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2.1.1 FOCAL LENGTH
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2.1.3 IMAGE FORMATION
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2.1.5 MODULAR TRANSFER FUNCTION (MTF) AND CONTRAST
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4.3.2 GEOMETRIC ABERRATIONS
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Table 1. Comparison on Unibrain to more commerciatligital cameras.
Unibrain Canon EOS 3000 Canon Powershot A510 Nokia N90
MTF50 61 1600 1164 676
Distortion % 0.01 3.52 2.67 3.61
Dynamic Range 6 13 10 11
Noise 0.0069 0.000060 0.000044 0.000370
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APPENDICES

APPENDIX 1: THE MATLAB CODE FOR AN IDEAL IMAGE

N=200;
R=4*sqrt(N/pi);
for x=1:N;
for y=1:N;
xnew=x-N/2-1;
ynew=y-N/2-1;
r=(xnew"2+ynew”"2)"(1/2);
xgraph(x)=xnew;
ygraph(y)=ynew;
if r<R
matrix(x,y)=1;

else if r==

matrix(x,y)=.5;

else matrix(x,y)=0;

end
end
matrix(x,y)=matrix(x,y)*(1+i*10.2*1*(r/R)*2*xnew/R)
end
end
fitshift(matrix);
fitmatrix=fftn(matrix);
newmatrix=abs((fftshift(fftmatrix)));
maxim=max(max(abs((newmatrix))));
newmatrix=abs(255*(newmatrix)/maxim);
maxmin=max(max(newmatrix));
image(xgraph,ygraph,newmatrix)
colormap( ‘gray’ )

( 77=0,1=%
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APPENDIX 2: THE MATLAB CODE FOR AN IMAGE WITH COMA

N=200;
R=4*sqrt(N/pi);
for x=1:N;
for y=1:N;
xnew=x-N/2-1;
ynew=y-N/2-1;
r=(xnew”2+ynew"2)"(1/2);
xgraph(x)=xnew;
ygraph(y)=ynew;
if r<R
matrix(x,y)=1;

else if r==R

matrix(x,y)=.5;

else matrix(x,y)=0;

end
end
matrix(x,y)=matrix(x,y)*exp(i*20.2*1*(r/R)"2*xnew/R )i
end
end
fftshift(matrix);
fitmatrix=fftn(matrix);
newmatrix=abs((fftshift(fftmatrix)));
maxim=max(max(abs((newmatrix))));
newmatrix=abs(255*(newmatrix)/maxim);
maxmin=max(max(newmatrix));
image(xgraph,ygraph,newmatrix)
colormap( ‘gray’ )

( 77=0,1=%
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APPENDIX 3: THE MATLAB CODE FOR AVERAGING MONOCHROME IMAGES

function  noiseRemovalByAveraging(l) % (petteri.teikari@gmail.com), 2007
codePath = cd; % setting the path containing the m-file

% Asks the user to choose an image file(s)

[fleNames, pathname] = uigetfile(

{ ™bmp'" |, 'Bitmap (*.bmp)' P
“jpg" , 'JPEGHile (*jpg) :
* if! , TIFF-file (*.tif)’ ;
wx o CAllFiles (*¥) b
'Pick a file' -
'MultiSelect' , ‘on' )

% Summing intensity values of all images chosen for every pixel
for indx=1:(length(fleNames))
% Changing the active path to the folder containing the files
cd(pathname)
% Reading the first file
| = imread(fileNames{indx});
readingData = sprintf( "%s%s' , 'Reading data from file: " ,
fileNames{indx});

disp(readingData)
% Converts the input image to a grayscale image
% The if to check whether an image is RGB or graysc ale
if 3==
| = double(rgb2gray(l));
end
if indx==
% Preallocating the |_out to improve memory handlin g
sizelnputimage = size(l);
|_out = double(zeros(sizelnputimage(1,1), s izelnputimage(1,2)));
end
sprintf( '%s' , fileNames{indx}); % prints the processed filename
|_out=1_out + double(l);
end

% Averaging the intensity values
I_out = I_out/length(fileNames);

% Calculate the image quality parameters
cd(codePath); [snr, psnr, imfid, mse] = calculatelm ageQuality(l, 1_out);
cd(pathname)

% Conversion from double to uint8

% NOTE: SOME INFROMATION COULD BE LOST HERE WITH |_ out! (due to roundup
errors)

|_out = uint8(1_out);

[ = uint8(1);

% Definition of the output-file
fileNameOut = sprintf( "%s%d%s', 'ImAveraged ' , length(fleNames), “bmp' );

% Writing the processed image to hard drive
imwrite(l_out, fileNameOut, ‘bmp* );
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APPENDIX 4. THE MATLAB CODE FOR IMAGE QUALITY CALCULATION

function  [snr, psnr, imfid, mse] = calculatelmageQuality(l, |_out)

% Code taken from:

% http://www.mathworks.com/matlabcentral/fileexchange /loadFile.do?objectld=8791&objectType=file

% Signal quality calculations:
% SNR, PSNR, Image Fidelity, MSE

%Signal to Noise Ratio (SNR)
md = (I - |_out)."2;
mdsize = size(md);
summation = 0O;
sumsqg=0;
for i=1:mdsize(l);
for j=1l:mdsize(2);
summation = summation + abs(md(i,j));
sumsq = sumsq + (I(i,j))"2);
end
end
snr = sumsg/summation;
snr =10 * log10(snr);

%Peak Signal to Noise Ratio (PSNR)
md = (I - |_out)."2;
mdsize = size(md);
summation = 0;
sumsqg=0;
for i=21.mdsize(l);
for j=1l:mdsize(2);
summation = summation + abs(md(i,j));
end
end
psnr = size(l, 1) * size(l, 2) * max(max(l.*2)) /summation;
psnr = 10 * log10(psnr);

%lmage Fidelity
md = (I - |_out)."2;
mdsize = size(md);
summation = 0O;
sumsq = 0;
for i=1:mdsize(l);
for j=1.mdsize(2);
summation = summation + abs(md(i,j));
sumsq = sumsq + (I(i,j))"2);
end
end
imfid = (1-summation)/sumsq;

%Mean Square Error
diff = 1-1_out;

diffl = diff.”2;
mse = mean(mean(diffl));
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APPENDIX 5: THE MATLAB CODE FOR CALCULATING VARIANCE OF ONE
ROW IN THE IMAGE

image=double(imread('x’)/255);
image_row=image(’);
variance=var(image_row)
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