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function [If,w1f,w2f,Df,J,Q,E]=DMF(I1,I2,robust,nbit,method,win);

clc

%%%%% Parameters %%%%%
%
%  Inputs :   I1 <- first degraded image
%             I2 <- second degraded image
%             robust <- 0=no 1=yes
%             nbit <-number of iterations    
%             method <- 'noexpectation'=original   'expectation'=WN
%             win <-size of the neighbourhood (if wanted)  
%
% Outputs :   If -> fused image
%             w1f -> final weights matrix for the image 1
%             w2f -> final weights matrix for the image 2
%             Df -> vector containing all the successive values of D 
(distorsion)
%             J -> vector containing all the successive values of the 
cost function
%             Q -> vector containing all the succesive values of the 
image
%             quality index
%             E -> vector containing all the succesive values of the 
mean
%             square error

% First we create the vector containing all the possible values for 
the
% learning rates
num=[];
for i=1:8
    for k=1:9
        num=[num k*10^-i];
    end
end

   

switch lower(method)

    

    

    

%%%%%% First method : The "normal" DMF (no WN)  %%%%%%

      case {'noexpectation'}

          
% Initialization
[N M]=size(I1);
global Ii
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global f_mean

% We are going to work with zero mean pictures
m1=mean(mean(I1));
m2=mean(mean(I2));
f1=I1-m1;
f2=I2-m2;

% w is set as a matrix with 1/2
w1=1/2*ones(N,M);
w2=1/2*ones(N,M);

% D is set as the mean of the distorsion of the two input images
D1=distorsion(I1);
D2=distorsion(I2);
D=mean([D1 D2]);

% We compute the first iteration of the images
f_=w1.*f1+w2.*f2; % Zero mean
f_mean=w1.*I1+w2.*I2; % Non-zero mean

% We calculate the values of the different parameters we want to 
evaluate
Df(1)=D;
J(1)=cost_function(f_,D);
E(1)=sqrt(sum(sum((Ii-f_mean).^2)));
Q(1)=petrovic(I1,I2,f_mean);

for k=1:nbit

    
    disp(['Iteration ' num2str(k) ' over ' num2str(nbit)])

    
%% First step : Updating the w vector and the fused image f_   

    

    % We choose the value of the learning rate eta either with the 
robust
    % method or with a fixed value
    if robust==1
        grad1=(f_.^2-D).*f_;
        for i=1:47
            w1i=w1-num(i)*grad1.*f1;
            w2i=w2-num(i)*grad1.*f2;
            w1_i=abs(w1i)./(abs(w1i)+abs(w2i));
            w2_i=abs(w2i)./(abs(w1i)+abs(w2i));
            f_meani=w1_i.*I1+w2_i.*I2;
            essaien(i)=cost_function(f_meani,D);
        end
        [ess,vrainum] = min(essaien);
        eta=num(vrainum);
    else
        eta=10^-6;
    end
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    % We calculate the gradient and update the values of w and the 
fused
    % image
    grad1=(f_.^2-D).*f_;
    w1=w1-eta*grad1.*f1;
    w2=w2-eta*grad1.*f2;
    w1_=abs(w1)./(abs(w1)+abs(w2));
    w2_=abs(w2)./(abs(w1)+abs(w2));
    f_mean=w1_.*I1+w2_.*I2;
    f_=f_mean-mean(mean(f_mean));

    

    

    
% Second step : Updating the D value

     

   % We choose the value of mu either with the robust method or with a
   % fixed value
   if robust==1
        grad2=(D-mean(mean(f_.^2)));
            for i=1:47
            essaien(i)=cost_function(f_,num(i));
            end
        [ess,vrainum] = min(essaien);
        mu=num(vrainum);
   else
        mu=10^-1;
   end

   
    % We calculate the gradient and update the D value
    grad2=(D-mean(mean(f_.^2)));
    D=abs(D-mu*grad2);

    
%% Third step : Evaluation of the relevant parameters

        
    l=k+1;
    Df(l)=D;
    J(l)=cost_function(f_,D);
    Q(l)=petrovic(I1,I2,f_mean);
    if not(isempty(Ii))
        Q(k)=image_quality(Ii,f_mean);
        E(l)=sqrt(sum(sum((Ii-f_mean).^2)));
    end
    k=k+1;

end

w1f=w1_;
w2f=w2_;
If=w1_.*I1+w2_.*I2;
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%%%%%% Second method : The DMF_WN  %%%%%%

    case {'expectation'}

        

        
% Initialization
[N M]=size(I1);
global Ii

% We are going to work with zero mean pictures
m1=mean(mean(I1));
m2=mean(mean(I2));
f1=I1-m1;
f2=I2-m2;

% w is set as a matrix with 1/2
w1=1/2*ones(N,M);
w2=1/2*ones(N,M);

% D is set as the mean of the distorsion of the two input images
D1=distorsion(I1);
D2=distorsion(I2);
D=mean([D1 D2]);

% We compute the first iteration of the images
f_mean=w1.*I1+w2.*I2; %Non-zero mean version
f_=w1.*f1+w2.*f2; %Zero mean version

Df(1)=D;
J(1)=cost_function(f_,D);

       

for k=1:nbit

    
    disp(['Iteration ' num2str(k) ' over ' num2str(nbit)])

    
%% First step : Updating the w vector and the fused image f_   

    eta=10^-6;
    grad1=(f_.^2-D).*f_;
    w1=w1-eta*calculate_expectation(grad1.*f1,win);
    w2=w2-eta*calculate_expectation(grad1.*f2,win);
    w1_=abs(w1)./(abs(w1)+abs(w2));
    w2_=abs(w2)./(abs(w1)+abs(w2));
    f_mean=w1_.*I1+w2_.*I2;
    f_=w1_.*f1+w2_.*f2;

% Second step : Updating the D value

    mu=0.9    
    grad2=(D-mean(mean(f_mean.^2)));
    D=abs(D-mu*grad2);

  

    
%% Third step : Evaluation of the relevant parameters
    l=k+1;    
    Df(l)=D;
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    J(l)=cost_function(f_mean,D);
    if not(isempty(Ii))
        Q(k)=image_quality(Ii,f_mean);
        E(k)=sqrt(sum(sum((Ii-f_mean).^2)));
    end
    k=k+1;

end

w1f=w1_;
w2f=w2_;
If=w1_.*I1+w2_.*I2;      

        

end

�
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function [If,w1f,w2f,K,Q,E]=KMF(I1,I2,robust,nbit);

clc

%% Parameters
%
%  Inputs :   I1 <- first degraded image
%             I2 <- second degraded image
%             robust <- 0=no 1=yes
%             nbit <-number of iterations    
%
% Outputs :   If -> fused image
%             w1f -> final weights matrix for the image 1
%             w2f -> final weights matrix for the image 2
%             K -> vector containing all the successive values of the
%             kurtosis
%             Q -> vector containing all the succesive values of the 
image
%             quality index
%             E -> vector containing all the succesive values of the 
mean
%             square error

% First we create the vector containing all the possible values for 
the
% learning rates
num=[];
for i=-5:6
    for k=1:2:9
        num=[num k*10^-i];
    end
end

          
% Initialization
[N M]=size(I1);
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global Ii
global f_mean

% We are going to work with zero mean pictures
m1=mean(mean(I1));
m2=mean(mean(I2));
f1=I1-m1;
f2=I2-m2;

% w is set as a matrix with 1/2
w1=1/2*ones(N,M);
w2=1/2*ones(N,M);

% We compute the first iteration of the images
f_mean=w1.*I1+w2.*I2;

% We calculate the values of the different parameters we want to 
evaluate
K(1)=abs(kurtosis(f_mean));
E(1)=sqrt(sum(sum((Ii-f_mean).^2)));
Q(1)=petrovic(I1,I2,f_mean);

for k=1:nbit

    
    disp(['Iteration ' num2str(k) ' over ' num2str(nbit)])

    
%% First step : Updating the w vector and the fused image f_   

    

% We calculate the optimal value of the learning rate
    if robust==1
        f_=f_mean-mean(mean(f_mean));
        m2=mean(mean((f_).^2));
        m4=mean(mean((f_).^4));
        grad1=sign(kurtosis(f_mean))/m2^3.*(m2*f_.^2-m4).*f_;
        for i=1:60
            w1i=w1-num(i)*grad1.*f1;
            w2i=w2-num(i)*grad1.*f2;
            w1_i=abs(w1i)./(abs(w1i)+abs(w2i));
            w2_i=abs(w2i)./(abs(w1i)+abs(w2i));
            f_meani=w1_i.*I1+w2_i.*I2;
            essaien(i)=abs(kurtosis(f_meani));
        end
        [ess,vrainum] = max(essaien);
        eta=num(vrainum);
    else
        eta=0.9;
    end

        
    f_=f_mean-mean(mean(f_mean));
    m2=mean(mean((f_).^2));
    m4=mean(mean((f_).^4));

    
    % We calculate the gradient and update the values of w and the 
fused image
    grad1=sign(kurtosis(f_mean))/m2^3.*(m2*f_.^2-m4).*f_;
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    w1=w1-eta*grad1.*f1;
    w2=w2-eta*grad1.*f2;
    w1_=abs(w1)./(abs(w1)+abs(w2));
    w2_=abs(w2)./(abs(w1)+abs(w2));
    f_mean=w1_.*I1+w2_.*I2;

    

    

    
%% Second step : Evaluation of the relevant parameters

        
    l=k+1;
    K(l)=abs(kurtosis(f_mean));
    Q(l)=petrovic(I1,I2,f_mean);
    if not(isempty(Ii))
    E(l)=sqrt(sum(sum((Ii-f_mean).^2)));
    end
    k=k+1;

end

w1f=w1_;
w2f=w2_;
If=w1_.*I1+w2_.*I2;

�

�
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function [blurred_image]=add_blur(image,num,level)

[n,m]=size(image);

%% Computes the degradation
degradation=fspecial('average',[2*level 2*level]);

%%Computes the degraded picture;
blurred_image=image;

if num==1
blurred_image(10:floor(n/3),30:floor(4*m/5))=imfilter(image(10:floor(n
/3),30:floor(4*m/5)),degradation,'replicate');
end

if num==2
blurred_image(floor(n/2):floor(7*n/8),floor(m/3):floor(9*m/10))=imfilt
er(image(floor(n/2):floor(7*n/8),floor(m/3):floor(9*m/10)),degradation
,'replicate');
end

�

�

�

�

�
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function [meanimage]=calculate_expectation(image,win)

%% We first work on the center of the image
[N,M]=size(image);
image_=reshape(mean(im2col(image,[win win],'sliding')),N-win+1,M-
win+1);

win=floor(win/2);
meanimage=zeros(N,M);

%% Then on the corners
for i=1:win
    for j=1:M
        A(i,j)=mean(mean(image(max(i-win,1):min(i+win,N),max(j-
win,1):min(j+win,M))));
    end
end

for i=1:N
    for j=1:win
        B(i,j)=mean(mean(image(max(i-win,1):min(i+win,N),max(j-
win,1):min(j+win,M))));
    end
end

for i=N-win+1:N
    for j=1:M
        C(i,j)=mean(mean(image(max(i-win,1):min(i+win,N),max(j-
win,1):min(j+win,M))));
    end
end

for i=1:N
    for j=M-win+1:M
        D(i,j)=mean(mean(image(max(i-win,1):min(i+win,N),max(j-
win,1):min(j+win,M))));
    end
end

meanimage(1:win,:)=A(1:win,:);
meanimage(:,1:win)=B(:,1:win);
meanimage(N-win+1:N,:)=C(N-win+1:N,:);
meanimage(:,M-win+1:M)=D(:,M-win+1:M);
meanimage(win+1:N-win,win+1:M-win)=image_;

�


