Appendix-A

MATLAB CODE DEVELOPED FOR ALGORITHM NO. 1

b=input('Enter the order of the numerator equation:')
a=input('Enter the coefficient of numerator equation:')
c=input('Enter the order of denominator equation:')
d=input('Enter the coefficient of denominator equation:')
num1=a
den1=d
%************CACULATE THE ROOTS OF HIGHER ORDER SYSTEM***************
den=roots(den1)
k1=max(den)
k2=min(den)
%***********CALCULATE POLE CENTROID OF HIGHER ORDER SYSTEM***********
disp('**************POLE CENTROID OF HIGHER ORDER SYSTEM***********')
pc=mean(den)
%***********CALCULATE STIFFNESS OF HIGHER ORDER SYSTEM***********
disp('**************STIFFNESS OF HIGHER ORDER SYSTEM***********')
s=k2/k1
c1=input('Enter the order of lower order equation:')
p=c1
%*****************CALCULATE THE VALUE OF Q:**************
Q=0;
for i=1:(p-2)
    Q=Q+i
end

[Q]
%************DETERMINATION OF EIGEN SPECTRAL POINT OF LOS**************
A=[s*(p-1)+1 Q;(1-s) (1-p)]
B=[pc*p ;0]
C=[inv(A)*B]
np=C(1)-(C(2)*(p-1))
D=conv([1  -np],[1  -np-C(2)])
for i=1:(p-2)
    E=[1 -np-((i+1)*C(2))]
    D=conv(D,E)
End
%************DENOMINATOR OF LOS***************
den2=D
%**************CALCULATE THE VALUE OF e(0....i)*************
[q,r]=deconv(den1,den2)
%**************CALCULATE NUMBER OF ROWS& COLUMNS***********
[m,no]=size(num1)
%***************CHANGE ARRAY IN REVERSE ORDER***************
j=no;
for i=1:1:no
    if i>=j
        break
    else
        temp=num1(i);
        num2(i)=num1(j);
        num2(j)=temp;
        j=j-1;
    end
end
[num2]

if (p+1>no)

for i=(no+1):1:p+2

      num2(i)=0;

    end

end

[num2]

%*************CALCUTATE COLUMN OF  e(0.......i)***********

[m,n1]=size(q)

%*************CHANGE ARRAY IN REVERSE ORDER***************

j=n1;

for i=1:1:n1

    if i>=j

        break

    else

        temp=q(i);

        q(i)=q(j);

        q(j)=temp;

        j=j-1;

    end

end

[q]
if (p>n1)

for i=(n1+1):1:p+1

    q(i)=0;

    end

end

[q]
% ***************APPLY ROUTH RECURRENCE ALGORITHM FORMULA***********
v=0;
for  i=1:1:p;
        x(i)=num2(1)/q(1)
         for  j=1:1:p-v
           num2(j)=num2(j+1)-(x(i)*q(j+1));
       end
         v=v+1;
     end
     %**************CALCULATE COLUMN OF NUMERATOR OF LOS******************
    [m,n2]=size(x)
    %**************CHANGE ARRAY IN REVERSE ORDER***************
     j=n2;
for i=1:1:n2
    if i>=j
        break
    else
        temp=x(i);
        x(i)=x(j);
        x(j)=temp;
        j=j-1;
    end
end
[x]
disp('**************GIVEN HIGHER ORDER TRANSFER FUNCTION IS*******************')
sys1=tf(num1,den1)
disp('**************REDUCED ORDER TRANSFER FUNCTION IS*******************')
sys2=tf(x,den2)
t=0:0.001:8;
[y,x0,t]=step(x,den2,t);
[z,x0,t]=step(num1,den1,t);

% *********************PLOT THE STEP RESPONSE CURVE OF HIGHER ORDER AND LOWER ORDER TRANSFER FUNCTION******************

plot(t,y,'r',t,z,'k');

grid

title('step response');

xlabel('TIME(sec)');

ylabel('AMPLITUDE');

%******************CALCULATE THE VALUE OF RISE TIME, PEAK TIME, MAX. OVERSHOOT AND SETTLING TIME FOR HOS AND LOS*************************

r1=1;

while y(r1)<0.9;

    r1=r1+1;

end

disp('**************RISE TIME OF THE HIGHER ORDER SYSTEM IS****************')

rise_time1=(r1-1)*0.001

[ymax,tp1]=max(y);

disp('********************PEAK TIME OF THE  HIGHER ORDER SYSTEM************************')

peak_time1=(tp1-1)*0.001

disp('******************* MAX. OVERSHOOT OF THE HIGHER ORDER SYSTEM*****************')

max_overshoot1=ymax-1

s=1001;

while y(s)>0.98&y(s)<1.02;

    s=s-1;

end

disp('****************SETTLING TIME OF THE  HIGHER ORDER SYSTEM*****************')

    settling_time1=(s-1)*0.001

 disp('*****************RISE TIME OF THE REDUCED ORDER SYSTEM********************')  

    r2=1;

while z(r2)<0.9;

    r2=r2+1;

end

rise_time2=(r2-1)*0.001

[zmax,tp2]=max(z);

disp('*********************PEAK TIME OF THE REDUCED ORDER SYSTEM*********************')

peak_time2=(tp2-1)*0.001

disp('*********************MAX. OVERSHOOT OF THE REDUCED ORDER SYSTEM********************')  

max_overshoot2=zmax-1

s=1001;

while z(s)>0.98&z(s)<1.02;

    s=s-1;

end

disp('**************SETTLING TIME OF THE REDUCED ORDER SYSTEM******************') 

 settling_time2=(s-1)*0.001

%******************CALCULATE THE VALUE OF INTEGRAL SQUARE ERROR*************************

syms s t x w 

denn=conv([1 0],den1)

den1n=poly2sym(denn)

num1n=poly2sym(num1)

sr1=ilaplace(num1n/den1n)

syms s t x w

dena=conv([1 0],den2)

denb=poly2sym(dena)

numb=poly2sym(numr)

sr2=ilaplace(numb/denb)

sr3=((sr1-sr2)^2)

disp('**************INTEGRAL SQUARE ERROR OF THE REDUCED ORDER SYSTEM******************')   

syms s x w t alpha

ise_reduced order = int(sr3,0,inf)

%******************CALCULATE THE VALUE OF IMPULSE RESPONSE ENERGY *************************

syms s t x w

den2n=poly2sym(den2)

num2n=poly2sym (numr)

sr4=ilaplace(num2n/den2n)

disp('**************IMPULSE RESPONSE ENERGY OF THE REDUCED ORDER SYSTEM******************')  

syms s t w x alpha

ire​_reduced order = int((sr4^2),0,inf)
Appendix-B

MATLAB CODE DEVELOPED FOR ALGORITHM NO. 2
clc
clear

%--------------------------------------------
%PROJECT NAME
%--------------------------------------------

disp('PROJECT NAME : REDUCED ORDER MODELLING  USING :-')
disp(' ----> EIGEN SPECTRUM ANALYSIS & CAUER SECOND FORM')

%--------------------------------------------
%ENTER ORDER OF DENOMINATOR OF HIGH ORDERED SYSTEM (HOS)
%--------------------------------------------

nd=input('\nEnter order of denominator polynomial\n=')

%--------------------------------------------
%ENTER COEFFICIENT OF DENOMINATOR OF HOS
%--------------------------------------------

d=input('Enter coefficents of denominator polynomial\n=')

%--------------------------------------------
%ENTER ORDER OF LOWER ORDERED  SYSTEM (LOS)
%--------------------------------------------

p1=input('Enter required reduced order system\n=')

%--------------------------------------------
%ENTER ORDER OF NUMERATOR  OF HOS
%--------------------------------------------

nn=input('Enter order of numerator polynomial\n=')

%--------------------------------------------
%ENTER COEFFICIENT OF NUMERATOR OF HOS
%--------------------------------------------

d1=input('Enter coefficents of numerator polynomial\n=')
if nd==p1
    disp('******* HOS AND LOS IS *******')
    tf(d1,d)
    step(d1,d,'g')
else

%--------------------------------------------
%ROOTS OF DENOMINATOR POLYNOMINAL OF HOS
%--------------------------------------------

rr=roots(d);
rr=real(rr);

%--------------------------------------------
%QUANTIFICATION OF POLE CENTROID & STIFFNESS OF HOS
%--------------------------------------------

centroid=mean(rr);
stiffness=rr(nd)/rr(1);
q=((p1-2)*(p1-1))/2;
k=[stiffness*(p1-1)+1 q;(1-stiffness) (1-p1)];
b=[centroid*2;0];
xx=inv(k)*b;
clear c
for i=1:p1
    c(i)=xx(1)-(i-1)*xx(2);
end

%--------------------------------------------
% OBTAINED DENOMINATOR POLYNOMINAL OF LOS
%--------------------------------------------

pp=poly(c);
den=pp;
for i=1:(p1+1)
    s(i)=den((p1+1)-i+1);
end
for i=1:(nd+1)
    p(i)=d((nd+1)-i+1);
end
g(1,:)=p;
hhh=1;
clear q
t=s;

%--------------------------------------------
% OBTAINED HOS
%--------------------------------------------
disp('******* GIVEN HIGHER ORDERED SYSTEM (HOS) IS *******')
 sys1=tf(d1,d)
 t1=0:.001:10;
 [y1,x1,t1]=step(d1,d,t1);
 a1=max(y1);

 %--------------------------------------------
 % OBTAINED ZEROS, POLES & GAIN OF HOS 
 %--------------------------------------------

disp('******* ZEROS, POLES & GAIN OF HOS ARE *********')
 [ZHOS,PHOS,KHOS]=tf2zp(d1,d)

 %--------------------------------------------
 % FORMING OF ROUTH ARRAY  
 %--------------------------------------------

 for i=1:(nd)
    q(i)=d1((nd)-i+1);
end
q=[q 0];
g(2,:)=q;
while hhh<nd
    ww=hhh+1;
    for i=1:((nd+1)-(hhh+1))
       r(i)=(g(ww,1)*g(hhh,(i+1))-g(hhh,1)*g(ww,(i+1)))/g(ww,1);
           end
    ff=hhh+1;
    oo=0;
    while oo<ff
    r=[r 0 ];
    oo=oo+1;
    end
    rr=hhh+2;
    g(rr,:)=r;
    clear r
    hhh=hhh+1;
end 

%--------------------------------------------
% OBTAINED THE CAUER QUOTIENT
%--------------------------------------------

 for i=1:(p1+1);
    x(i)=((g(i,1))/g(i+1,1));
 end   

%--------------------------------------------
% EVALUATATION OF CAUER SECOND FORM COEFFICIENT
%--------------------------------------------

 for i=1:(p1+1)
    t(i+1,1)=t(i,1)/x(i);
end
j=1;
for j=1:(p1-1)
    for i=1:(p1-j)
        t(i+1,j+1)=(t(i,j+1)-t(i+2,j))/x(i);
        i=i+1;
    end
    j=j+1;
end
op=t(2,:);
den;

%--------------------------------------------
% NUMERATOR TERMS OF LOS
%--------------------------------------------

for i=1:(p1+1)
    num(i)=op(((p1+1)-i)+1);
end

%--------------------------------------------
% OBTAINED LOS
%--------------------------------------------

disp('********** LOWER ORDERED SYSTEM IS ***********')

%--------------------------------------------
% T.F. OF LOS
%--------------------------------------------

sys2=tf(num,den)

%--------------------------------------------
% STEP TIME FOR LOS
%--------------------------------------------

t2=0:.001:10;
[y2,x2,t2]=step(num,den,t2);

%--------------------------------------------
% OBTAINED MAXIMUM VALUE OF OUTPUT RESPONSE OF LOS
%--------------------------------------------

 a2=max(y2);

%--------------------------------------------
% OBTAINED ZEROS , POLES & GAIN OF THE LOS
%--------------------------------------------

 disp('******* ZEROS, POLES & GAIN OF LOS ARE *********')
  [ZLOS,PLOS,KLOS]=tf2zp(num,den)
end

%--------------------------------------------
% CALCULATATION OF TIME SPECIFICATION OF HOS
%--------------------------------------------

disp('******* TIME SPECIFICATION OF HOS IS ********')
if a1<.9
    disp('SYSTEM IS OVER DAMPED')
elseif a1>=.9 &a1<=.98
        i=1;
while y1(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME        
%--------------------------------------------

Rise_Time1=(i-1)*0.001   
elseif a1>=.98 &a1<=1
        i=1;
while y1(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME  
%--------------------------------------------

Rise_Time1=(i-1)*0.001
i=10001;
while y1(i)<1.02&y1(i)>.98;
        i=i-1;
        end;

%--------------------------------------------
% CALCULATATION OF SETTLING TIME          
%--------------------------------------------
Settling_Time1=(i-1)*.001
else
i=1;
while y1(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME  
%--------------------------------------------

Rise_Time1=(i-1)*0.001

%--------------------------------------------
% OBTAINED MAXIMUM VALUE OF OUTPUT RESPONSE OF HOS  
%--------------------------------------------

[ymax1,tp1]=max(y1);

%--------------------------------------------
% CALCULATATION OF PEAK TIME  
%--------------------------------------------

Peak_Time1=(tp1-1)*0.001

%--------------------------------------------
% CALCULATATION OF MAXIMUM OVER SHOOT  
%--------------------------------------------

Max_Overshoot1=ymax1-1
i=10001;
while y1(i)<1.02&y1(i)>.98;
        i=i-1;
        end;

%--------------------------------------------
% CALCULATATION OF SETTLING TIME          
%--------------------------------------------

Settling_Time1=(i-1)*.001
     end;

%--------------------------------------------   
% CALCULATATION OF TIME SPECIFICATION OF lOS
%--------------------------------------------

disp('******** TIME SPECIFICATION OF LOS IS **********')
if a2<.9
    disp('SYSTEM IS OVER DAMPED')
elseif a2>=.9 &a2<=.98
        i=1;
while y2(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME
%--------------------------------------------

Rise_Time2=(i-1)*0.001    
elseif a2>=.98 &a2<=1
        i=1;
while y2(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME
%--------------------------------------------

rise_time2=(i-1)*0.001
i=10001;
while y2(i)<1.02&y2(i)>.98;
        i=i-1;
        end;

%--------------------------------------------
% CALCULATATION OF SETTLING TIME
%--------------------------------------------

Settling_Time2=(i-1)*.001
else
i=1;
while y2(i)<=0.9;
        i=i+1;
        end;

%--------------------------------------------
% CALCULATATION OF RISE TIME
%--------------------------------------------

Rise_Time2=(i-1)*0.001

%--------------------------------------------
% OBTAINED MAXIMUM VALUE OF OUTPUT RESPONSE OF LOS
%--------------------------------------------

[ymax2,tp2]=max(y2);

%--------------------------------------------
% CALCULATATION OF PEAK TIME  
%--------------------------------------------

Peak_Time2=(tp2-1)*0.001

%--------------------------------------------
% CALCULATATION OF MAXIMUM OVER SHOOT 
%--------------------------------------------

Max_Overshoot2=ymax2-1
i=10001;
while y2(i)<1.02&y2(i)>.98;
        i=i-1;
        end;

%--------------------------------------------
% CALCULATATION OF SETTLING TIME       
%--------------------------------------------

Settling_Time2=(i-1)*.001
     end;

%--------------------------------------------
% CALCULATION OF INVERSE LAPLACE OF HOS
%--------------------------------------------

syms s t w x y
dnew=conv([1 0 ],d);
num_orig=poly2sym(d1);
den_orig=poly2sym(dnew);
y_orig=ilaplace(num_orig/den_orig);

%--------------------------------------------
% CALCULATION OF INVERSE LAPLACE OF LOS
%--------------------------------------------

dennew=conv([1 0 ],den);
num_red=poly2sym(num);
den_red=poly2sym(dennew);
y_red=ilaplace(num_red/den_red);

%--------------------------------------------
% CALCULATATION OF INTEGRAL SQUARE ERROR
%--------------------------------------------

yfinal=y_orig-y_red;
y_final=yfinal^2;
syms x x1 alpha u t;
disp('******* INTEGRAL SQUARE ERROR *********')
ISE_ERROR=int(y_final,0,inf)

%--------------------------------------------
% CALCULATATION OF IMPULSE RESPONSE ENERGY  OF HOS
%--------------------------------------------
den21_orig=poly2sym(d);
d1_orig=poly2sym(d1);
y21_orig=ilaplace(d1_orig/den21_orig);
y21_final=y21_orig^2;
disp('**** IMPULSE RESPONSE ENERGY  OF HOS ********')
IRE_ERROR=int(y21_final,0,inf)

%--------------------------------------------
% CALCULATATION OF IMPULSE RESPONSE ENERGY  OF LOS
%--------------------------------------------

den11_red=poly2sym(den);
y11_red=ilaplace(num_red/den11_red);
y11_final=y11_red^2;
disp('***** IMPULSE RESPONSE ENERGY  OF LOS ********')
IRE_ERROR=int(y11_final,0,inf)

%--------------------------------------------
% GRAPHICAL REPRESENTATION OF HOS & LOS 
%--------------------------------------------

ltiview({'step';'pzmap'},sys1,'r',sys2,'b')
disp('*** PROJECT WAS COMPLETED UNDER THE GUIDANCE OF---------> Mrs. RAJNI JINDAL*** ')
disp('**************** THANK YOU ***********************')
Appendix-C

SIMULINK MODELS FOR CALCULATION OF ISE & IRE
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