2D Wiener name = 'dct’;
transform 3rd dim name = 'haar’; %% transform used in the 3-rd dim, the same for HT and

Wiener filt.

9%%% Hard-thresholding (HT) parameters:

N)l il =5; %% N1 x N1 is the block size used for the hard-thresholding (H

T) filtering

[Nstep = 3; %% sliding step to process every next reference block

NdZ . = 16; %% maximum number of similar blocks (maximum size of the 3rd
imension of a 3D array)

[N's = 39; %% length of the side of the search neighborhood for full-search b

lock-matching (BM), must be odd

lambda_thr2D = 0;

tau_match = 3000;%% threshold for the block-distance (d-distance)

lambda thr3D = 2.7, %% threshold parameter for the hard-thresholding in 3D transform d

omain

beta = 2.0; %% parameter of the 2D Kaiser window used in the reconstruction

9%%%% Step 2: Wiener filtering parameters:

N1 wiener = 6;
[Nstep wiener = 3;

N2 wiener = 32;
Ns_wiener = 39;
tau_match wiener = 400;
beta wiener = 2.0;

90%%% Block-matching parameters:

stepFS = 1; %% step that forces to switch to full-search BM, "1" implies always
full-search

smallLN = 'not used in np'; %% if stepFS > 1, then this specifies the size of the s
mall local search neighb.

stepFSW = 1;

smallLNW = 'not used in np';

thrTolncStep = 8; % if the number of non-zero coefficients after HT is less than thrToln
cStep,
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% than the sliding step to the next reference block is incresed to (n
m1l-1)

decLevel = 0; %% dec. levels of the dyadic wavelet 2D transform for blocks (0 means f
ull decomposition, higher values decrease the dec. number)

thr mask = ones(N1); %% NIxN1 mask of threshold scaling coeff. --- by default there is no scali
ng, however the use of different thresholds for different wavelet decompoistion subbands can be d
one with this matrix

[Tfor, Tinv] = getTransfMatrix(N1, transform 2D HT name, decLevel); %% get (normalize
d) forward and inverse transform matrices

[TforW, TinvW] = getTransfMatrix(N1 wiener, transform 2D Wiener name, 0); %% get (normalize
d) forward and inverse transform matrices

if (strcemp(transform 3rd dim name, 'haar’) == 1) | (strcmp(transform 3rd dim name(end-2:end), '1.1
) = 1),

%% % If Haar is used in the 3-rd dimension, then a fast internal transform is used, thus no
need to generate transform

%%"% matrices.
hadper trans_single den = {};
inverse_hadper trans_single den = {};
else
%%% Create transform matrices. The transforms are later applied by
%%% matrix-vector multiplication for the 1D case.
for hpow = 0:ceil(log2(max(N2,N2_wiener))),
h = 2"hpow;
[Tfor3rd, Tinv3rd] = getTransfMatrix(h, transform 3rd dim_name, 0);
hadper trans_single den{h} = single(Tfor3rd);
inverse hadper trans_single den{h} = single(Tinv3rd");
end
end

96%%% 2D Kaiser windows used in the aggregation of block-wise estimates

%0%%%

if beta wiener==2 & beta==2 & N1 wiener==8 & NI1==8 9% hardcode the window function so th
at the signal processing toolbox is not needed by default

Wwin2D = [ 0.1924 0.2989 0.3846 0.4325 0.4325 0.3846 0.2989 0.1

924,
0.2989 0.4642 0.5974 0.6717 0.6717 0.5974 0.4642 0.2989;
0.3846 0.5974 0.7688 0.8644 0.8644 0.7688 0.5974 0.3846;
0.4325 0.6717 0.8644 0.9718 0.9718 0.8644 0.6717 0.4325;
0.4325 0.6717 0.8644 0.9718 0.9718 0.8644 0.6717 0.4325;
0.3846 0.5974 0.7688 0.8644 0.8644 0.7688 0.5974 0.3846;
0.2989 0.4642 0.5974 0.6717 0.6717 0.5974 0.4642 0.2989;
0.1924 0.2989 0.3846 0.4325 0.4325 0.3846 0.2989 0.1924];
Wwin2D_wiener = Wwin2D,;
else
Wwin2D = kaiser(N1, beta) * kaiser(N1, beta)'; % Kaiser window used in the ag
gregation of the HT part
Wwin2D wiener = kaiser(N1 wiener, beta wiener) * kaiser(N1 wiener, beta wiener)'; % K
aiser window used in the aggregation of the Wiener filt. part
end

%%%% If needed, read images, generate noise, or scale the images to the
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26%%% [0,1] interval
%% %%
if ~exist('z','var’)
yRGB = im2double(imread(image name)); %% read a noise-free image and put in in
tensity range [0,1]
y = zeros(size(yRGB,1), size(yRGB,2));
y(1:2:end,1:2:end) = yRGB(1:2:end,1:2:end,2);
y(2:2:end,2:2:end) = yRGB(2:2:end,2:2:end,2);
y(1:2:end,2:2:end) = yRGB(1:2:end,2:2:end,1);
y(2:2:end,1:2:end) = yRGB(2:2:end,1:2:end,3);

randn('seed’, 0); %% generate seed
z =y + (sigma/255)*randn(size(y)); %% create a noisy image

else % external images
image name = 'External image';

% convert z to double precision if needed
z = double(z);
y= [}

end

if (size(z,3) ~= 1)
error('BM3D accepts only grayscale 2D images.');
end

%%% Check whether to dump information to the screen or remain silent
if isempty(y)
dump_output_information = false;
else
dump_output_information = true;
end

%%% Print image information to the screen
%%%%
if dump_output information
fprintf('Image: %s (%dx%d), sigma: %.1f\n', image name, size(z,1), size(z,2), sigma);
end

%%%% Step 1. Produce the basic estimate by HT filtering

%0%%%

tic;

y_ht = bm3d_CFA _thr(z, hadper trans single den, Nstep, N1, N2, lambda_ thr2D,...

lambda thr3D, tau match*N1*N1/(255%*255), (Ns-1)/2, (sigma/255), thrTolncStep, single(Tfor), si
ngle(Tinv)', inverse hadper trans single den, single(thr mask), Wwin2D, smallLN, stepFS );

estimate_elapsed time = toc;

if dump output_information
PSNR_INITIAL ESTIMATE = 10*log10(1/mean((y(:)-double(y_ht(:)))."2));
fprintf('BASIC ESTIMATE, PSNR: %.2f dB\n', PSNR_INITIAL ESTIMATE);
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end

%%%% Step 2. Produce the final estimate by Wiener filtering (using the
9%%% hard-thresholding initial estimate)

%% %%

tic;

y wiener = bm3d CFA wiener(z, y ht, hadper trans single den, Nstep wiener, N1 wiener, N2 wie
ner, ...

'unused arg', tau match wiener*N1 wiener*N1 wiener/(255*%255), (Ns wiener-1)/2, (sigma/255),
'unused arg', single(TforW), single(TinvW)', inverse hadper trans single den, Wwin2D wiener, small
LNW, stepFSW, single(ones(N1_wiener)) );

wiener elapsed time = toc;

%%%% Calculate the final estimate's PSNR, print it, and show the
%%%% denoised image next to the noisy one

%0%%%

y_wiener = double(y_ wiener);

if dump_output information

PSNR = 10*logl10(1/mean((y(:)-y_wiener(:))."2)); % vy is valid

fprintf('FINAL ESTIMATE (total time: %.1f sec), PSNR: %.2f dB\n', ...
wiener_elapsed time + estimate elapsed time, PSNR);

figure, imshow(z); title(sprintf('Noisy %s, PSNR: %.3f dB (sigma: %d)', ...
image name(1:end-4), 10*logl10(1/mean((y(:)-z(:)).”2)), sigma));

figure, imshow(y wiener); title(sprintf('Denoised %s, PSNR: %.3f dB', ...
image name(1:end-4), PSNR));

end

if nargout==0

varargout={};

clse

varargout{l}=y wiener;
varargout{2}=y ht;

end

return;

function [Tforward, Tinverse] = getTransfMatrix (N, transform type, dec levels)
%

% Create forward and inverse transform matrices, which allow for perfect

% reconstruction. The forward transform matrix is normalized so that the

% 12-norm of each basis element is 1.

%

% [Tforward, Tinverse] = getTransfMatrix (N, transform type, dec levels)
%

% INPUTS:

%
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% N --> Size of the transform (for wavelets, must be 2°K)
%
%  transform type --> 'dct', 'dst', 'hadamard', or anything that is

% listed by 'help wfilters' (bi-orthogonal wavelets)

% 'DCrand' -- an orthonormal transform with a DC and all
% the other basis elements of random nature

%

%  dec levels --> If a wavelet transform is generated, this is the

%o desired decomposition level. Must be in the

% range [0, log2(N)-1], where "0" implies

% full decomposition.

%
% OUTPUTS:
%

%  Tforward --> (N x N) Forward transform matrix
%o
%  Tinverse --> (N x N) Inverse transform matrix
%
if exist('dec levels') ~= 1,
dec_levels = 0;
end
if N == 1,
Tforward = 1,
elseif stremp(transform_type, 'hadamard') == 1,
Tforward = hadamard(N);

elseif (N == 8) & strcmp(transform type, 'biorl.5')==1 % hardcoded transform so that the wavelet
toolbox is not needed to generate it

Tforward = [ 0.353553390593274  0.353553390593274  0.353553390593274  0.35355339
0593274  0.353553390593274  0.353553390593274  0.353553390593274  0.353553390593274;

0.219417649252501  0.449283757993216  0.449283757993216  0.219417649252501 -
0.219417649252501 -0.449283757993216 -0.449283757993216 -0.219417649252501;

0.569359398342846  0.402347308162278 -0.402347308162278 -0.569359398342846 -0.
083506045090284  0.083506045090284 -0.083506045090284  0.083506045090284;

-0.083506045090284  0.083506045090284 -0.083506045090284  0.083506045090284 0.
569359398342846  0.402347308162278 -0.402347308162278 -0.569359398342846;

0.707106781186547 -0.707106781186547 0 0
0 0 0 0;
0 0 0.707106781186547 -0.707106781186547
0 0 0 0;
0 0 0 0
0.707106781186547 -0.707106781186547 0 0;
0 0 0 0
0 0 0.707106781186547 -0.707106781186547];

elseif (N == 8) & stremp(transform type, 'det')==1 % hardcoded transform so that the signal proc
essing toolbox is not needed to generate it

Tforward = [ 0.353553390593274  0.353553390593274  0.353553390593274  0.353553390
593274  0.353553390593274  0.353553390593274  0.353553390593274  0.353553390593274;

0.490392640201615  0.415734806151273  0.277785116509801  0.097545161008064 -
0.097545161008064 -0.277785116509801 -0.415734806151273 -0.490392640201615;

0.461939766255643  0.191341716182545 -0.191341716182545 -0.461939766255643 -0.
461939766255643  -0.191341716182545  0.191341716182545  0.461939766255643;

0.415734806151273 -0.097545161008064 -0.490392640201615 -0.277785116509801 0.
277785116509801  0.490392640201615  0.097545161008064 -0.415734806151273;
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0.353553390593274 -0.353553390593274 -0.353553390593274  0.353553390593274 0.
353553390593274 -0.353553390593274 -0.353553390593274  0.353553390593274;

0.277785116509801 -0.490392640201615  0.097545161008064  0.415734806151273  -0.
415734806151273  -0.097545161008064  0.490392640201615 -0.277785116509801;

0.191341716182545 -0.461939766255643  0.461939766255643 -0.191341716182545 -0.
191341716182545  0.461939766255643  -0.461939766255643  0.191341716182545;

0.097545161008064 -0.277785116509801  0.415734806151273 -0.490392640201615 0.
490392640201615 -0.415734806151273  0.277785116509801 -0.097545161008064];

elseif (N == 8) & strcmp(transform type, 'dst')==1 % hardcoded transform so that the PDE toolbo
x is not needed to generate it

Tforward = [ 0.161229841765317  0.303012985114696  0.408248290463863  0.464242826
880013  0.464242826880013  0.408248290463863  0.303012985114696  0.161229841765317;

0.303012985114696  0.464242826880013  0.408248290463863  0.161229841765317 -
0.161229841765317 -0.408248290463863 -0.464242826880013 -0.303012985114696;

0.408248290463863  0.408248290463863 0 -0.408248290463863 -
0.408248290463863 0 0.408248290463863  0.408248290463863;

0.464242826880013  0.161229841765317 -0.408248290463863 -0.303012985114696 0.
303012985114696  0.408248290463863 -0.161229841765317 -0.464242826880013;

0.464242826880013 -0.161229841765317 -0.408248290463863  0.303012985114696 0.
303012985114696 -0.408248290463863 -0.161229841765317  0.464242826880013;

0.408248290463863 -0.408248290463863 0  0.408248290463863
0.408248290463863 0 0.408248290463863 -0.408248290463863;

0.303012985114696 -0.464242826880013  0.408248290463863 -0.161229841765317 -0.
161229841765317  0.408248290463863 -0.464242826880013  0.303012985114696;

0.161229841765317 -0.303012985114696  0.408248290463863 -0.464242826880013 0.
464242826880013  -0.408248290463863  0.303012985114696 -0.161229841765317];

elseif stremp(transform_type, 'dct’) == 1,

Tforward = dct(eye(N));
elseif stremp(transform_type, 'dst') == 1,
Tforward = dst(eye(N));

elseif stremp(transform_type, 'DCrand') == 1,
x = randn(N); x(l:end,1) = 1; [Q,R] = qr(x);
if (Q(1) < 0),
Q=-Q
end;
Tforward = Q';
else %% a wavelet decomposition supported by 'wavedec'
%% % Set periodic boundary conditions, to preserve bi-orthogonality
dwtmode('per','nodisp');

Tforward = zeros(N,N);
for 1 = I:N

Tforward(:,i)=wavedec(circshift([1 zeros(1,N-1)],[dec levels i-1]), log2(N), transform type);
%% construct transform matrix

end
end

%% % Normalize the basis elements
Tforward = (Tforward' * diag(sqrt(1./sum(Tforward.”2,2))))’;

%%% Compute the inverse transform matrix
Tinverse = inv(Tforward);

return;
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AR 4 B0

clear all;
clc;close all;

N = 512; % size of the diffraction pattern image
scale = 4;% I RFERIFM S, WKAME$2,4,8,16
m = N/scale; % size of the sample image

m2 = m/2;

sample = rgb2gray(imread('Lena.png')); % readthe lena.jpg as sample image
% sample=sample(1+256:N+256,1+256:N+256);

% sample = imresize(sample,[m m]);

sample = MatMap(sample,0,1); % the sample matrix is normalized

figure;imshow(sample, InitialMagnification',200);axis on;title('sample image");
%%

[ final = zeros(N,N);

[ denoise_final=zeros(N,N);

% figure(2)

noise_type = 1;%'salt’;

noise_type = 2;%'gaussian’;

noise type = 3;%'gaussiantsalt’;

noise_type = 0;'no noise';

noise_type = 0;
noise_energy = 0.02;% A58, 0.05,0.1
if noise type == 1
noise = imnoise(zeros(512,512),'salt & pepper',noise energy.”2); % ¥Nl5% MERE, 10%ME
else
if noise type ==

noise = imnoise(zeros(512,512), 'gaussian', 0,noise_energy."2) ;  %IJMEIHZ N0, TTEN
0.05, 0.1

else
if noise type == 3
noise = imnoise(zeros(512,512),'salt & pepper',noise energy.”2)+imnoise(zeros(512,51
2),'gaussian',noise_energy.”2); % M FPYE &S
else %noise type == 0
noise = zeros(512,512);
end
end
end

psnr_all=[4,500];ssim_all=[4,500];
for ID = l:scale*scale
% S = zeros(N,N);
% put the sample image into a zero background
% S(N/2-(m2-1):N/2+1+(m2-1) ,N/2-(m2-1):N/2+1+(m2-1)) = sample;
S=sample;
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% sup = circle_mask(N,m2,N/2+50,N/2+50); % generate a circle support
triMask(N,m/2+8,N/2+10,N/2); % Zi&Hepli— > = A LHERE R & 4

% sup
sup = square

S = S.*sup;

% figure;imshow(S);axis on;title("FF i # FEASTEE TS 53 7 CGCRFEAE FH IR ));

S = abs(fftsh

S max = max(max( S));
S min=min(min( S));
= (S-min(min( S)))./(max(max( S))-min(min( S)));
Yo MUANWEFS, UIRBAAWERS, AR
S_denoise=hpROF(S,100,noise_energy."2);
S = S*(S_max-S min)+S_min;

S = S+noise

S denoise =

S protect = Protect and remake(S,S_denoise,256);

% S =S protect ;

% S= csv2I('

% S = image;

% S=abs(fftshift(S));

% figure;

% imagesc(log(1+S));

% axis square;

% title('The modulus of diffraction pattern (log)');

%%

for phase = 2

ithum =
switch p

case 1

otherwise

end

g2 =g
for 1 =

%Wﬁﬁmﬁﬁﬁﬁm
AT ST, /\ﬂﬂﬂ Tsupﬁﬁ%ﬁf/ua

_mask(N,m,ID); % iR

ift(fft2(S))); % generate the modulus of the diffraction pattern

S denoise*(S_max-S min)+S min;

B .csv');

500; % iteration number
hase

g = randn(N,N); % A IIGHNLg
g = rand(N,N); % VIR EENLg
% A RIaE R Lg
1:25%itnum
+ projectM(2*projectSup(g,sup)-g,S) - projectSup(g,sup); % gi#tATH B, H

g2 + projectM(2*projectSup(g2,sup)-g2,S protect) - projectSup(g2,sup); % g

%

%
ification',200);

%
%
%

display the reconstruct sample image
imshow(abs(g(N/2-(m2-1):N/2+1+(m2-1),N/2-(m2-1):N/2+1+(m2-1))), InitialMagn|

imshow(abs(g), InitialMagnification',200);
hold on;
title(streat("EAUE 2, num2str(i)));
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% pause(0.01); % B BTG B W ]

v T IR LR N x N A/NEREEA N m x m K/NKE,
SR B BB o A SR

I sup = sup.*abs(g);

imshow(I_sup);

I sup = I sup(1:N/scale,1:N/scale);

psnr all(phase,i)=max([psnr(I sup,sample(1:N/scale,1:N/scale)),psnr(rot90(I sup,2),sample
(1:N/scale,1:N/scale))]);

ssim all(phase,i)=max([ssim(I sup,sample(1:N/scale,1:N/scale)),ssim(rot90(I sup,2),sampl
e(1:N/scale,1:N/scale))]);

end
end
% g2 = ifft2(S_protect.*(fft2(g)./abs(fft2(g))));
I _final = 1 final+sup.*abs(g);
I denoise final = 1 denoise final+sup.*abs(g2);
end
% figure(10)
% for phase=1:2
% plot([1:itnum],psnr_all(phase,:), linewidth',1.5);
% hold on;
% end
Y xlabel("IEARIEL)
% ylabel('PSNR'")
% set(gca,'fontsize',16);
% legend(' /=il 734", ¥ 53 43 A1)
% figure(11)
% for phase=1:2
% plot([1:itnum],ssim_all(phase,:),'linewidth',1.5);
% hold on;
% end
% xlabel("EACIKEL)
% ylabel('SSIM")
% set(gca,'fontsize',16);
% legend('f i3 Ai', ¥ 50 43 A1)
figure(6)
disp ("2 AR Ja 3045 2 BN 75 BB S5 R, ssim A N ak — AN KT
subplot(1,2,1)
imshow(I_final)
subplot(1,2,2)
imshow(I_denoise final)

sample_rate=scale*scale% I RFFH
noise_type
noise_energy

ssim_final = ssim(I_final,sample)
ssim_final = ssim(I_final,rot90(sample,2))

ssim_final = ssim(I_denoise_final,sample)
ssim_final = ssim(I_denoise_final,rot90(sample,2))
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[ final with rot=I_ final;

[ denoise final with rot=I denoise final;

for ID=1:scale*scale
[judge,l final with rot]=judge rot(I final with rot,N,scale,ID);
[judge,l denoise final with rot]=judge rot(I denoise final with rot,N,scale,ID);
% judge

end

for ID=1:scale*scale
[judge,l final with rot]=judge rot(I final with rot,N,scale,ID);
[judge,l denoise final with rot]=judge rot(I denoise final with rot,N,scale,ID);
% judge

end

for ID=I1:scale*scale
[judge,l final with rot]=judge rot(I final with rot,N,scale,ID);
[judge,l denoise final with rot]=judge rot(I_denoise final with rot,N,scale,ID);
% judge

end

figure(7)

disp(2E A FH Sa 305 BRI 75 i BRI S5 5R, ssim A ik — KD
sample rate=scale*scale% L KFEHR

noise_type

noise_energy

subplot(1,2,1)

imshow(I_final with rot)

subplot(1,2,2)

imshow(I_denoise final with rot)

ssim_final = ssim(I final with rot,sample)

ssim_final = ssim(I_final with_rot,rot90(sample,2))
ssim_final = ssim(I_denoise final with rot,sample)
ssim_final = ssim(I_denoise final with rot,rot90(sample,2))

%/0%%%% %% %6%%% %% %% %% % %% %6 %% %% Yo I 5 1T iR

%% %% % %% %% %% %% % %% % % %% % % %% % % % %% % % %% % % %% %
function [judge,l judge] = judge rot(I,N,scale,ID)

00 MR TR, 347 4 e SEID B (500, 3 LA —He ekt 1801, Heh 105l 1%
N AN RIZ R, e R0, AR 2]

m=N/scale;% B4 )7tk

windows = m,;

[X=floor((ID-1)/scale)+1;

Y=ID - (X-1)*scale;% ise 55 MAT NS K] EIH

maski = square_mask(N,m,ID);% i1 55k

% 1_ID = maski.*L;%7E EE H i B S b

[ ID=I(1+windows*(X-1):windows*X, 1+windows*(Y-1):windows*Y);%Hx t} F{& (K ID-5 i HE AR — /] B

[ ID_rot = rot90(I_ID,2);% 1% ZIID/NREUZ 1IiEH: 1804

[ with rot = [;
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[ with_rot(1+windows*(X-1):windows*X, I+windows*(Y-1):windows*Y)=I_ID_rot;%75 215 e % i FI1
D /NP IE 7w 5] 215 K

CoBETT IR TH R fe bR, B SSIMIH R Z T2 J5 M ER, 55 EIfSSIM
Grad no_rot=sum(sum(imgradient(I)));
Grad rot = sum(sum(imgradient(I_with_rot)));

if Grad rot<Grad no_rot
judge = 1;

I judge=I with rot;
else

judge = 0;

I judge=I;

end

% maski = zeros(N,N);%#] 451t — mask, mask K/N5 7 E—%

% scale = N/m;

% windows = N/scale;% i i) & 7

% mask center=ones(windows,windows);

%

%

% X=floor((ID-1)/scale)+1;

% Y=ID - (X-1)*scale;% ir&5MAT N

% maski(1+windows*(X-1):windows*X, 1+windows*(Y-1):windows*Y)=mask center;
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