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FilenamesCell=dir ('*.png');
ToDo=1:numel (FilenamesCell) ;

[o)

s index of the images in FilenamesCell that we want to process
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circumS=zeros (numel (FilenamesCell), 1) ;
CostS=zeros (numel (FilenamesCell), 1) ;
ParamsS=zeros (numel (FilenamesCell), 6);
filenameS=cell (numel (FilenamesCell), 1) ;
EvolsS=cell (numel (FilenamesCell), 1) ;
timePreprocessingS=zeros (numel (FilenamesCell),1);
timeOptimizationS=zeros (numel (FilenamesCell),1);
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%% Save results to file
writeImageYellowEllipses=false;
writeImageBinaryEllipse=false;
writeImagePositiveEllipse=false;

PA=100;
PB=100;

for 1iii=ToDo

la nSe (soled sl w65 Uy plonl
$%% load image
fnamme=FilenamesCell (iiii) .name;
disp(['Processing ', fnammel]) ;
z=im2double (rgb2gray (imread (fnamme))) ;
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figure
imshow (z, [])
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[maskkx,
maskky]=meshgrid(linspace(0,1,size(z,2)),linspace(0,1,size(z,1)));

maskkx maskky

200 400 600 800 200 400 600 800

dMap=size (z, 1) *maskky;

dMap=min (dMap, size(z, 2) *maskkx) ;
dMap=min (dMap, size(z,2) * (1-maskkx)) ;
dMap=min (dMap, size(z,1) * (1-maskky)) ;
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the unmodified image in the scanned area. In particular, as illus-
trated in Fig. 5, we use a Kaiser 2-D kernel whose support radius is
a quarter of the maximum distance between the already diffused
image and the image boundary. About 18 iterations suffice for the
diffusion to reach the boundary. We denote the extrapolated image
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diffuse=false;

end
end
Image in lteration # 1 Weights in Iteration # 1
100 100
200 200
300 300
400 400
500 500
600 600
700 700
200 400 600 800 200 400 600 800
Image in lteration # 15 Weights in Iteration # 15
100 100
200 200
300 300
400 400
500 500
600 600
700 700

200 400 600 800 200 400 600 800

4>l Loyl g oo oSe Shigtome (59) 32 Sy 5 05 Wbn i Slbes o &5 398 (o0 ool
2l s o oo 5l pge 1 g oo slo

ol 03l oy Ao a4 bgpe p) Coomd o Sllos ool ol ‘al.?dl Iy 510 Gl (g dd> 1o b (a5l

o



z0 =

difused Image/difused Weights dct2(z0) dct Domain Attenuation

200 50 4
] :

400 o i
150

600
200

200 400 600 800 50 100 150 200
zSmooth
idct2(dct2(z0).*Attenuation) z0-zSmooth normalized Z

200 200 200
400 400 400
600 . 600 600
200 400 600 800 200 400 600 800 200 400 600 800

preprocessingTimel=now;

zdct=dct2(z);

timePreprocessingS (iiii)=
(preprocessingTimel-preprocessingTime0) *60*60*24;

disp (['Preprocessing: ',num2str([iiii timePreprocessingS(iiii)]),
seconds']);
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%%% ellipse initialization
cl=0.5;

c2=0.5*size(z,2)/size(z,1);

r1=0.28;

r2=0.32;

theta=0;

thicknessFactor= 0.0186*min((size(z)-2*PadBorderPixel) ./size(z));
EllipseParameters=[cl,c2,rl,r2,theta, thicknessFactor];
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% downscaling
if downscaleFactor (scalelIndex) ~=1
zRescaled=imresize (z,round(size (z) /downscaleFactor (scaleIndex)));
disp(['current downscaled image size is
', num2str (size (zRescaled,2)),"' x ',num2str(size (zRescaled,1l))])

else
zRescaled=z;
disp(['current image size is ',num2str(size (zRescaled,2)),' x
', num2str (size (zRescaled, 1)), (no downscaling) '])
end
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xTol= (2e-03) *downscaleFactor (scalelndex);

randn ('seed',0);
rand ('seed',0);

nelderMeadWasSuccessful=true;

numberOfNelderMeadRestartsCurrent=numberOfNelderMeadRestartsAtEachScale (scale
Index) ;
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% NELDER-MEAD
if MaxNelderMeadIterationsSet==0;

FunctionValue=evalEllipseFit (zRescaled, fitParams, fixParams, indicatorForParame
ters);

counterIterationsForEachScale (scaleIndex)=counterIterationsForEachScale (scale
Index)+1;

counterFunctionEvaluationsForEachScale (scaleIndex)=counterFunctionEvaluations
ForEachScale (scalelndex)+1;
else

[fitParams, FunctionValue, OUTPUT]=optimizeEllipseParam (zRescaled, fitParams (Ran
domPermutation) ./fitParamsScale (RandomPermutation), fixParams, fitParamsScale, i
nt8 (RandomPermutationInverse - 1),

xTol, fTol,MaxNelderMeadIterationsSet,MaxFunEvalOptSet) ;

fitParams=fitParams (RandomPermutationInverse) .*fitParamsScale;

counterIterationsForEachScale (scaleIndex)=counterIterationsForEachScale (scale
Index)+0QUTPUT; %.iterations;

counterFunctionEvaluationsForEachScale (scaleIndex)=counterFunctionEvaluations
ForEachScale (scalelIndex)+OUTPUT; %.funcCount;
end

EllipseParameters (indicatorForParameters)=fitParams;
EllipseParameters (3:4)=abs (EllipseParameters(3:4)); % enforces
positivity of the radius parameters

if FunctionValue<FunctionValueCurrentBest %%% fminsearch
succeeded in improving the solution
FunctionValueCurrentBest=FunctionValue;
EllipseParametersCurrentBest=EllipseParameters;
nelderMeadWasSuccessful=true;

else
nelderMeadWasSuccessful=false;
end
if nelderMeadWasSuccessful || counterNelderMeadRestarts==1 ||

numberOfNelderMeadRestartsCurrent==counterNelderMeadRestarts;
counterLogLine=counterLogLine+1;
EvolutionLog (counterLogLine, :)=[scalelIndex
downscaleFactor (scalelndex) counterNelderMeadRestarts
FunctionValueCurrentBest counterIterationsForEachScale (scalelIndex)



$%% adjust thickness
disp('adjusting thickness')
indicatorForParameters=[false false false false false true]l;
MaxNelderMeadIterationsSet=MaxNelderMeadIterationsSetEachScale (end) ;
MaxFunEvalOptSet=2*MaxNelderMeadIterationsSet;
xTol=5e-03;
for jijij=1l:numberOfNelderMeadRestartsAtEachScale (end)
fTol=5e-3;
fitParams=EllipseParameters (indicatorForParameters) ;
fixParams=EllipseParameters (~indicatorForParameters) ;

[fitParams, FunctionValueCurrentBest, EXITFLAG, OUTPUT]=NelderMead (@ (fitParams)
evalEllipseFit (zRescaled, fitParams, fixParams, indicatorForParameters), fitParam
s, optimset ('MaxFunEvals',MaxFunEvalOptSet, 'MaxIter', MaxNelderMeadIterationsSe
t, 'TolX'",xTol, '"TolFun', fTol, 'Display',optimsetdisplay));%,optimset ('Display’,
'iter'));

counterIterationsForEachScale (scaleIndex)=counterIterationsForEachScale (scale
Index)+OUTPUT.iterations;

counterFunctionEvaluationsForEachScale (scaleIndex)=counterFunctionEvaluations
ForEachScale (scalelIndex)+OUTPUT. funcCount;
EllipseParameters (indicatorForParameters)=fitParams;

counterLogLine=counterLogLine+1;

EvolutionLog (counterLogLine, :)=[scalelIndex
downscaleFactor (scalelIndex) counterNelderMeadRestarts
FunctionValueCurrentBest counterIterationsForEachScale (scaleIndex)
counterFunctionEvaluationsForEachScale (scaleIndex) (now-
preprocessingTimel) *60*60*24 EllipseParametersCurrentBest];

disp (num2str (EvolutionLog (counterLogLine, :)));

end

optimizationTimel=now;

timeOptimizationS (iiii)=(optimizationTimel-preprocessingTimel) *60*60*24;

disp(['Optimization completed: image #',num2str([iiii
timeOptimizationS(iiii)]),"' seconds']);
disp(' '),disp(" ")
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[cl,c2,rl,r2,theta,thicknessFactor]
('Optimized ellipse parameters:')
(['rl=',num2str (EllipseParameters(l)),', ', ...
'r2=",num2str (EllipseParameters (2)), Y.
'cl=",num2str (EllipseParameters (3))
'c2=",num2str (EllipseParameters (4)),
"theta=',num2str (EllipseParameters(5)),"', ', ...
'kappa="',num2str (EllipseParameters (6))])
ParamsS (iiii, :)=EllipseParameters;
filenameS{iiii}=fnamme;
EvolsS{iiii}=EvolutionLog;
CostS(iiii)=FunctionValueCurrentBest;
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end



ellipseBinary=zUnPad(ellipseBinary, PadBorderPixel) ;

ellBinaryS=false(size(ellipseBinary,1l),size(ellipseBinary,2),numel (FilenamesC
ell));
ellipseFittedDoG=zUnPad(ellipseFittedDoG, PadBorderPixel) ;

ellBinaryS(:,:,iiii)=logical (ellipseBinary);
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$%% compute anatomical measures

OFD(iiii)=2*max (rl,r2)*dx(iiii)*size z 1;

BPD(iiii)=2*min(rl, r2)*dx(iiii) *size z 1;

OFDoo (1iiii)=2*r max min emboss (l)*dx(iiii)*size z 1;

BPDoo(iiii)=2*r:max:min:emboss(2)*dx(iiii)*size:zil;

SKULL THICKNESS (1iii)=2*(r 1 2 emboss(l)-rl)*dx(iiii)*size z 1;

SKULL THICKNESS FROM BPD(iiii)=1.31-
0.119*BPD(1iii)+0.00472*BPD(iiii)"2-0.00003627*BPD(iiii) "3;

CIRCUMFERENCE EXACT (iiii)=circumS (iiii)*dx(iiii)*size z 1;

CIRCUMFERENCE_APPROX (1i1i1i1)=pi* (BPD(iiii)+OFD(iiii))/2;

HC(iiii)=pi* (BPDoo (iiii)+OFDoo (iiii))/2;

if writeImagePositiveEllipse

imwrite (max (0,ellipseFittedDoG/max (ellipseFittedDoG(:))), [unigID,' ellipse fi
t  ',num2str(10000+iiii),"' ', fnamme(l:end-4),'.tif']);
end

if writeImageBinaryEllipse

imwrite (ellipseBinary, [uniqID,' ellipse binary ',num2str(10000+iiii),"' ', fn
amme (l:end-4), '.tif']);
end
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yellowBrightness=0.5; % set to 1 to have max brightness

yellowEllipseThickness=0.001; %5 0.001 is a fairly decent number

[vellowEllipseMiddle]=generateEllipse(cl,c2, rl ,
r2
,theta,yellowEllipseThickness,size z 1,size z 2,lenl,len2,positive fraction);

[yellowEllipseOuter]=generateEllipse(cl,c2, r 1 2 emboss (1) ,

r 1 2 emboss(2)

,theta,yellowEllipseThickness,size z 1,size z 2,lenl,len2,positive fraction);
[yellowEllipselInner]=generateEllipse(cl,c2, 2*rl-r 1 2 emboss(l) ,
2*r2-r 1 2 emboss (2)

,theta,yellowEllipseThickness,size z 1,size z 2,lenl,len2,positive fraction);

yellowEllipseMiddle=max (0, yellowEllipseMiddle/max (yellowEllipseMiddle (:))) *ye
llowBrightness;
yellowEllipseOuter=max (0,yellowEllipseOuter/max (yellowEllipseOuter(:))) *yello

wBrightness;



