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%% Inverse Laplace transform

clear all
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syms s
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p=ilaplace (P)
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Pierre-Simon Laplace
(23 March 1749 — 5 March 1827)

was a French scholar and polymath whose work was important to the development

of engineering, mathematics, statistics, physics, astronomy, and philosophy. He summarized and
extended the work of his predecessors in his five-volume Mécanique Céleste (Celestial Mechanics)
(1799-1825). This work translated the geometric study of classical mechanics to one based

on calculus, opening up a broader range of problems. In statistics, the Bayesian interpretation of
probability was developed mainly by Laplace. Laplace formulated Laplace's equation, and
pioneered the Laplace transform which appears in many branches of mathematical physics, a field
that he took a leading role in forming. The Laplacian differential operator, widely used in
mathematics, is also named after him. He restated and developed the nebular hypothesis of

the origin of the Solar System and was one of the first scientists to postulate the existence of black
holes and the notion of gravitational collapse.

Laplace is remembered as one of the greatest scientists of all time. Sometimes referred to as

the French Newton or Newton of France, he has been described as possessing a phenomenal
natural mathematical faculty superior to that of any of his contemporaries. He was Napoleon's
examiner when Napoleon attended the Ecole Militaire in Paris in 1784. Laplace became a count of
the Empire in 1806 and was named a marquis in 1817, after the Bourbon Restoration.
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% Different ways to represent a system:
% 4
% P(s) = -—-———-----————-—-
% (s - 1)(s - 2)
clc
% Tf format
num=4; den=[1 -3 2]; plantl=tf (num,den)
4
plantl = --—-—-—----—————-
s*2 - 3 s + 2
% ZPK format
k=4;z=[]; p=[1 2]; plant2=zpk(z,p, k)
4
(s-1) (s-2)
% converting to state space
[Ap,Bp,Cp,Dpl=tf2ss (num,den)
Ap = Bp = Cp = Dp =
-2 1 0 4 0
1 0 0
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%%

% The smart way to define and simplify the block digrams and SFG

% % We can change the properties of the generated plant using
clear all % get and set comands or as following.

s=zpk('s'); % zero-pole format

P=1/((s-1)*(s-2)) % plant plant_ic.InputName={'r'}; % Set the input names
Co=(s+1)/ (s+2)*2; % outer loop controller plant_ic.OutputName={'y'}; % Set the output names
Ci=1/s*2+s+1; % inner loop controller

%% We can make sure that our augmented system has its minimal

% construct the interconnection structure, plant ic; % realization to avoid un-contrallability for some hidden modes

% Check zero-poles patterns and use minreal

systemnames = 'P Co Ci'; plant_ic = minreal (plant ic)

inputvar = '[r]'; plant_ic =

outputvar = '[P]'; From input "r" to output "y":

input_to P = '[ Co - Ci ]'; s*2 (s+l1)

input_to Co = '[ © - P1'; T T
input_to_Ci = '[P]'; (s+1.727) (s+2.316) (s”2 + 0.1909s + 0.2948) (s*2 - 2.234s + 3.393)
sysoutname = 'plant ic'; Continuous-time zero/pole/gain model.

cleanupsysic = 'yes';

sysic
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Samuel Jefferson Mason (1921-1974)

was an American electronics engineer. Mason's invariant and Mason's rule are named after
him. He was born in New York City, but he grew up in a small town in New Jersey. He
received a B.S. in electrical engineering from Rutgers University in 1942, and after
graduation, he joined the Antenna Group of MIT Radiation Laboratory as a staff member.
Mason went on to earn his S.M. and Ph.D. in electrical engineering from MIT in 1947 and
1952, respectively. After World War II, the Radiation Laboratory was renamed the MIT
Research Laboratory of Electronics, where he became the associate director in 1967.
Mason served on the faculty of MIT from 1949 until his death in 1974 — as an assistant
professor in 1949, associate professor in 1954, and full professor in 1959. Mason
unexpectedly died in 1974 due to a cerebral hemorrhage.

Mason's doctoral dissertation, supervised by Ernst Guillemin, was on signal-flow graphs and
he is often credited with inventing them. Another one of his contributions to the field of
control systems theory was a method to find the transfer function of a system, now known
as Mason's rule. Mason was an expert in optical scanning systems for printed materials. He
was the leader of the Cognitive Information Processing Group of the MIT Research
Laboratory of Electronics, and he created systems that scanned printed materials and read
them out loud for the blind. Similarly, he developed tactile devices powered

S350 )} ais)Sp by photocells that enabled the blind to sense light.
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K=[1; K d]; % System gains g ------------------
(2]
for i=1:4 S
s

omegal2=P1+P2*K (1) ; ‘37

omega=sqgrt (omegaZ?) 05

zeta=P3/ (2*omega)

num=K (i) *Km/ (L*J) ;

den=[1 2*zeta*omega omegaZ];

sys=tf (num, den) ;

. . _ . 0 1 1 1 1 1

x(:,1)=step(sys, t); 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

end LCS2_Dcmotor_TR.m a5 Time (sec)
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Edward John Routh
(20 January 1831 — 7 June 1907)

was an English mathematician, noted as the outstanding coach of students
preparing for the Mathematical Tripos examination of the University of
Cambridge in its heyday in the middle of the nineteenth century. He also did
much to systematise the mathematical theory of mechanics and created
several ideas critical to the development of modern control systems theory.

In addition to his intensive work in teaching and writing, which had a persistent
effect on the presentation of mathematical physics, he also contributed original
research such as the Routh—Hurwitz theorem.

Central tenets of modern control systems theory relied upon the Routh stability
criterion (though nowadays due to modern computers it is not as important), an
application of Sturm's theorem to evaluate Cauchy indices through the use of
the Euclidean algorithm.

sigus )l A3d)Sy

Wb ()0l aslgd ¢ Iaiv oGl LA J)ES slo el
tober 31, 202 o)l A1IL) 59)3 eI § J)IES OLa3)L> (N (Wsigs ITGITEN sly ;B3 0By syan YISy



https://en.wikipedia.org/wiki/Edward_Routh

www.konkur.in

5 el del S3;

Adolf Hurwitz
(26 March 1859 — 18 November 1919)

was a German mathematician who worked on algebra, analysis, geometry
and number theory. He was one of the early students of the Riemann

surface theory, and used it to prove many of the foundational results

on algebraic curves; for instance Hurwitz's automorphisms theorem. This work
anticipates a number of later theories, such as the general theory of algebraic
correspondences, Hecke operators, and Lefschetz fixed-point theorem. He
also had deep interests in number theory. He studied the maximal order theory
(as it now would be) for the quaternions, defining the Hurwitz quaternions that
are now named for him. In the field of control systems and dynamical systems
theory he derived the Routh—Hurwitz stability criterion for determining whether
a linear system is stable in 1895, independently of Edward John Routh who
had derived it earlier by a different method.
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Walter R. Evans
(January 15, 1920 — July 10, 1999)

was a noted American control theorist and the inventor of the root locus method in
1948. He was the recipient of the 1987 American Society of Mechanical

Engineers Rufus Oldenburger Medal and the 1988 AACC's Richard E. Bellman
Control Heritage Award. He received his B.E. in Electrical Engineering

from Washington University in St. Louis in 1941 and his M.E. in Electrical Engineering
from the University of California, Los Angeles in 1951. Evans worked as an engineer
at several companies, including General Electric, Rockwell International, and Ford
Aeronautic Company. He published a book named "Control System Dynamics" with
McGraw-Hill in 1954. He had four children. One of his children, Gregory Walter Evans,
wrote an article about his father in the December 2004 issue of the IEEE Control
Magazine. Evans was taught to play chess by his grandmother, Eveline Allen Burgess,
the American Women's Chess Champion from 1907 to 1920.
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Hendrik Wade Bode
(December 24, 1905 — June 21, 1982)

was an American engineer, researcher, inventor, author and scientist, of Dutch ancestry. As a pioneer
of modern control theory and electronic telecommunications he revolutionized both the content and
methodology of his chosen fields of research. His synergy with Claude Shannon, the father

of information theory, laid the foundations for the technological convergence of the information age.
He made important contributions to the design, guidance and control of anti-aircraft systems during
World War Il. He helped develop the automatic artillery weapons that defended London from the V-1
flying bombs during WWII. After the war, Bode along with his wartime rival Wernher von

Braun developer of the V1, and, later, the father of the US space program, served as members of

the National Advisory Committee for Aeronautics (NACA), the predecessor of NASA. During the Cold
War, he contributed to the design and control of missiles and anti-ballistic missiles.

He also made important contributions to control systems theory and mathematical tools for the
analysis of stability of linear systems, inventing Bode plots, gain margin and phase margin. Bode was
one of the great engineering philosophers of his era. Long respected in academic circles worldwide, he
is also widely known to modern engineering students mainly for developing the asymptotic magnitude
and phase plot that bears his name, the Bode plot. His research contributions in particular were not
only multidimensional but also far reaching, extending as far as the US space program.
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% Example 2
clear all, clc, clf
num=10;

den=[1 3 3 17];

Imaginary Axis

sys=tf (num, den) ;

nyquist (sys)

set (findall (figure(l), 'type', '1line'),'
linewidth', 2)
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% Example 3

clear all, clc, clf
num=[-1 1 0];

den=conv ([-1 1], [1 101);

Imaginary Axis

sys=tf (num, den) ;

nyquist (sys), grid

set (findall (figure(l), 'type', '1line'),"'
linewidth', 2)
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Harry Nyquist
(Feb. 7, 1889 — April 4, 1976)

was a Swedish physicist and electronic engineer who made important contributions

to communication_theory. As an engineer at Bell Laboratories, Nyquist did important work on thermal
noise ("Johnson—Nyquist noise"), the stability of feedback amplifiers, telegraphy, facsimile,
television, and other important communications problems. With Herbert E. Ives, he helped to
develop AT&T's first facsimile machines that were made public in 1924. In 1932, he published a
classic paper on stability of feedback amplifiers. The Nyquist stability criterion can now be found in
all textbooks on feedback control theory.

His early theoretical work on determining the bandwidth requirements for transmitting information
laid the foundations for later advances by Claude Shannon, which led to the development

of information theory. In particular, Nyquist determined that the number of independent pulses that
could be put through a telegraph channel per unit time is limited to twice the bandwidth of the
channel, and published his results in the papers Certain factors affecting telegraph

speed (1924) and Certain topics in Telegraph Transmission Theory (1928). This rule is essentially
a dual of what is now known as the Nyquist—Shannon sampling theorem. Terms named for Harry

Nyquist: Nyquist rate, Nyquist frequency, Nyquist filter, Nyquist plot, Nyquist ISI criterion, Nyquist
o ) aig)Sy stability criterion.

Wb ()0 aslgd (i oGkl LA J)i55 slo el
cember 5, 2021 o)) G330) 59)5 @I § J)TE5 OLaT)bs (@) (Wigs 2351 sy B3 LB) syan \35s



https://en.wikipedia.org/wiki/Nyquist_frequency
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%% Chapter 5 Comprehensive Example
clear all, clc, cla

% System definition

s=zpk('s');

sysl=200%* (-s+5) / (s* (s+10) * (s+100)) ;
margin(sysl),

w=logspace (-1,3,1000);

bode (sysl,w)

sys2=1.4*sysl;

margin(sys2)

bode (sys2,w) ,grid

system=sys2;
run('LCS5 Lead Lag Design sim.slx');
echo on

Run the simulink script any
then press any key to continue

tp=xout.Time;
xd=xout.Data(:,1);
xp=xout.Data(:,2)

LCS5_Comp_example.m )is 25

WG5S g (ILe) amslis g (s lis s5 °

o

% lead design

lead=1.25*(0.52*s+1)/(0.22*s+1);

sys3=sys2*lead;
margin (sys3)

% PD design
PD=1.75* (0.15*s+1) ;
sys4=sys2*PD;
margin (sys4)

% Lag design
lag=5.72* (5.52*s+1)/(31.5*%s+1) ;
sysS5=sys3*lag;
margin (sysb5)

% PI Design
T=1/3/0.05;
PI=(1+1/T/s);

% PID

sysT=sys4*PI;
margin (sys7)
system=sys7;

figure (1)

plot(tp,xd,'."', tp,xp,'-', tpd,xpd,'--', tpid,xpid,'-."),grid
set (findall (figure (1), "type', 'line'), 'linewidth',2)

xlabel ('Time (sec)')

ylabel ('output')

title('Step Response Comparison of Different Designs')
legend('location', 'best','x d','P',"PD', 'PID")

figure (2)

plot(tp,xd'.', tp,xp,'-"', tlead,xlead,'--', tlag,xlag,'-."'),grid
set (findall (figure(2), "type', 'line'), 'linewidth',2)

xlabel ('Time (sec)')

ylabel ('output')

title('Step Response Comparison of Different Designs')

legend('location', 'best','x d','P', 'Lead', 'Lag-Lead")

figure (1)

bode (sys2,sys3, 'vr--"',sys5, 'g-.")

set (findall (figure (1), "type', 'line'), 'linewidth',2)
title('Frequency Response Comparison of Different Designs')
legend('location', 'best','P', 'Lead', 'Lag-Lead')

grid on

figure (2)

bode (sys2,sys4, 'vr--",sys7,"'g-.")

set (findall (figure(2), "type', 'line'), 'linewidth',2)
title('Frequency Response Comparison of Different Designs')
legend('location', 'best','P',"'PD', '"PID")

grid on
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Stephen Butterworth

(11 August 1885 — 28 October 1958)

was a British physicist who invented the filter that bears his
name, a class of electrical circuits that separates electrical
signals of different frequencies. He was a first-rate applied
mathematician. He often solved problems that others had
regarded as insoluble. For his successes, he employed judicious
approximations, penetrating physical insight, ingenious
experiments, and skillful use of models. He was a quiet and
unassuming man. Nevertheless, his knowledge and advice were
widely sought and readily offered. He was respected by his
colleagues and revered by his subordinates. In 1942 he was
awarded the Order of the British Empire. In 1945 he retired from
the Admiralty Research Laboratory. He died on 28 October 1958
at his home in England at the age of 73.
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George Zames
(January 7, 1934 — August 10, 1997)

was a Polish-Canadian control theorist and professor at McGill University, Canada.
Zames is known for his fundamental contributions to the theory of robust control,
and was credited for the development of various well-known results such as small-
gain theorem, passivity theorem, circle criterion in input—output form, and most
famously, H-infinity methods.

From 1960 to 1965, Zames held various teaching positions at MIT and Harvard
University. In 1965, Zames received a Guggenheim Fellowship and moved to the
NASA Electronic Research Center (ERC), where he founded the Office of Control
Theory and Applications (OCTA). In 1969, it was announced that NASA ERC was
to be closed, and Zames joined the newly established Department of
Transportation Research Center in 1970. In 974, he returned to McGill University to
become a professor and eventually the MacDonald Chair of Electrical Engineering
until his death in 1997.
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