® o . e B e - QF
GNDUDTNENAN  MITSOUANIAISRITH

i O

MARANBUTUSU Lz U

Model Reduction in Linear System

TUBDAN

PU L2 aTl "

Tae
~ =y T ar 7%
HILNUIANIA ANAINU
MANAM HAGE
A e cnieeinneenenerssessnane
. un';n':].!f N ’"1;;/'[,;
o/ IO | o (e LJTY i
‘3%, &f'.:/' ;.%3 b"”““““mrﬁ;‘ A ieriaseissanissnissssoesvves

a J

P yatnusiiduaumisvesmsinmmundngasd3uaimnssumanstiada
MUNIVININTTUIZVUAILNN
7 ~ Y Y 0%
aoumalulag Wz 01N AUINUNMITAIANTLL

Unsanur 2543



AMIRANDUDUSD TU 3= U Gy

Model Reduction in Linear System

Tag
~ a d v d
WD ITANIF ANASAY 40010080
WIUANAUT Saun3 40010772
da (=
219158n13n

w

a g = a
se. Ius  Usvrndiy

=Y

a a ¢ ; L% =
ByginusiidumumisvesmsanmamundngasiSyanimnssumansi

Y]

MUNIYIAINTIHIZVUNILAN
amDumalulag NIz 0N AUNNUNKITAIANTZITS

Unisfnwu 2543



U yantinus msfny 2543

MATNIAINITUTZUUAILIAY

anzdmnssumans amiuma luTadnszsomnduimammsaanse s
Fo9  msaanousuduluszums ad

MODEL REDUCTION IN LINEAR SYSTEM
Fl )
Avari

1. wedesansd  nuasayl 40010080

2. wednau Faues 40010772

...... T A 2191560US HEn



UNAate

s a O d" o A 9/ o da

Pganiinusatvil Ihineusit msahanudasszuuaaneu laslszgnads
MIYTTUIUAIBINUA (Padé Approximation) HAZIEMILsLUIUANBSTE (Routh

Approximation) 11w I uunSassszuuaaneuiinarouaussvesewiyn Indifieaiy

] s
suuduiuuRuaiige saisdinsinuianuemaaissnmeesszuuer 138

THESIS Mode! Reduction in Lingar System
STUDENT Mr. Kiattipong Kamonrat 40010080

Mr. Sakdina  Rattanasri 40010772
THE THESIS ADVISOR Assoc. Prof. Vipan Prijapanij
ACADEMIC 2000

ABSTRACT

This thesis presents a method to construct a reduced model reduction by Padé
Approximation and Routh Approximation techniques that make time response of the reduced
model very close to time response of the prototype system and still retains system stability in the

sense that the model is stable if the system is stable.
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4 E
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FaiuanuuIanuAavemgyinlsziua el szmudl dusiiirunsves
J o U 2~ a o [ Pa 4

flafdudeTou Felizduvuauaunisd 3.11 udadanisldedlugdnvuannsi 3.11 e
A o o o A Y ¥ ° Y R/ o "o a Sy
donsusuduiozas Blunuudiassszuuaaneu udnsinnamadudszdnslda on

YAAUNITN 3.5



10

Y
1 a o J
saufiiunnanudadieziiinlddssandldlunseeniuy szuvaaneululamuves

A o v 9 uaddydcvdsl 1 < Y1 A o 1 a
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9 ndgl A v awv 1 1 9 = 9! ~ 9 2 v o~
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T
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Cm+2 Cnx+] Cm ('2 1 Cl
CuRNEn @Y Lmn T Cs 10 | Cg

2 k-1 _ k-1 k ok
|1 -5, s o (=D _LbH_ |(-1)" s, |

.(3.17)



11

° a J ¢ oye . .
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Approximation)
9 13 ad o o o - v aw A 9 ad
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&£ ac ' [ 431 h Jd A Jd @ tdy =
CIN'J‘ﬁﬂ151_]53J1ﬂ!ﬂ1®§‘1Uuwu;§1uﬂl'€]\uﬂmcﬂlﬁﬂﬂiﬂ’lW"Uf‘J\i!ﬁW PNU
[ Y] o A v @ ° o d o
?I‘VI@'Hl'lﬁl!!uzu’n%ﬂﬁ'ﬁﬂﬂ@u@uﬂﬂﬂl@\‘l!!ﬂﬂﬂ'lﬂ@\ﬁzﬂllﬁﬂﬂ'ﬂuﬁj'}ﬂﬂWiﬂWﬁu@W\iﬂ‘]ﬂl
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G ' SR | H4 q
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0 1 WA
[ ak r o [ O Y Y ° J v U N
9an0353 (Algorithm) Yo4dNAMTHAUAWNIAIINNINTUI e Tou G('s)
2 1.1 .
N P ixeren) ..(3.19)
B
- TETRNT i P AS TR AL QN .
BIEHE g1 o CHEBRIRRE (3.20)
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J o 1 = 1 1 i @ U
Wandunielou G(s) nyzowesnidlunasinuazraguvsusyaIuaelfinIfanstiaG1e
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N N &TS_
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@D YTNNVRUI N (FEUVIIADITHU VBTN TaAnADA (Asmplotical Stability) SR a;, >0
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| SEESaTEns &S

SR
+[—1 J[m...ﬂ]
@, S

ganavanazdnaguilesndunieTouduaun k
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uda 1 madaunasdiunduas 1§
k-1 k-2
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R(s)="t_-—-2 & (3.23)
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bys" +bs* T +...+b,
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a @ iy o 3
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1 (Routh Stability Criterion and Padé Approximation)
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MANUIN

Tsunsu MATLAB ﬁﬂ%ﬂﬂ1§%lﬂ51$ﬁ‘i$ﬂﬂaﬂﬂﬂﬂ

W1 msdssanamaesnua

%RMPADE Compute Reduced Model using Pade' Approximation Techniques

%
%
%
%
%
%
%
%
%
%
%
%

%

Y

Y%
%
%

%

%

to replace such a high-order system by a lower-order system.

(a,b,pole] = rmpade(P,Q,r) computes numerator coefficients (a),

denominator coefficients (b) and poles of reduced model.

This method combines the desirable features of the Pade' Approximation
methods and the modal methods. This method based on the concept of
Pade' Approximationabout more than one point. The reduced model is
constrained to retain the dominant poles or any other desirable poles

of the system. It is also constrained to have the same initial time-moments

as the systemn.
where
P =numcrator of i/p system

Q = denominator of i/p system

= order of reduced model

See also rmrouth , rmrpadel , rmrpade2 , rmimpulse

Author(s): Kiattipong Kamonrat, 40010080, 13-12-2000, 2:52 PM

function [a,b,pole]=rmpade(P,Q.r)
sys=tf(P,Q);

if ~isproper(sys)
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error_data="32 ULROUMTANYIDUTZULABINAIANINAN IR I
OKmessage(error_data,\iadsfanaavmzalszuiaima):
error('Not available for improper systems.');

end

if isthand(Q)
error_data='7 UUADUNIAANDUTZUUADITED 050"
OKmessage(error_data,1NAY0AaWa 1AM 5200 H0"):
error('This high-order system is Unstable');

end

=length(P);
n=length(Q);

C=powerseries(P,Q)

c=-C(1,1:1);
fori=l
for j=1:r
cl(ij)=C(r+i-j+1);
end
end
b=inv(cl)*c;
for i=l:r
for j=1:r
if i-j+1>=1
c2(ij)=C(i-j+1);
else
c2(i,j)=0;

end
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end
end
a=c2*¥b;
b(r+1,1)=1;
a=fliplr(a');
b=fliplr(b');

pole=roots(b);

if isrhand(b)
error_data=3¥vunaImsaanauszuy luiliedosniw:
OKmessage{error_data, ANAsU");
warning('Reduced Model is Unstable');

end

% Create power series function
function C=powerseries(P,Q)
m=length(P);
n=length(Q);
D=flipir(P);
E=fliplr(Q);
fori=lin-m
D(i+m)=0;

end

C)=DOYE(D);
for i=2:n-1
k=0;
x=0;
for j=1:-1:2
k=k+1;



x=x+E(j)*C(k};
end
C()=[D()-x)/E(1);

end

for i=n:2*(n-1)
k=i-n+1;
x=C(k);
for j=2:n-1
k=k+1;
x=x+E()*C(i-j+1);
end
C(D=-x/E(1);

end
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%RMROUTH Compute Reduced Model using Routh Stability Criterion Techniques

%
%
%
%

%

%

O()

%
%
%
%

0,
0

()0

0,
/0

to replace such a high-order system by a lower-order system.

{a,b,pole] = rmrouth(P,Q,r) computes numerator coefficients (a),

denominator coefficients (b) and poles of reduced model.

This method is based on the Routh Stability Criterion. The reduced order
transfer function is determinded directly from elements in the Routh

stability array of the high-order numerator and denominator.
where

P = numerator of i/p system

Q = denominator of i/p system

r = order of reduced model

See also rmpade , rmrpadel , rmrpade2 , rmimpulse

Author(s): Kiattiporg Kamonrat, 40010680, 14-12-2000, 9:53 AM

function [a,b,pole]=rmrouth(P,Q.r)

m=length(P);
n=length(Q);

p=ceil{mn/2);

g=ceil(r/2);

sys=tf(P,Q);

if ~isproper(sys)

crror_data='3¢ LUADUN 1T ANNDUITT BUAD A NAHIINN IR d L
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OKmessage(error_data, 14 o AANAIAYMIZUSZUI0INA):
error('Not available for improper systems.");

end

if isthand(Q)
error_data='3¥ UUABUMIAANBUTZULUABIIE D85 A W
OKmessage(error_data, INA9oAANAIAYMZ T2 uIBNAY):
error('This high-order system is Unstable');

end

A=flipud(table(P));
B=flipud(table(Q));

s=ceil(1/2);
for i=1:s
a(2*i-1)=A(r,1);
if ~((i==s) & (A(r-1,5)==0))
a(2*)=A(r-1.i);
end
end -
s=ceil((r+1)/2);
for i=1:s
b(2*i-1)=B(r+1,i);
if ~((i==s) & (B(r,5)==0))
b(2*1;=58{r,i);
end
end
a=a./b(1);
b=b./b(1);

pole=roots(b);
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%o Create Routh's table function
function A=table(P)
m=length(P);

p=ceil(m/2);

A=zeros(m,p);

for i=1:p
A(LD=P(2*i-1);
if 2*i>m
A(2,i)=0;
else
A(2,1)=P(2*i);
end

end

for i=3:m-1
for j=1:ceil({(m-i+1)/2)
A(i,j):[A(i~l,1)*A(i~2J+l)-A(i-Z,I)*A(i-I,j+l)]/A(i~l,l);
if A(3,1)==0
(v Y] '8 Y o d a 1 v & [ E
error_data="" 313 lusedminsnvesmnudfifiusudifameniug lignnseld
9 At W oIy Y
MIBBOUVUAIIFISS b
OKmessage(error_data,\indoranainvmzszuiamm);

error('The first colunm of Routh s table is zero.");

A(m, D={A(m-1,1)*A(m-2,2)-A(m-2,1)*A(m=1,2)/A(m-1 D
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7%RMRPADE! Compute Reduced Model using Routh Stability Criterion and

%
%
%
%

%

Pade' Approximation Techniques to replace such a high-order system

by a lower-order system.

This method for the reduction in order of high-order system have been

o proposed, based on expanding the system transfer function G(s) into

% a continued fraction and truncating it to get the denominator coefficient
% of reduced-order transfer function R(s) and concept of Pade' approximation
% to get the numerator of reduced-order transfer function R(s).(Y.Shamash)
%

% [a,b,pole] = rmrpadel(P,Q,r) computes numerator coefficients (a),

% denominator coefficients (b) and poles of reduced model.

%

% where

% P =numerator of i/p system

% Q= denominator of i/p system

% 1= order of reduced model

%

% See also rmpade , rmrouth , rmrpade? , rmimpulse

% Author(s): Kiattipong Kamonrat, 40010080, 14-12-2000, 10:45 AM
function [a,b,pole]=rmrpadel(P,Q.r)

sys=tf(P,Q);

if ~isproper(sys)

error_data='3g UUABUMIAANOUITTVDABILA uAMINAN TIEd"

OKmessage(error_data, NadoRanatnumzseuimmm):

error('Not available for improper systems.");
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end

if isthand(Q)

' ! v = a
error_data="I$UHNDUNTAANDUISVUADIULED YININ';
OKmessage(error_data, IfiatafanaInuneUseuinma):;
error('This high-order system is Unstable');

end

m=length(P);
n=length(Q);

g=ceil(n/2);
D=fliplr(P);
E=fliplr(Q);

F=zeros(1,q);
=zeros(1,q);
for i=1:n
if rem(i,2)
F((i+1)/2)=E();
else
G(i/2)=E(i);
end
end
for i=1:q

alpha(i)=F(1)/G(1);

for j=1:q
F(j)=F(j)-alpha(i)*G(j);
end

[F,Gl=swap(F.G);



G=G(1,2:q);
G(q)=0;
end
alpha
x2=[10];
y2=alpha(r);
for i=r-1:-1:1
x1=alpha(i);
yl=[1 0},
[y2,x2}=pluspoly(x1,y1,x2,y2);
end

[b.al=pluspoly(1,1,x2,y2);

for i=1:n-m
D(i+m)=0;
end
for i=1:n-1
for j=1:n-1
if i-j+1>=1
e(i))=E(i-j+1);
else
e(i)=0;
end
end
end
d=D(1,1:n-1);
C=(inv(e)*d)";
fori=1:r
for j=1:r

iti-j+1>=1



c2(ij)=C(i~j+1);
else
c2(i,j)=0;
end
end
end
bb=fliplr(b(1,2:r+1))’;
a=fliplr((c2*bb)");
pole=roots(b);

% Swap function
function [A,B}=swap(a,b)
A=b;

B=g;

% Plus two polynomials function
function [A,B]=pluspoly(C,D,E,F)
B=conv(D,F);

Al=conv(C,F);

- A2=conv(D,E);

al=length(Al);
=length(A2);
ifal>a2
A2=fliplr(A2);
for i=1:al-a2
A2(a2+i)=0;
end
A2=fliplr(A2);
else

Al=fliplr(Al);
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for i=1:a2-al
Al(al+i)=0;
end
Al=fliplr(Al);
end

A=A1+A2;
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%RMRPADE?2 Compute Reduced Model using Routh Stability Criterion and

Yo
%
%
%o
Yo
%
%
%
%
%
%
%
%
%
%
%
%
%

%

%

Pade' Approximation Techniques to replace such a high-order system

by a lower-order system.

This method is an improviment over previous Routh-Pade’ methods since
the denominator polynomial of the model transfer function, even if

based on the elements of a Routh array, contrains two free parameters.

A systematic procedure is illustrated for evaluating, besides the numerator
coefficients, such denominator parameters in order to ensure a good fit,

in the Pade' sense, and a suitable stability margin.

fa,b,pole] = rmrpade2(P,Q,r) computes numerator coefficients (a),

denominator coefficients (b) and poles of reduced model.
where

P = numerator of i/p system

Q = denominator of i/p system

r = order of reduced model

See also rmpade , rmrouth , rmrpadel , rmimpulse

Author(s): Kiattipong Kamonrat, 40010080, 16-12-2000, 2:04 PM

function [a,b,pole}=rmrpade2(P,Q,r)
m=length(P);

n=length(Q);

p=ceil(m/2);

g=ceil(n/2);
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sys=tf(P,Q);

if ~isproper(sys)
error_data="32 ULINOUAIIAANDUITLUUABINANAYLIANTIAIE I
OKmessage(error_data, INATDRANAIAY ML UTZ U HA'):
error('Not available for improper systems.");

end

if isthand(Q)
error_data='3¥ UUAOUNITAANDUTLUUABI D ET AN’
OKmessage( error_data,'&ﬁﬂ‘i’ll DRANIAVIIZ /TN #a');
error('This high-order system is Unstable');

end

C=powerseries(P,Q);

B=flipud(table(Q));
B=B(lr+1,:);

for i=1:r+1
k=i;
for j=1:ceil(i/2)
A(L,k)=B(i,);
k=k-2;
end
end

A=A /A(r+1,r+1);

for i=1:r+1

if rem(r-i,2)
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alpha(i,1)=A(r+1,i);

alpha(i,2)=A(r-1,i);
else

alphal(i,2)=A(r,1);
end

end

E=zeros(2,1);

for i=l:r+1
E(1,1)=E(1,1)+alpha(i,1)*C(r-i+2);
E(2,1)=E(2,D+alpha(i,1)*C(r-i+3);

end

E=E

D=zeros(2);

for i=1:2:r+1
D(1,1)=D(1,1)+alpha(i.2)*C(r-i+2);
D(1,2)=D(1,2)+alpha(i,2)*C(r-i+3);

end

for i=2:2:r+1
D(2,1)=D(2,1) -alpha(3,2)*C(:-i+2),
D(2,2)=D(2,2)+alpha(i,2)*C(r-i+3);

end

D

i ~det(D)
error_data="Matrix is singula a5 amIaA1 k 18
OKmessage(error_data,\NndoRanaiavauz sz uinma);
error('Matrix is singular to working precision.”);

end



K=inv(D")*E;

if K(1,1)<-1[K(2,1)<0
K=outside(D,E,1);

end

K

for i=1:2:r+1
alpha(i,2)=alpha(i,2)*K(1,1);

end

for i=2:2:r+1
alpha(i,2)=alpha(i,2)*K(2,1);

end_

for i=1:r+1
b(i)=alpha(i,1)+alpha(i,2);
end
b=b./b(r+1);
fori=tr
for j=1r
if i-j+1>=1
c2(ij)=C(i-j+1);
else
c2(1,))=0;
end
end
end
b=(b(1:1))';
a=c2*b;
b(r+1,1)=1;
a=fliplr(a);
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b=fliplr(b');
pole=roots(b);

% Create Routh's table function
function A=table(P)
m=length(P);

p=ceil(m/2);

=zeros(m,p);

for i=1:p
A(1,i)=P(2*i-1);
if 2*i>m
A(2,1)=0;
else
A(2,)=P(2*);
end

end

for i=3:m-1
for j=1:ceil{(m-i+1)/2)
AGJ=[AG-1,D)*AG-2,5+1)-AG-2, D*AG-1,j+DVAG-1L,1);
if AGLL)==0
error_data='#2113 lupedminsnvssmsiudiiduguiinameiud Lisunsald
N5RONLLUA83F 1575 14"
OKuuessage(error_data, NATBAANAIAYNLLT2UINNA);
error("The first colunm of Routh s table is zero.");
end
end

end
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A{m,D=[A(m-1,1)*A(m-2,2)-A(m-2,1)*A(m-1,2))/A(m-1,1);

% Create power series function
function C=powerseries(P,Q)
m=length(P);
n=length(Q);

=flipIr(P);

=fliplr(Q);
for i=l:n-m

D(i+m)=0;

end

C(D=DQ)/E(1);
fori=2:n-1
k=0;
=0;
for j=i:-1:2
k=k+1;
x=x+E({)*C(k);
>nd
CH=[DE-xJE(1);

end

for i=n:2*(n-1)
k=i-n+1;
x=C(k);
for j=2:n-1
k=k+1;
x=x+E()*C(i-j+1);

end



C@E)=-x/E(1);

end

% Find the new K if the old K outside the stability region.
function K=outside(d,e,M)
k=zeros(2,1);
for i=1:2
[num,den]=pluspoly({d(i,1) 01,1,d(i,2)*M,[1 1]);
den=[0 den*e(i)];
num=num-den;
r=roots{numy);
for j=1:2
ifr(G)>-1 & r(§)>k(4,1)
k(i,1)=r(j);
end
end

end

K(1,1)=max(k);
K(2,1)=M/(1+K(1,1));
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%RMIMPULSE Compute Reduced Model using Impulse Energy Approximation
% to replace such a high-order system by a lower-order system.

%

% This method is given for linear system reduction which is a more

% general form of the Routh method. The reduced models retain stability,
% and a fuller contribution is made to the impulse response energy

% of the reduced system by appropriate selection of retained alpha and

% beta parameters. It require no more computation than the Routh method
% andcan presented in a compact tabular form.

%

% [a,b,pole] = rmimpulse(P,Q,r) computes numerator cocfficients (a),

% denominator coefficients (b) and poles of reduced model.

% where
% P = numerator of i/p system
% Q= denominator of i/p system

%  r = order of reduced model

% See also rmpade , rmrouth , rmrpadel , rmrpade2
% Author(s): Kiattipong Kamonrat, 40010080, 18-12-2000, 3:57 PM

function [a,b,pole]=rmimpulse(P,Q,r)

sys=tf(P,Q);

if ~isproper(sys)
error_data="32 UUABUNTAANDUILVUABINAUANYINANEIT I
OKmessage(error_data, 1finUDRANA 1AL 52 UINNE):
error('Not available for iimproper systems.');

end
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if isthand(Q)
error_data='5¥ LUNOUMIAANBUIZUUADI D oW,
OKmessage(error_data,'\An4 o AANAIAUML LI5S N0IHA):
error('This high-order system is Unstable');

end

m=length(P);
n=length(Q);
D=tliplr(P);
E=flipIr(Q);
B=zeros(2*(n-1),n+1);
A=B;
[p.gl=size(B);
fori=1:n
B(1,D)=E();
end
for i=1:m
A(1,)=D(i);

end

for i=2:2*(n-1)
if rem(i,2)
for j=1:n-1
B(i,j)=(B(i-1,1)*B(i-2,j+1)-B(i-1,j+1)*B(i-2,1))/B(i-1,1);
AGG=(AG-1,1)*AG-2j+1)-AG-1,j+1D)*AG-2,1))/AG-1,1);
end
else
for j=1:2:n
B(ij)=B(-1,j+1);
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A(1L)=B(i,);
end
end
end
A
B
for i=1:n-1
alpha(i)=B(2*i-1,1)/B(2*i,1);
beta(D)=A(2*i-1,1)/A(2%,1);
end
alpha
beta
I=beta.”2./alpha
z=zeros(1,q);
B=[zB(p-2*(r-1):p,’)];
B(1,1)=alpha(1)*B(2,1);
A=[ZA(p-2*(r-1):p,2)];
A(1,1)=beta(1)*A(2,1);
for i=2:q
B(LD=[B(3,i-1)*B(2,)+B(1,1)*B(2,)/B(2,1): -
ALD=[AGD*AQH+ALD*ARDI/AQR,1):
end
A
B
a=A(l,r:-1.1);
b=B(1,r+1:-1:1);

pole=roots(b);
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%TIMESPEC Compute the time domain performance specification
% of the system step response.

%

% [Tdelay,Trise,Tpeak,Mp,Tset] = timespec(a,b) computes

% delay time , rise time , peak time , percent maximum

% overshoot and setting time of the numerator and denominator
% coefficients of the close-loop transfer function.

%

% where

%  a=numerator of i/p system

% b= denominator of i/p system

%

% Author(s): Kiattipong Karhonrat, 40010080, 19-12-2000, 1:07 PM

function [Tdelay, Trise, Tpeak,Mp, Tset]=timespec(a,b)
dateStr=datestr{(now);

Title=sprintf{"\n\t\t Transient response speciiications :");
disp(Title);

[Y X, T]=step(a,b);

Yend=Y{end);

Tend=T(end);

[Y,X,T}=step(a,b,0:0.005:Tend);

% Delay rime (Td)
Ydelay=Yend*50/100;
indexDelay=find(Y<=Ydelay);
Ydelayl=Y(indexDelay(end));
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Ydelayh=Y(indexDelay(end)+1);
Tdelayl=T(indexDelay(end));
Tdelayh=T{indexDelay(end)+1);

Tdelay=interpolate('Y del ay,Y delayl,Ydelayh, Tdelayl, Tdelayh);

TdelayStr=sprintf("\n\t1.) Delay time\t\t= %f sccs', Tdelay);
YdelayStr=sprintf("\t Amplitude of delay time\t= %f",Ydelay);
disp(TdelayStr);

disp(YdelayStr);

% Rise time (Tr)
Y 10=Yend*10/100;
Y 90=Yend*90/100;
index10=find(Y<=Y10);
Y101=Y(index 10(end));
Y 10h=Y (index10(end)+1);
T101=T(index10(end));
T10h=T(index10(end)+1);
T10=interpolate(Y 10,Y 101,Y 10h, T101,T10h):
index90=find(Y<=Y90);
i=1;
while i==index90(i)

1=i+1;

if i>size(index90)

bieak;

end
end
Y90I=Y (index90(i-1));
Y90h=Y (index90(i- 1)+1);
T90I=T(index90(i-1));
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T90h=T(index90(i-1) +1);
T90=interpolate(Y90,Y901,Y90h,T901, T90h);
Trise=T90-T10;

TriseStr=sprintf{(\n\t2.) Rise time\t\t= %f secs', Trise);
disp(TriseStr);

% Peak time (Tp)
[Ypeak,index]=max(Y);
Mp=100*(Y peak-Yend)/Yend,
if (Y peak~=Yend)&(Mp>0)
Tpeak=T(index);

TpeakStr=sprintf("\n\t3.) Peak time\t\t= %f secs', Tpeak);
YpeakStr=sprintf(\t ~Amplitude of peak time\t=%f,Ypeak);
disp(TpeakStr);
disp( YpeakStr);
else

Tpeak=0;

Peak Str=sprintf("\n\t3.) Nu Peak time.");

disp(PeakStr);

end

% Maximum percent overshoot

if (Tpeak~=0)&{(Mp>0j
MpStr=sprintf("\n\t4.) Maximum percent overshoot = %f ,Mp);
disp(MpStr);

else
MpStr=sprintf("\n\t4,) No Maximum percent overshoot."):
disp(MpStr);
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end

% Setting timr (Ts)
TT=Alipl(T);
Y Y=flipud(Y);
Y2p=Yend*102/100;
Y2n=Yend*98/100;
indexSet=find((YY<=Y2p)&(YY>=Y2n)):
i=1;
while i==indexSet(i)

=itl;

if i>size(indexSet)

break;

end
end
indexS=indexSet(i-1);
YY(indexS);
Tset=TT(indexS);

TsetStr=sprintf{"\n\t3.) Setting dme\t\t= %f secs', Tset);

disp(TsetStr);

% Plot transient response

piot(T,Y, LineWidth',1.4);

Xlimit=get(gca, Xlim');

Ylimit=get(gca, Ylim');

line(Xlimit,[Yend Yend],'Color','k', LineWidth',0.5, LineStyle',":");

title("Transient response’);
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xlabel('Time (sec)');

ylabel(' Amplitude');

if ~findobj('Type', figure")
name=strcat('Transient response (', dateStr,)');
set(gcf, Name',name, NumberTitle','off");

end

% Plot rise time {Tr)
line({ Tdelay Tdelay],Ylimit,‘Color','r’,'LineWidth',O.5,'LineStyle',‘:');
line(Xlimit,{ Ydelay Ydelay},’Color‘,‘r‘,'LineWidth’,O.5,'LineSter’,':');

% Plot rise time (Tr)

line([T10 T10],Ylimit,'Color’,r', LineWidth',0.5, LineStyle',":");
line(X1imit,[Y 10 Y10], Color', 1", LineWidth',0.5, LineStyle’,":");
1ine([T90 T90],Ylimit, Color’ .7,/ LineWidth',0.5, LineStyle',":"):
line(X1imit,['Y90 Y90],'Color', r', LineWidth’,0.5, LineStyle',');

% Plot setting time (Ts)

line(Xlimit,{Y2p Y2p],'Color','", LineWidth',0.5 , LineStyle',’:");
line(Xlimit,[ YZn Y2n],’Color','r',’LineWidth',().S,'LincStyle’,’:‘);
line([Tset Tset],Ylimit,’Color','r‘,'LineWidth’,O,5,'LineStyle',':’);

% Plot peak time (Tp)
if Tpeak~=0
tine({ Tpeax Tpeak],Ylirnit,’Color',’r’,‘LineWidth',U.S,'LineStyle’,’:');
line(X1imit,[ Ypeak Ypeak],'Color','r » LineWidth',0.5,'LineStyle',"");
end
% Interpolate function
function y=interpolate(x,X1,Xh,Y1,Yh)
y=YI+(Yh-YH*(x-X)/A(Xh-X1);
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