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APPENDIX-A 

 

The datasets have been shared in the form of graphs due to space constraints, as the data 

has thousands of rows for each monitoring set generated using the Slope Stability Radar 

(SSR). Therefore, only two of the digitized datasets have been shared below and all the 

other data sets either raw data from the South Eastern Coalfields Limited mines or 

digitized datasets have been presented through graphs. 

Digitized Data: For all the digitized datasets, displacement(mm) data is tabulated with 

respect to time, where time is measured as number of days. 

Dataset 1: Australian Mine (Glastonbury and Fell 2002) 

TIME(Days) Displacement(mm) 37.62359661 68.45684629 

2.508930878 0.982519997 37.96065806 73.24899666 

3.225704803 0.979887218 38.27539438 78.3S7180755 

3.987351145 1.307668132 38.50060801 83.82552577 

4.726598302 1.635531319 38.70338542 89.11403715 

5.421121136 2.294137296 38.90616284 94.40254853 

6.227639895 2.952331901 39.04181675 100.021885 

6.944710008 4.272012084 39.0430015 105.3111368 

7.70635635 4.599792998 39.1113838 110.6001418 

8.44564053 5.092945306 39.22463853 116.2195606 

9.185072805 6.247254094 39.2931319 122.0044329 

9.924394008 6.905695522 39.38391339 127.2933557 

10.66386331 8.225293431 39.43000759 133.0783103 

11.3808964 9.379684494 39.52078908 138.3672331 

12.12032867 10.53399328 39.52201085 143.8217741 

12.85961285 11.02714559 39.61290341 149.6065642 

13.62144431 12.18137211 39.68124869 154.7302801 

14.33844037 13.17047405 39.68254451 160.5153993 

15.0777986 13.9942046 39.72867573 166.4656431 

15.8172679 15.31380251 39.79705803 171.7546481 

16.53430099 16.46819357 39.8431152 177.3743136 

17.29613245 17.62242008 39.91149751 182.6633187 

18.03556472 18.77672887 39.95755468 188.2829842 

18.75256079 19.76583081 40.00357482 193.7373606 

19.44737981 21.74674975   

20.16444992 23.06642994   

20.90384517 24.0554496   

21.64331447 25.37504751   

22.40510891 26.36398491   

23.12236414 28.51011069   

23.8395083 30.16036912   

24.53417922 31.48013157   

25.25132338 33.13039   

25.96846754 34.78064842   
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26.70801089 36.43082457   

27.42504398 37.58521563   

28.11978895 39.23555633   

28.83693311 40.88581475   

29.59880159 42.20533039   

30.3158717 43.52501057   

31.01061668 45.17535127   

31.75004895 46.32966006   

32.46715609 47.81462936   

33.18430025 49.46488779   

33.87904522 51.11522848   

34.61851452 52.43482639   

35.31333354 54.41574533   

35.96361336 57.55385266   

36.56905778 60.52683542   

37.10748976 64.3265106   

 

 

Dataset 2: Agoyama slide (Saito 1979) 

Time(Days) Displacement(mm) 45.14548239 1473.684211 

6.156202144 33.95585739 46.06431853 1548.387097 

7.166921899 40.74702886 46.06431853 1589.134126 

8.177641654 40.74702886 46.83001531 1738.539898 

9.157733538 54.32937182 47.56508423 1887.945671 

10.13782542 67.91171477 48.20826953 2044.142615 

11.1179173 81.49405772 48.82082695 2227.504244 

12.15926493 88.2852292 49.40275651 2410.865874 

13.13935681 108.6587436 49.98468606 2580.645161 

14.08882083 108.6587436 50.50535988 2777.589134 

15.13016845 95.07640068 51.08728943 2954.159593 

16.11026034 135.8234295 51.39356815 3171.47708 

17.12098009 135.8234295 51.69984686 3375.212224 

0
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18.10107198 156.196944 51.9754977 3592.529711 

19.08116386 183.3616299 52.15926493 3816.63837 

20.09188361 183.3616299 52.31240429 4027.164686 

21.13323124 196.9439728 52.43491577 4237.691002 

22.11332312 224.1086587 52.58805513 4475.382003 

23.09341501 224.1086587 52.64931087 4685.908319 

24.10413476 258.0645161 52.86370597 4903.225806 

25.05359877 285.229202 53.01684533 5127.334465 

26.06431853 325.9762309 53.07810107 5351.443124 

27.04441041 346.3497453 53.23124043 5561.96944 

28.05513017 373.5144312 53.35375191 5792.86927 

29.03522205 387.0967742 53.35375191 6010.186757 

29.15773354 407.4702886 53.44563553 6234.295416 

29.21898928 421.0526316 53.53751914 6451.612903 

29.21898928 421.0526316 53.72128637 6668.93039 

30.01531394 421.0526316 53.84379786 6886.247878 

30.99540582 475.3820034 53.9050536 7110.356537 

30.99540582 475.3820034   

30.99540582 468.5908319   

30.99540582 461.7996604   

31.85298622 516.1290323   

31.85298622 516.1290323   

31.85298622 502.5466893   

32.46554364 536.5025467   

32.95558959 577.2495756   

33.9050536 624.7877759   

34.88514548 665.5348048   

35.83460949 719.8641766   

36.81470138 760.6112054   

37.79479326 814.9405772   

38.80551302 862.4787776   

39.72434916 950.7640068   

40.61255743 1018.675722   

41.62327718 1086.587436   

42.51148545 1174.872666   

43.39969372 1276.740238   

44.28790199 1371.816638   
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Filed Data: All the field data are collected using the SSR Viewer software and represents 

the deformation data captured by the SSR on field. The SSR measures deformation 

approximately every 15 minutes and the deformation is measured in mm. The following 

graphs are a direct representation of the enhanced deformation(mm) vs time(date-time), 

measured every 15 minutes.  

Dataset 1: Kusmunda Mines, South Eastern Coalfields Limited. 
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Dataset 2: Gevra Mines, South Eastern Coalfields Limited. 
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Dataset 3: Dipka Mines, South Eastern Coalfields Limited. 
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APPENDIX-B 

 

The code we used for data analysis and finding the onset of failure is shared below; 
clc;  
kus1=readtable('Data 1_Kusmunda Old V1.xlsx'); 
[r, c]=size(kus1); 
kus1 
kus1.EnhancedDeformation 
dispdiff=diff(kus1.EnhancedDeformation); 
N=datenum(kus1.Time); 
timediff1=diff(N)*24*60; 
vec=[]; 
for rng=1:r 
vec(rng)=rng; 
end 
timecorr=vec' %transpose of raw matrix 
timediff=diff(vec') 
newdatatab=table(timediff, dispdiff); 
newdatatab 
filttabdata=newdatatab(newdatatab.dispdiff>=0,:) 
v=zeros(length(timediff),1); 
for i=1:length(timediff) 
    v(i)=(dispdiff(i)/timediff(i)); 
end 
size(v) 
veltbl=table(timediff, v); 
veltblpos=veltbl(veltbl.v>=0,:); 
[rn, cn]=size(veltblpos); 
timecorrval=(timecorr((2:rn+1),:)); 
figure 
plot(timecorrval,veltblpos.v) 
velocity=veltblpos.v; 
fnltbl=table(timecorrval,velocity) 
fnltbl 
[row,col]=size(fnltbl); 
row,col 
%condition 0 
co=fnltbl.velocity; 
for i=1:row 
if co(i)>0 
cco=true; 
chkrow=i; %for checking if code is running or not; 
else 
cco=false; 
end 
end 
chkrow 
if chkrow==row 
fprintf('proceed to condition 1'); 
% condition 1 
    ci=diff(fnltbl.velocity); 
lnth_ci=length(ci); 
condi=false; 
for j=1:lnth_ci-3 
cnt=0; 
for indi=j:j+3             
if ci(indi)>0 
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cnt=cnt+1; 
               ci(indi) 
else 
cnt=cnt+0; 
end 
 
if cnt>=3 
condi=true; 
else 
condi=false; 
end 
end 
if condi==true 
fprintf('condition 1 is satisfied for j=indi-3= %d\n',indi-3); 
a_diff_tbl_cnt=0; 
t_c=indi-3+9 
indpplt=[]           
for b=1:5 
%figure 
%hold on  
               x=fnltbl.timecorrval(indi-4+b:t_c-1+b,:); 
               y=fnltbl.velocity(indi-4+b:t_c-1+b,:); 
pplt=polyfit(x, y, 2); 
%x1=fnltbl.timecorrval(t_c:t_c,:); 
%y1=fnltbl.velocity(t_c-10:t_c,:); 
%pplt1=polyfit(x1, y1, 2); 
%hold off 
for indplt=1 
indpplt(b,:)=pplt(1,1); 
end 
end 
           t_c-1 
           indi-4 
a_tbl=table(indpplt) 
a_chk_cnt=0; 
for a_chk=1:4 
if a_tbl.indpplt(a_chk)>0 
a_chk_cnt=a_chk_cnt+1; 
else 
a_chk_cnt=a_chk_cnt+0; 
end 
end 
if a_chk_cnt>=3 
fprintf('criteria 2 satisfied. Proceeding to criteria 3'); 
a_diff_tbl_data=diff(a_tbl.indpplt); 
a_diff_tbl=table(a_diff_tbl_data) 
a_diff_tbl_cnt=0; 
for a_diff_cond=1:4 
if a_diff_tbl.a_diff_tbl_data(a_diff_cond)>0 
a_diff_tbl_cnt=a_diff_tbl_cnt+1; 
else 
a_diff_tbl_cnt=a_diff_tbl_cnt+0; 
end 
end 
if a_diff_tbl_cnt>=3 
fprintf('Acceleration phase reached at velocity index %d and deformation index 
%d\n',t_c-9,t_c-9+1); 
fprintf('So the time is '); 
                 tm=t_c-9+1; 
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                 kus1.Time(tm) 
break; 
else 
fprintf('condition 3 is not satisfied \n'); 
end 
else 
fprintf('criteria 2 is not satisfied properly \n'); 
end 
else 
fprintf('condition 1 is not satisfied for j=indi-3= %d\n', indi-3); 
end 
end 
else 
fprintf('condition 1 not satisfied\n'); 
end 
 
for b=1:4 
    figure 
    hold on  
    x=fnltbl.timecorrval(t_c-9+b:t_c+b,:); 
    y=fnltbl.velocity(t_c+b-9:t_c+b,:); 
pplt=polyfit(x, y, 2); 
    f=polyval(pplt,x); 
    plot(x,y,'o',x,f,'-') 
    hold off 
end 
figure 
for b=1:4 
%figure 
    hold on  
    x=fnltbl.timecorrval(t_c-10+b:t_c+b-1,:); 
    y=fnltbl.velocity(t_c+b-10:t_c+b-1,:); 
pplt=polyfit(x, y, 2); 
    f1=polyval(pplt,x); 
    plot(x,y) 
    hold off 
end 
figure 
for b=1:1 
%figure 
    hold on  
    x=fnltbl.timecorrval(t_c-10+b:t_c+b-1+4,:); 
    y=fnltbl.velocity(t_c+b-10:t_c+b-1+4,:); 
pplt=polyfit(x, y, 2); 
    f1=polyval(pplt,x); 
    plot(x,y,'o',x,f1,'-') 
    hold off 
end 
 
for b=1:4  
    x=fnltbl.timecorrval(t_c-10+b:t_c+b-1,:); 
    y=fnltbl.velocity(t_c-10+b:t_c+b-1,:); 
pplt_fit=polyfit(x, y, 2) 
end 
 

Output 
fnltbl =  5845×2 table 
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time                  velocity 

___________    ________ 

          2         0.14824 

          3         0.47646 

          4         0.22452 

          5         0.16517 

          6        0.084181 

          7         0.48999 

          8        0.058977 

         :            :     

       5832           0.019 

       5833           0.108 

       5834           0.149 

       5835            0.14 

       5836           0.131 

       5837           0.115 

       5838           0.007 

       5839           0.157 

       5840           0.186 

       5841             0.1 

       5842           0.076 

       5843           0.162 

       5844           0.199 

       5845           0.079 

       5846           0.145 

All the stages were satisfied at the 36th index of time to give the onset of 
acceleration. 
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Below is the code in MATLAB with the results of a particular dataset proving the above 

observations where n= number of monitoring data for parabolic study or curve fitting and 

d= number of data points needed for the model to run in every stage. Here we also discuss 

the percentage limit as ratios. 

Checking with a d=5, 3/5 configuration: 

crit5_35 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit5_35(j) = crit5_35(j)+1; 
    if sum(aj(1:5)>0)<3 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 

Checking with a d=5, 4/5 configuration: 

crit5_45 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit5_45(j) = crit5_45(j)+1; 
    if sum(aj(1:5)>0)<4 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end     
end 

Plotting different check configuration results: 



[152] 

 

figure(2) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-14),crit5_35,'-',t(1:end-

14),crit5_45,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('d=4, 3/4', 'd=5, 3/5', 'd=5, 4/5'); 
%ylim([0 4]); 
yticks([ 2 3 4 5]); 

 

Checking with a d=6, 4/6 configuration: 

crit6_46 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit6_46(j) = crit6_46(j)+1; 
    if sum(aj(1:6)>0)<4 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end      
end 

Checking with a d=6, 5/6 configuration: 

crit6_56 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(vj)>0)<5 
        continue 
    end  
    crit6_56(j) = crit6_56(j)+1; 
    if sum(aj(1:6)>0)<5 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(aj)>0)<5 
        continue 
    end     
end 
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Plotting different check configuration results: 

figure(3) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-15),crit6_46,'-',t(1:end-

15),crit6_56,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('d=4, 3/4', 'd=6, 4/6', 'd=6, 5/6');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 

 

    Finding a parabolic fitting for different values of the 'n' parameter. 
Repeating the procedure for finding parabolic fitting parameters from the 
beginning: 

N = [8 9 11 12]; 
AA = zeros(length(v)-7,1); 
 
for k = 1:length(N) 
    for j = 1:length(v)-N(k)+1 
        p = polyfit(t(j:j+N(k)-1),v(j:j+N(k)-1),2); 
        AA(j,k) = p(1); 
    end 
end 

Applying a d=4, 3/4 configuration check for each model with different 'n' 
value. n=8: 

crit8 = 2*ones(length(AA)-4,1); 
for j = 1:length(crit8) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,1); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit8(j) = crit8(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 

n=9: 

crit9 = 2*ones(length(AA)-5,1); 
for j = 1:length(crit9) 
    vj = v(j:j+4); 
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    aj = AA(j:j+4,2); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit9(j) = crit9(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 

n=11: 

crit11 = 2*ones(length(AA)-7,1); 
for j = 1:length(crit11) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,3); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit11(j) = crit11(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 

n=12: 

crit12 = 2*ones(length(AA)-8,1); 
for j = 1:length(crit12) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit12(j) = crit12(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
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    crit12(j) = crit12(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 

Plotting the check results for all models with different 'n' value: 

figure(4) 
hold on 
grid on  
plot(t(1:end-11),crit8,t(1:end-12),crit9,t(1:end-13),crit4_34,t(1:end-

14),crit11,t(1:end-15),crit12) 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('n=8', 'n=9','n=10','n=11','n=12');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
figure(5) 
hold on 
grid on  
yyaxis left 
plot(T,S) 
ylabel('Displacement (mm)'); 
yyaxis right 
plot(T(3:end),ac) 
ylabel('Acceleration (mm/d^2)'); 
xlabel('Time (days)'); 

 

     

     

Figure 4. 1 : Plot showing slope behaviour used in the parametric 
study 

hold on 
grid on 
S1 = S(2:end); 
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h = 
plot(t(crit4_34==2),S1(crit4_34==2),'o',t(crit4_34==3),S1(crit4_34==3),'o',t
(crit4_34==4),S1(crit4_34==4),'o',t(crit4_34==5),S1(crit4_34==5),'o'); 
h(4).Color = [0.4660 0.6740 0.1880]; 
legend('Stage 2','Stage 3', 'Stage 4','Stage 5');  
ylabel('Displacement (mm)'); 
xlabel('Time (days)'); 

 
The codes were further modified using the proposed algorithm. These codes are 
below; 
 
Code 1: 
close all; clear; clc; 
 
[data] = readmatrix('V1.xlsx'); 
S = data(:,2); 
t = data(:,1);    
 
dS = diff(S); 
dt = diff(t); 
t = cumsum(dt); 
v = dS./dt; 
 
% Find a parabolic fitting for each dataset 
A = zeros(length(v)-9,1); 
B = zeros(length(v)-9,1); 
C = zeros(length(v)-9,1); 
 
for j = 1:length(v)-9 
    p = polyfit(t(j:j+9),v(j:j+9),2); 
    A(j) = p(1); 
    B(j) = p(2); 
    C(j) = p(3); 
end 
 
% Find a power law fitting for each dataset: 
alpha = zeros(length(v)-9,1); 
beta = zeros(length(v)-9,1); 
for j = 1:length(v)-9 
    q = polyfit(log(t(j:j+9)),log(v(j:j+9)),1); 
    alpha(j) = exp(q(2)); 
    beta(j) = q(1); 
%     q = fit(t(j:j+9),v(j:j+9),'power1'); 
%     alpha(j) = q.a; 
%     beta(j) = q.b; 
end 
 
%Plot the data: 
figure(1) 
subplot (2,2,1) 
f = 200; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
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legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #1');  
 
subplot (2,2,2) 
f = 520; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #2'); 
 
subplot (2,2,3) 
f = 600; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #3'); 
 
subplot (2,2,4) 
f = 800; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #4'); 
set(gcf,'position',[300,150,1000,800]) 
 
crit4_34 = zeros(length(A)-4,1); 
for j = 1:length(A)-4 
    vj = v(j:j+4); 
    aj = A(j:j+4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit4_34(j) = crit4_34(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
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end 
 
crit5_35 = zeros(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit5_35(j) = crit5_35(j)+1; 
    if sum(aj(1:5)>0)<3 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit5_45 = zeros(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit5_45(j) = crit5_45(j)+1; 
    if sum(aj(1:5)>0)<4 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end     
end 
 
figure(2) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-14),crit5_35,'-',t(1:end-
14),crit5_45,'-') 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('d=4, 3/4', 'd=5, 3/5', 'd=5, 4/5'); 
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
crit6_46 = zeros(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
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    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit6_46(j) = crit6_46(j)+1; 
    if sum(aj(1:6)>0)<4 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end      
end 
 
crit6_56 = zeros(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(vj)>0)<5 
        continue 
    end  
    crit6_56(j) = crit6_56(j)+1; 
    if sum(aj(1:6)>0)<5 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(aj)>0)<5 
        continue 
    end     
end 
 
figure(3) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-15),crit6_46,'-',t(1:end-
15),crit6_56,'-') 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('d=4, 3/4', 'd=6, 4/6', 'd=6, 5/6');  
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
N = [8 9 11 12]; 
AA = zeros(length(v)-7,1); 
 
for k = 1:length(N) 
    for j = 1:length(v)-N(k)+1 
        p = polyfit(t(j:j+N(k)-1),v(j:j+N(k)-1),2); 
        AA(j,k) = p(1); 
    end 
end 
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crit8 = zeros(length(AA)-4,1); 
for j = 1:length(crit8) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,1); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit8(j) = crit8(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit9 = zeros(length(AA)-5,1); 
for j = 1:length(crit9) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,2); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit9(j) = crit9(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit11 = zeros(length(AA)-7,1); 
for j = 1:length(crit11) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,3); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit11(j) = crit11(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(aj)>0)<3 
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        continue 
    end     
end 
 
crit12 = zeros(length(AA)-8,1); 
for j = 1:length(crit12) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit12(j) = crit12(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
figure(4) 
hold on 
grid on  
plot(t(1:end-11),crit8,t(1:end-12),crit9,t(1:end-13),crit4_34,t(1:end-
14),crit11,t(1:end-15),crit12) 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('n=8', 'n=9','n=10','n=11','n=12');  
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
figure(5) 
hold on 
grid on 
S1 = S(2:end); 
 
h = 
plot(t(crit4_34==0),S1(crit4_34==0),'.',t(crit4_34==1),S1(crit4_34==1),'.',t
(crit4_34==2),S1(crit4_34==2),'.',t(crit4_34==3),S1(crit4_34==3),'.'); 
h(4).Color = [0.4660 0.6740 0.1880]; 
legend('Criterion 0','Criterion 1', 'Criterion 2','Criterion 3');  
ylabel('Displacement (mm)'); 
xlabel('Time (days)'); 
 
def_crit = ones(length(A)-4,1); 
for j = 1:length(def_crit) 
    vj = v(j:j+4); 
    aj = A(j:j+4); 
    sj = S(j:j+4); 
    if sum(sj>0)<5 
        continue 
    end 
    def_crit(j) = def_crit(j)+1; 
    if sum(vj(1:4)>0)<4 
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        continue 
    end 
    def_crit(j) = def_crit(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    def_crit(j) = def_crit(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    def_crit(j) = def_crit(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end      
end 
 
figure(6) 
plot(t(1:end-13),def_crit) 
hold on  
grid on 
xlabel('Time (days)'); 
ylabel('Criterion'); 
title('5 criteria check') 
yticks([ 1 2 3 4 5]); 
 
figure(7) 
h = 
plot(t(def_crit==1),S1(def_crit==1),'.',t(def_crit==2),S1(def_crit==2),'.',.
.. 
    
t(def_crit==3),S1(def_crit==3),'.',t(def_crit==4),S1(def_crit==4),'.',t(def_
crit==5),S1(def_crit==5),'.'); 
grid on 
legend('Criterion 1', 'Criterion 2','Criterion 3','Criterion 4','Criterion 
5');  
ylabel('Displacement (mm)'); 
xlabel('Time (days)'); 
 
 

Code 2: 

close all; clear; clc; 
 
%Load the data: 
[data] = readmatrix('V1.xlsx','Sheet','Velocityover120'); 
v = data(10:end,2); 
t = data(10:end,1);    
 
dt = diff(t); 
t = [0;cumsum(dt)]; 
 
% Find a parabolic fitting for each dataset 
A = zeros(length(v)-9,1); 
B = zeros(length(v)-9,1); 
C = zeros(length(v)-9,1); 
 
for j = 1:length(v)-9 
    p = polyfit(t(j:j+9),v(j:j+9),2); 
    A(j) = p(1); 
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    B(j) = p(2); 
    C(j) = p(3); 
end 
 
% Find a power law fitting for each dataset: 
alpha = zeros(length(v)-9,1); 
beta = zeros(length(v)-9,1); 
for j = 1:length(v)-9 
    q = polyfit(log(t(j:j+9)),log(v(j:j+9)),1); 
    alpha(j) = exp(q(2)); 
    beta(j) = q(1); 
%     q = fit(t(j:j+9),v(j:j+9),'power1'); 
%     alpha(j) = q.a; 
%     beta(j) = q.b; 
end 
 
%Plot the data: 
figure(1) 
subplot (2,2,1) 
f = 50; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #1');  
 
subplot (2,2,2) 
f = 100; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #2'); 
 
subplot (2,2,3) 
f = 150; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #3'); 
 
subplot (2,2,4) 
f = 200; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
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fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #4'); 
set(gcf,'position',[300,150,1000,800]) 
 
crit4_34 = zeros(length(A)-4,1); 
for j = 1:length(A)-4 
    vj = v(j:j+4); 
    aj = A(j:j+4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit4_34(j) = crit4_34(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit5_35 = zeros(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit5_35(j) = crit5_35(j)+1; 
    if sum(aj(1:5)>0)<3 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end       
end 
 
crit5_45 = zeros(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(vj)>0)<4 
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        continue 
    end  
    crit5_45(j) = crit5_45(j)+1; 
    if sum(aj(1:5)>0)<4 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end      
end 
 
figure(2) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-14),crit5_35,'-',t(1:end-
14),crit5_45,'-') 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('d=4, 3/4', 'd=5, 3/5', 'd=5, 4/5'); 
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
crit6_46 = zeros(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit6_46(j) = crit6_46(j)+1; 
    if sum(aj(1:6)>0)<4 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end     
end 
 
crit6_56 = zeros(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(vj)>0)<5 
        continue 
    end  
    crit6_56(j) = crit6_56(j)+1; 
    if sum(aj(1:6)>0)<5 
        continue 
    end 
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    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(aj)>0)<5 
        continue 
    end      
end 
 
figure(3) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-15),crit6_46,'-',t(1:end-
15),crit6_56,'-') 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('d=4, 3/4', 'd=6, 4/6', 'd=6, 5/6');  
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
N = [8 9 11 12]; 
AA = zeros(length(v)-7,1); 
 
for k = 1:length(N) 
    for j = 1:length(v)-N(k)+1 
        p = polyfit(t(j:j+N(k)-1),v(j:j+N(k)-1),2); 
        AA(j,k) = p(1); 
    end 
end 
 
crit8 = zeros(length(AA)-4,1); 
for j = 1:length(crit8) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,1); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit8(j) = crit8(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
   
end 
 
crit9 = zeros(length(AA)-5,1); 
for j = 1:length(crit9) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,2); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
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    end  
    crit9(j) = crit9(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
   
end 
 
crit11 = zeros(length(AA)-7,1); 
for j = 1:length(crit11) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,3); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit11(j) = crit11(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
   
end 
 
crit12 = zeros(length(AA)-8,1); 
for j = 1:length(crit12) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit12(j) = crit12(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
   
end 
 
figure(4) 
hold on 
grid on  
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plot(t(1:end-11),crit8,t(1:end-12),crit9,t(1:end-13),crit4_34,t(1:end-
14),crit11,t(1:end-15),crit12) 
xlabel('Time (days)'); 
ylabel('Criterion'); 
legend('n=8', 'n=9','n=10','n=11','n=12');  
%ylim([0 4]); 
yticks([ 0 1 2 3 4]); 
 
% figure(5) 
% hold on 
% grid on 
% plot(t,v) 
 

 

Code 3: 

close all; clear; clc; 
 
% Load the data: 
[data] = readmatrix('Fig7.csv','NumHeaderLines',1); 
S = data(:,2); 
T = data(:,1);    
 
% Find the velocity and acceleration: 
dS = diff(S); 
dt = diff(T); 
t = cumsum(dt); 
v = dS./dt; 
ac = diff(v)./dt(2:end); 
 
% Find a parabolic fitting for each dataset 
A = zeros(length(v)-9,1); 
B = zeros(length(v)-9,1); 
C = zeros(length(v)-9,1); 
% Iterate through each i...i+9 points to obtain the constants for parabolic 
% fitting 
for j = 1:length(v)-9 
    p = polyfit(t(j:j+9),v(j:j+9),2); 
    A(j) = p(1); 
    B(j) = p(2); 
    C(j) = p(3); 
end 
 
% Find a power law fitting for each dataset: 
alpha = zeros(length(v)-9,1); 
beta = zeros(length(v)-9,1); 
for j = 1:length(v)-9 
    q = polyfit(log(t(j:j+9)),log(v(j:j+9)),1); 
    alpha(j) = exp(q(2)); 
    beta(j) = q(1); 
%     q = fit(t(j:j+9),v(j:j+9),'power1'); 
%     alpha(j) = q.a; 
%     beta(j) = q.b; 
end 
 
%Plot the data: 
figure(1) 
subplot (2,2,1) 
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f = 35; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #1');  
 
subplot (2,2,2) 
f = 40; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #2'); 
 
subplot (2,2,3) 
f = 52; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #3'); 
 
subplot (2,2,4) 
f = 60; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #4'); 
set(gcf,'position',[300,150,1000,800]) 
 
crit4_34 = 2*ones(length(A)-4,1); 
for j = 1:length(A)-4 
    vj = v(j:j+4); 
    aj = A(j:j+4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
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    crit4_34(j) = crit4_34(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit5_35 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit5_35(j) = crit5_35(j)+1; 
    if sum(aj(1:5)>0)<3 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit5_45 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit5_45(j) = crit5_45(j)+1; 
    if sum(aj(1:5)>0)<4 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end     
end 
 
figure(2) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-14),crit5_35,'-',t(1:end-
14),crit5_45,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
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legend('d=4, 3/4', 'd=5, 3/5', 'd=5, 4/5'); 
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
crit6_46 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit6_46(j) = crit6_46(j)+1; 
    if sum(aj(1:6)>0)<4 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end      
end 
 
crit6_56 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(vj)>0)<5 
        continue 
    end  
    crit6_56(j) = crit6_56(j)+1; 
    if sum(aj(1:6)>0)<5 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(aj)>0)<5 
        continue 
    end     
end 
 
figure(3) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-15),crit6_46,'-',t(1:end-
15),crit6_56,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('d=4, 3/4', 'd=6, 4/6', 'd=6, 5/6');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
N = [8 9 11 12]; 
AA = zeros(length(v)-7,1); 
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for k = 1:length(N) 
    for j = 1:length(v)-N(k)+1 
        p = polyfit(t(j:j+N(k)-1),v(j:j+N(k)-1),2); 
        AA(j,k) = p(1); 
    end 
end 
 
crit8 = 2*ones(length(AA)-4,1); 
for j = 1:length(crit8) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,1); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit8(j) = crit8(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit9 = 2*ones(length(AA)-5,1); 
for j = 1:length(crit9) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,2); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit9(j) = crit9(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit11 = 2*ones(length(AA)-7,1); 
for j = 1:length(crit11) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,3); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(vj)>0)<3 
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        continue 
    end  
    crit11(j) = crit11(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit12 = 2*ones(length(AA)-8,1); 
for j = 1:length(crit12) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit12(j) = crit12(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
figure(4) 
hold on 
grid on  
plot(t(1:end-11),crit8,t(1:end-12),crit9,t(1:end-13),crit4_34,t(1:end-
14),crit11,t(1:end-15),crit12) 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('n=8', 'n=9','n=10','n=11','n=12');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
figure(5) 
hold on 
grid on  
yyaxis left 
plot(T,S) 
ylabel('Displacement (mm)'); 
yyaxis right 
plot(T(3:end),ac) 
ylabel('Acceleration (mm/d^2)'); 
xlabel('Time (days)'); 
 
figure(6) 
hold on 
grid on 
S1 = S(2:end); 
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h = 
plot(t(crit4_34==2),S1(crit4_34==2),'o',t(crit4_34==3),S1(crit4_34==3),'o',t
(crit4_34==4),S1(crit4_34==4),'o',t(crit4_34==5),S1(crit4_34==5),'o'); 
h(4).Color = [0.4660 0.6740 0.1880]; 
legend('Stage 2','Stage 3', 'Stage 4','Stage 5');  
ylabel('Displacement (mm)'); 
xlabel('Time (days)'); 
 

Code 4: 

close all; clear; clc; 
 
% Load the data: 
[data] = readmatrix('Fig9.csv','NumHeaderLines',1); 
S = data(:,2); 
T = data(:,1);    
 
% Find the velocity and acceleration: 
dS = diff(S); 
dt = diff(T); 
t = cumsum(dt); 
v = dS./dt; 
ac = diff(v)./dt(2:end); 
 
% Find a parabolic fitting for each dataset 
A = zeros(length(v)-9,1); 
B = zeros(length(v)-9,1); 
C = zeros(length(v)-9,1); 
% Iterate through each i...i+9 points to obtain the constants for parabolic 
% fitting 
for j = 1:length(v)-9 
    p = polyfit(t(j:j+9),v(j:j+9),2); 
    A(j) = p(1); 
    B(j) = p(2); 
    C(j) = p(3); 
end 
 
% Find a power law fitting for each dataset: 
alpha = zeros(length(v)-9,1); 
beta = zeros(length(v)-9,1); 
for j = 1:length(v)-9 
    q = polyfit(log(t(j:j+9)),log(v(j:j+9)),1); 
    alpha(j) = exp(q(2)); 
    beta(j) = q(1); 
%     q = fit(t(j:j+9),v(j:j+9),'power1'); 
%     alpha(j) = q.a; 
%     beta(j) = q.b; 
end 
 
%Plot the data: 
figure(1) 
subplot (2,2,1) 
f = 35; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
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ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #1');  
 
subplot (2,2,2) 
f = 40; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #2'); 
 
subplot (2,2,3) 
f = 52; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #3'); 
 
subplot (2,2,4) 
f = 60; 
fplot(@(t) A(f)*t^2+B(f)*t+C(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
hold on 
grid on  
fplot(@(t) alpha(f)*t^beta(f),[t(f)-dt(1),t(f+9)+dt(1)]); 
plot(t(f:f+9),v(f:f+9),'o') 
xlabel('Time (days)'); 
ylabel('Displacement rate (mm/day)'); 
legend('Parabolic fitting','Power law fitting', 'Displacement rate data'); 
title('Dataset #4'); 
set(gcf,'position',[300,150,1000,800]) 
 
crit4_34 = 2*ones(length(A)-4,1); 
for j = 1:length(A)-4 
    vj = v(j:j+4); 
    aj = A(j:j+4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit4_34(j) = crit4_34(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit4_34(j) = crit4_34(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
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    end     
end 
 
crit5_35 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit5_35(j) = crit5_35(j)+1; 
    if sum(aj(1:5)>0)<3 
        continue 
    end 
    crit5_35(j) = crit5_35(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit5_45 = 2*ones(length(A)-5,1); 
for j = 1:length(A)-5 
    vj = v(j:j+5); 
    aj = A(j:j+5); 
    if sum(vj(1:5)>0)<5 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit5_45(j) = crit5_45(j)+1; 
    if sum(aj(1:5)>0)<4 
        continue 
    end 
    crit5_45(j) = crit5_45(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end     
end 
 
figure(2) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-14),crit5_35,'-',t(1:end-
14),crit5_45,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('d=4, 3/4', 'd=5, 3/5', 'd=5, 4/5'); 
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
crit6_46 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
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    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(vj)>0)<4 
        continue 
    end  
    crit6_46(j) = crit6_46(j)+1; 
    if sum(aj(1:6)>0)<4 
        continue 
    end 
    crit6_46(j) = crit6_46(j)+1; 
    if sum(diff(aj)>0)<4 
        continue 
    end      
end 
 
crit6_56 = 2*ones(length(A)-6,1); 
for j = 1:length(A)-6 
    vj = v(j:j+6); 
    aj = A(j:j+6); 
    if sum(vj(1:6)>0)<6 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(vj)>0)<5 
        continue 
    end  
    crit6_56(j) = crit6_56(j)+1; 
    if sum(aj(1:6)>0)<5 
        continue 
    end 
    crit6_56(j) = crit6_56(j)+1; 
    if sum(diff(aj)>0)<5 
        continue 
    end     
end 
 
figure(3) 
hold on 
grid on  
plot(t(1:end-13),crit4_34,'-',t(1:end-15),crit6_46,'-',t(1:end-
15),crit6_56,'-') 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('d=4, 3/4', 'd=6, 4/6', 'd=6, 5/6');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
 
N = [8 9 11 12]; 
AA = zeros(length(v)-7,1); 
 
for k = 1:length(N) 
    for j = 1:length(v)-N(k)+1 
        p = polyfit(t(j:j+N(k)-1),v(j:j+N(k)-1),2); 
        AA(j,k) = p(1); 
    end 
end 
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crit8 = 2*ones(length(AA)-4,1); 
for j = 1:length(crit8) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,1); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit8(j) = crit8(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit8(j) = crit8(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit9 = 2*ones(length(AA)-5,1); 
for j = 1:length(crit9) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,2); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit9(j) = crit9(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit9(j) = crit9(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
 
crit11 = 2*ones(length(AA)-7,1); 
for j = 1:length(crit11) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,3); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit11(j) = crit11(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit11(j) = crit11(j)+1; 
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    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
crit12 = 2*ones(length(AA)-8,1); 
for j = 1:length(crit12) 
    vj = v(j:j+4); 
    aj = AA(j:j+4,4); 
    if sum(vj(1:4)>0)<4 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(vj)>0)<3 
        continue 
    end  
    crit12(j) = crit12(j)+1; 
    if sum(aj(1:4)>0)<3 
        continue 
    end 
    crit12(j) = crit12(j)+1; 
    if sum(diff(aj)>0)<3 
        continue 
    end     
end 
Figure 
hold on 
grid on  
plot(t(1:end-11),crit8,t(1:end-12),crit9,t(1:end-13),crit4_34,t(1:end-
14),crit11,t(1:end-15),crit12) 
xlabel('Time (days)'); 
ylabel('Stage'); 
legend('n=8', 'n=9','n=10','n=11','n=12');  
%ylim([0 4]); 
yticks([ 2 3 4 5]); 
Figure 
hold on 
grid on  
yyaxis left 
plot(T,S) 
ylabel('Displacement (mm)'); 
yyaxis right 
plot(T(3:end),ac) 
ylabel('Acceleration (mm/d^2)'); 
xlabel('Time (days)'); 
Figure 
hold on 
grid on 
S1 = S(2:end); 
h = 
plot(t(crit4_34==2),S1(crit4_34==2),'o',t(crit4_34==3),S1(crit4_34==3),'o',t
(crit4_34==4),S1(crit4_34==4),'o',t(crit4_34==5),S1(crit4_34==5),'o'); 
h(4).Color = [0.4660 0.6740 0.1880]; 
legend('Stage 2','Stage 3', 'Stage 4','Stage 5');  
ylabel('Displacement (mm)'); 
xlabel('Time (days)'); 
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