10
6

Geological Magazine

HingeInflex: A MATLAB-based method for precise selection of the hinge and the inflection points in folds
Deepak C. Srivastava & V. Rastogi
Appendix A. Matlab code “HingeInflex” for precise location of the hinge and the inflection points

HingeInflex.m

%HingeInflex searches for the hinge and the inflection points on a 

%given fold using the curvature distribution analysis. To analyze a 

%fold digitize the fold image using any plot-to-data conversion 

%software such as grabit and save the digitized data points in a 

%matlab data file (*.mat). HingeInflex uses the functions datap and %pmaxcurvm.

clear all

clc

format long

warning off

nstpi=500; % number of points for interpolation

imax=15; %maximum number of trials for polynomial fitting

[x1,y1]=datap(nstpi,imax);

xy=[x1 y1];

xymin=min(xy);

xymax=max(xy);

x1i=xymin;y1i=xymin;x1o=xymax;y1o=xymax;

range=xymax-xymin;

r5pc=range*0.05;

[xc,yc,cc]=pmaxcurvm(x1,y1);

h1=figure;

subplot(2,1,1)

plot(yc)

xlabel('Index');ylabel('y');

title('fold')

grid on

subplot(2,1,2)

plot(cc,'.')

xlabel('Index');ylabel('C');

title('Curvature Plot')

grid on

pan on;

set(h1,'name','HingeInflex:Region Selection','NumberTitle','off','Resize','off','MenuBar','none')

pause;

prompt={'Index of Xmin for H-point:','Index of Xmax for H-point:',...

        'Index of Xmin for I-point:','Index Xmax for I-point:'};

name='Data for Curve Fitting';

nlns=1;

defaultanswer={'800','2500','2500','4500'};

anss=inputdlg(prompt,name,nlns,defaultanswer);

i0h=str2num(anss{1});

ieh=str2num(anss{2});

i0i=str2num(anss{3});

iei=str2num(anss{4});

if iei > length(xc)

    iei=length(xc);

end

x1h=xc(i0h:ieh);

y1h=yc(i0h:ieh);

cch=cc(i0h:ieh);

cih=cc(i0h);

[cfh jhh]=max(abs(cch));

xh=x1h(jhh);yh=y1h(jhh);xhs=sprintf('%5.2f',xh);yhs=sprintf('%5.2f',yh);

x1inf=xc(i0i:iei);

y1inf=yc(i0i:iei);

cci=cc(i0i:iei);

cii=cc(i0i);

h2=figure;

plot(x1,y1,'LineWidth',2)

axis([x1i x1o y1i y1o])

axis square

box off;

xlabel('{\it x}'),ylabel('{\it y}'),...

    title('Hinge and Inflection Points Marked on the Fold')

hold on

plot(xh,yh,'k+','MarkerSize',20,'LineWidth',2)

disp('Point to label Hinge Point');    

gtext(['{\it H}','(',xhs,',',yhs,')'],...

    'FontName','CG Times');

jj=0;

for ii=2:length(cci)

    if cci(ii)*cci(ii-1)<0

        jj=jj+1;

        cfi(jj)=cci(ii);

        jii=ii;

        xsss=x1inf(jii);

        ysss=y1inf(jii);

        xinf(jj)=xsss;yinf(jj)=ysss;xinfs=sprintf('%5.2f',xsss);yinfs=...

sprintf('%5.2f',ysss);

        plot(xinf(jj),yinf(jj),'k+','MarkerSize',20,'LineWidth',2)

        gtext(['{\it I} ','(',xinfs,',',yinfs,')'],...

            'FontName','CG Times')

     end

end

set(h2,'name','HingeInflex: Hinge and Inflection Points','NumberTitle','off','Resize','off','color',...

[1 1 1],'MenuBar','none')

hold off

msgbox('Hit Enter to continue','Paused','return')

pause

   h3=figure;

    plot(xc,cc,'b.','MarkerSize',6)

    axis([min(xc) max(xc) min(cc) max(cc)*1.1]);

    xlabel('{\it x}'),ylabel('{\it C}({\it x})'),title...

('Curvature Distribution')

    hold on

    plot(xh,cfh,'k+','MarkerSize',20,'LineWidth',2)

    gtext('{\it{\it C}}_{max}')

    for ijf=1:length(cfi)

        plot(xinf(ijf),cfi(ijf),'k+','MarkerSize',20,'LineWidth',2)

        gtext('{\it{\it C}}_{inf}')

    end

    plot([min(xc) max(xc)],[0 0],'k--');

    box off;

    set(h3,'name','HingeInflex: Curvature Distribution','NumberTitle','off','Resize','off','color',...

[1 1 1],'MenuBar','none')

    hold off

display(['Hinge point(',num2str(xh),',',num2str(yh),')'])

display(['Inflection point(',num2str(xinf),',',num2str(yinf),')'])

datap.m

function [xp,yp]=datap(nstpi,imax)

warning off

[fnm, pathname] = uigetfile({'*.mat'},'Pick a file');

eval(['load ', fnm])

[fname,ext] = strtok(fnm,'.');

aaa=eval(fname);

xri=aaa(:,1);yri=aaa(:,2);

xri=xri';yri=yri';

xyri=[xri yri];

xyrimax=max(xyri);xyrimin=min(xyri);

span=xyrimax-xyrimin;

x0=min(xri);

xm=max(xri);

xs=xri(1);

xf=xri(length(xri));

h1=figure;

plot(xri,yri,'o');

axis([xyrimin xyrimax xyrimin xyrimax]);

axis square;

xlabel('{\it x}'),ylabel('{\it y}'),...

    title('Digitized DataPoints on the Fold')

set(h1,'name','HingeInflex: Digitized Fold','NumberTitle',...

    'off','Resize','off','MenuBar','none')

        button=questdlg(['Overturn fold? Want to rotate the fold?',...

        'Hit No or Cancel to proceed without processing']);

        switch button

            case 'Yes'

            jj=0;

            jmax=15;

            for j=1:jmax

                if jj==0

                    prompt={'Angle of rotation in degrees:'};

                    name='Rotation for overturn folds';

                    nlns=1;

                    defaultanswer={'30'};

                    ansr=inputdlg(prompt,name,nlns,defaultanswer);

                    th=str2num(ansr{1})*pi/180;

                    ths=ansr{1};

                    x0=span/2;y0=span/2;

                    xrir=(xri-x0)*cos(th)-(yri-y0)*sin(th);

                    yrir=(yri-y0)*cos(th)+(xri-x0)*sin(th);

                    xyr=[xrir yrir];xyrmax=max(xyr);xyrmin=min(xyr);

                    h2=figure;

                    plot(xrir,yrir,'o') 

                    title(['Rotated fold',...

                        '(Angle of rotation =',ths,' deg.)'])

                    axis([xyrmin xyrmax xyrmin xyrmax]);

                    axis square;

     set(h2,'name','HingeInflex: Processing Overturn Folds',...

         'NumberTitle','off','Resize','off',...

          'MenuBar','none')

                    pause

                else

                    break

                end

                button=questdlg(['Want to Change the angle of rotation?',...

                'Hit No or Cancel to proceed with current angle']);

                switch button

                    case 'Yes'

                        jj=0;

                    otherwise

                        jj=1;

                    break;

                end

                if j==jmax

                    msgbox('Maximum number of trials reached')

                end

            end

            xr=linspace(min(xrir),max(xrir),nstpi);

            yr=csaps(xrir,yrir,0.1,xr);

            xri=xrir;yri=yrir;

            xyri=[xri yri];xyrimax=max(xyri);xyrimin=min(xyri);            

            otherwise

            xr=linspace(x0,xm,nstpi);

            yr=csaps(xri,yri,0.1,xr);

        end

ii=0;

for i=1:imax

    if ii==0

        prompt={'Degree','Number of points for curve generation:'};

        name='Polynomial Fitting';

        nlns=1;

        defaultanswer={'9','5000'};

        ansr=inputdlg(prompt,name,nlns,defaultanswer);

        m=str2num(ansr{1});

        nstp=str2num(ansr{2});

        p=polyfit(xr,yr,m);

        yfit=polyval(p,xr);

        res=(yr-yfit)./(yr);

        xp=linspace(min(xri),max(xri),nstp);    

        yp=polyval(p,xp);

        h3=figure;

        bar(xr,res,0.001,'r');

        colormap(cool);

        xlabel('{\it x}');

        ylabel('Residue');

        title(['Max Res = ',num2str(max(abs(res))),...  

             'Degree of Polynomial=',num2str(m)]);

        set(h3,'name','HingeInflex: Polynomial Fitting Analysis','NumberTitle','off','Resize','off','MenuBar','none')

        pause

    else

        break

    end

    button=questdlg(['Want to fit another polynomial?',... 

       'Hit No or Cancel to proceed with current fitting']);

    switch button

        case 'Yes'

            ii=0;

        otherwise

            ii=1;

            break;

    end

    if i==imax

        msgbox('Maximum number of trials reached')

    end

end

h4=figure;

plot(xri,yri,'ro',xp,yp);

xlabel('{\it x}'); ylabel('{\it y}');

title(['Fitted Polynomial (Degree = ',num2str(m),')']);

axis([xyrimin xyrimax xyrimin xyrimax]);

axis square;

legend('Digitized Fold Points','Fitted Polynomial','Location','South')

set(h4,'name','HingeInflex: Digitized Fold and Polynomial Fitting','NumberTitle','off','Resize','off','MenuBar','none')    

msgbox('Hit Enter to continue','Paused','return');

pause

pmaxcurvm.m

function [x2f,y2f,c] = pmaxcurvm(x2,y2)

dydx=gradient(y2,x2);

d2ydx2=gradient(dydx,x2);

Rinv=(d2ydx2./(1+dydx.^2).^1.5);

Drdx=gradient(Rinv,x2);

acc=10;

ii=0;

for i=2:length(d2ydx2)

    trm1=abs(Rinv(i)-Rinv(i-1)); 

    trm2=abs(Drdx(i-1)*(x2(i)-x2(i-1)));

    tdiff=trm1-trm2;

    if(tdiff<=acc)

        ii=ii+1;

        x2f(ii)=x2(i);

        y2f(ii)=y2(i);

        c(ii)=Rinv(i);

        dydxf(ii)=dydx(i);

        dydx2f(ii)=d2ydx2(i);

    end

end

[cmax jmax]=max(abs(c));

c=c/sign(c(jmax));























































































































































































































































