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Module - 09
Large-signal Model and Nonlinear Control
Lecture - 42
Dynamics of LTIs and Vector Field with MATLAB Demonstration

Welcome this is lecture number 42. In this lecture, we are going to talk about Dynamics of

Linear Time Invariant system and Vector Field with MATLAB Demonstration.

(Refer Slide Time: 00:34)

Concepts Covered

* Recap of state space model of perturbed LTI Inodq[ of a boost converter
* Phase plane geometry using small-signal model

* Understanding vector filed of LTI It and 2" order systems

Drawing vector fields with MATLAB demonstration

In this lecture we want to recapitulate state space model of perturb, basic particularly the
perturbed LTI model of a boost converter and then perturb LTI model of a boost converter

then phase plane geometry using small-signal model.

Then understanding vector field of linear time invariant Ist order as well as 2nd order system

and then how to draw vector field along with MATLAB demonstration.
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Ideal Boost Converter and AC Equivalent Model

So, first we will start with an ideal boost converter with AC equivalent circuit and this is well
known. So, this is an ideal boost converter that we have explained multiple times in this
lecture and we also we have also discussed that how to obtain AC equivalent circuit of an
ideal boost converter. And this circuit represents a linear circuit. This particular circuit the

AC equivalent circuit and what we are going to do.

(Refer Slide Time: 01:24)

Perturbed Linear State Space Model of an Ideal Boost Converter
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* State space model:

Consider

If we want to write the state space model by considering inductor current to be one state and

the capacitor voltage to be the other state. In this case, the capacitor voltage and the output
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voltage are same. But in a practical boost converter, there can be slightly difference because
of the ESR and we are considering the duty ratio perturbation to be input; that means it is a
control input because in state space model we generally write x dot equal to a x plus b u. So,

the control input here is the duty ratio.

(Refer Slide Time: 01:57)

Perturbed Linear State Space Model of an Ideal Boosl Converter
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So, if we write the equation of the inductor current dynamics, you know if we write the
dynamics equation of the inductor current, then this is a well-known equation this we have
referred earlier in the AC equivalent circuit. So, if we write in terms of state space form x 1
dot which is nothing, but d i L d t because we have taken x 1 tilde is nothing, but inductor

current tilde, then we can obtain this model of a boost converter inductor dynamics.
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Perturbed Linear State Space Model of an Ideal Boost Converter
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We can also write the dynamics of the output voltage like the capacitor voltage and this
equation is also straight forward and then we can write this x 2 dot where x 2 tilde dot is sorry

is nothing, but d v 0 d t here it is a voltage tilde dot. So, we can obtain this equation.

(Refer Slide Time: 02:51)

Perturbed Linear State Space Model of an Ideal Boost Converter
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And the finally, the state space equation x 1 dot and x 2 dot these are all tilde because these

are perturb quantity around their steady state quantity.
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Perturbed Linear State Space Model of an Ideal Boost Converter
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So, we can obtain the overall state space model of the perturb overall perturbed state space

model of the AC equivalent circuit of the boost converter and this A matrix is a system

matrix. So, this is a standard representation of a state space model where x is the state vector.

We have taken here the inductor current and the output voltage x 1 and x 2 and u tilde we

have taken as the duty ratio, which is a control input. Here we have a supply disturbance,

which is a disturbance input. That is why it is coming to be E matrix.

(Refer Slide Time: 03:36)
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Now, if we consider an open loop boost converter, where we are considering the
instantaneous duty ratio to be the fixed duty ratio; that means, the perturbation in the duty
ratio is 0, then the supply disturbance is also considered to be 0 open loop ok. So, this is 0;
that means, this part is shorted and this part where we had that v 0 into d tilde that is 0
because we have ignored the perturbation the duty ratio because we are using a fixed duty

ratio.

Then we will only have this equation because we will have u tilde which is nothing, but d
tilde equal to 0 and then v tilde v in tilde equal to 0. So, we will get x tilde hat equal to A into
x tilde. So, this represents x dot equal to A x which is nothing, but this represents an
autonomous system linear time inference system where there is no perturbation in the input

signal ok.

(Refer Slide Time: 04:40)

Dynamics of First Order Linear Time Invariant (LTI) System
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Now we want to study the dynamics of linear time invariant autonomous system ok. So, first
we will start with the first order system where x is the state, and it is a first order equation d x
d t is a into x t where a whether it is positive or negative or it is 0 depending upon that the
stability of this system will be determined. So, if we write d x d t and if we take a x term to
the left side, then you can represent this and this quantity we are representing in terms of f x

which is equal to 0 ok.

Now, if we solve this first-order differential equation because we have d x d t is equal to a

into x then you will get x of t is nothing, but x of 0 into e to the power a into t this is standard
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form right. So, this is what we have written here. And if you differentiate x dot t then what
you will get? You will get a into x t and that you can write because if you write x dot t it will
be a into a t into x 0 and this term is already it is written. It is nothing but this term. So, we

can write.

Now, we got x dot equal to this equation. So, we want to draw the state space form; that
means, X and x dot plane right. So, in this plane if we consider initially a to be negative ok
then we know that if a to be negative for this system, then this system will be asymptotically

stable asymptotically stable. Here it acts like an eigenvalue because it is a first order system.

Now, the starting point for this x axis is x 0, then if you take x dot and if you obtain what is
my x dot t at t equal to 0, you will find it is nothing, but what is that x 0 right into a because

this x will be x 0.

So, it will be like this quantity will be a into x 0, since a is negative and x 0 is positive. So,
this quantity will be negative right because we have to consider a to be negative and x 0 to be
positive. So, there a into x 0 must be negative and this is coming here. Then, as time you
know increases; that means, as t increases, what we will find that x of x of t which is nothing,

but x 0 into e to the power a t since a is negative this quantity will decrease right.

So, this quantity will be decreased in this direction. What about x dot t? x dot t if you write it
is simply what we have obtained? a into x 0 into e to the power a t right. It is simply like this.
So, this quantity since it is already negative, this quantity is negative. So, we can say that e to
the power a t this quantity will decrease. So, naturally this quantity will be increase. So, it

will go in this direction.

So, effectively their combination will move along this line and this is the direction along
which that the trajectory that means this vector will move and it will finally approach towards
origin as limitation (Refer Time: 08:42) it will go to 0; that means, if we draw the time
domain axis if we draw the time domain axis. So, this will be like this. So, this is my x 0, and

this is my x of t axis.

And if we draw x dot t sorry if we draw x dot t, then what we will find that we have
considered to it will start from negative and it will slowly approach towards this. So, this is

my time axis x dot t right. So, it will approach to this.
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Now, if we consider a to be positive the same thing, then we know what is our x of t. It is
again x 0 into e to the power a t, x dot t will be x 0 into a into e to the power a t. Since a is
positive; that means, as t increases e to the power a t will increase. And what is the equation

of this line?

So, this is f x equal to 0 and what is f x that we have chosen? It is nothing, but x dot minus a
x that is equal to 0. So, x dot equal to a x. So, it is a straight line with a positive slope because
a is positive. That is exactly that slope is positive here; that means, if you start with a point x
0 initial condition, then this will be a into x 0 since a is positive and then it will move along

this vector and it will go away because it is unstable.

So, it will go away from the origin. That means, if you use a different colour, it will go away
from origin and the system is unstable because if we see the time axis then if you start from
this point x 0, it will slowly increase like this as time f ok and similarly if we take x dot t with

respect to t, then this will if we take it will also move along like this ok.
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Dynamics of Second Order Decoupled LTI System
Atalde Syphon
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How does the trajectory move?

Now, if we consider two stable systems, we have taken one first order system with a negative;
that means, it is a stable system. It is a stable system. We have considered another system.
Again it is a negative, it is also stable system. It is not necessary that two systems have to be
stable; one can be stable while the other can be unstable, both can be unstable, both can be
stable. Multiple scenario will happen, but if we understand how to draw the vector field, then

we should be able to draw for any condition on a 1 and a 2 then we can draw the vector field.

And we know for the individual vector field if we start with x 1 0, since a 1 less than O so;
that means, this is this is my a 1 x 1 0. So, the point will move along this line. This is value.
Similarly, if we take this one; that means, this is my a 2 x 2 0 again. This will move along this

line and both the case is stable. So, they will approach towards origin.

Now if we combine and draw x 1 versus x 2 here we have drawn x 1 versus x 1 dot, x 2
versus X 2 dot now if you draw x 1 versus x 2 then this component is x 1 0 this length right

this one along this and this is nothing, but our x 2 0 right. So, this component is x 1 0 and x 2

0.

So, now it will start and then it will slowly come towards origin right so, towards origin. But,
the question is how does the path look like? And that path we call as a trajectory. If you start
with the initial condition, then for a given value of a 1 and a 2 you will get an unique path
along which it will move along towards the origin since a 1 and a 2 are negative because the

system is stable and we are interested to draw this vector field how to draw it.
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Dynamics of Second Order Decoupled LTI System
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Now, we have considered a second order system and we know the solutions of individual
subsystems are of first-order, which can be written in this form. Now we can combine
together to create a kind of vector. So, this is like a state vector where this is my state vector
and these are the initial vector or you can say initial vector or I can say initial state vector or

simply I can say initial vector ok initial vector.

And this is now it looks like a square matrix and it is a decoupled system because each
system like an individual subsystem which does not depend on the other; that means, they are
totally separated. Now, we can write in a compact form; that means, this matrix, this

particular matrix we are writing again here, now we can multiply with an identity matrix.

This is an identity matrix. We are multiplying with an identity matrix. Why we are doing
that? And this we call vector x this is a vector, this is also vector x 0 which is an initial state
vector and both cases they are a combination of two states x 1, x 2 and this is an identity

matrix. Why we have considered that?
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Dynamics of Second Order Decoupled LTI System
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So, if we write down again, then I am rewriting the equation again. I can consider this to be a
column vector. For example, we will see the significance of this column vector, I will
consider another column vector to v y so; that means, there are two column vector vx and vy
ok. Why I have considered this? Since it is a decouple system why I have chosen this column

vector? Let us first draw in x 1 x 2 axis how does the vector look like.

(Refer Slide Time: 15:46)

Column Vectors

So, it is a column vector. And you see, if you go back, this is the axis which corresponds to x

1. This is the axis which corresponds to x 2; that means, if we draw x 1, x 2, axis x 1, x 2 axis
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then we are interested to know what is the component of this what is the component of this

vector along x 1 axis along x 2 axis?

Similarly, what is the component of this vector along x 1 axis along x 2 axis? So, this is why
we are interested. So, the first vector has 1-unit component along x 1 axis 0-unit component
around x 2 axis. So, you can write 1-unit length here. So, this is the vector. This vector looks
like this; that means, this v x vector will be simply like this; this vector consisting of 1-unit
length along x 1 axis, similarly v y vector has 1 unit along x 2 axis that is why it will look

like this 1-unit length.

(Refer Slide Time: 17:01)
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Now, we can draw two vectors and we want to write that what is my initial state that we will
see soon. Suppose if we want to create a vector using a linear combination of v x and v y
vector and you see since it is along x 1 axis 1-unit length, this is along y x 2 axis 1-unit length

we call them as a basis vector. So, these are the basis vectors, the basis vector.

So, this basis vector since we are scaling this vector alpha times. So, this alpha time v x is this
and alpha 2 times v y is the v y is this. Why we have chosen? Because their resultant should
combine to generate this. This is my initial vector or in other way if the initial vector is given,
if this is given because what is this? This is x 0 which has 2 component x 1 0 and x 2 0; that

means, [ can say in this axis it has x 1 0 unit and in this axis it has x 2 0 unit.
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So, then this is the coordinate and I want to match this coordinate is horizontal and the
vertical displacement and from there I can solve alpha 1 alpha 2. That means, what is the
bottom line? The alpha 1 v x plus alpha 2 v y is my x 0 which is nothing, but from this case it
is nothing, but x 1 0, x 2 0 1s nothing, but alpha 1 0 plus 0 alpha 2. This is simply nothing, but
alpha 1 alpha 2 because each of these v x their magnitude is unit length right. So, that is why
we are writing alpha 1 alpha 2. So, alpha 1 here is simply x 1 0, alpha 2 is here nothing, but x
20.

(Refer Slide Time: 19:23)
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» Any point X in 2-D space can be connected by spanning

veetors Vy and vy, using co-efficient @; and a,

» What happens if vectors v, and v, are not orthogonal?

» What happens if vy and vy are not linearly independent?

So, we can get this column vector any point in x 0 axis; that means, any point. So, any point x
0 in two-dimensional space, these are two-dimensional planes x 1, x 2 can be connected by
spanning this unit basis vector. By spanning this basis vector, we can generate any point in
this two-dimensional plane ok. So, what happens if the vector v x and v y are not orthogonal?

What happens if the v x and v y are not linearly independent?

So, here they are linearly independent because in the vector diagram when we will call
linearly dependent? When they are parallel or they are basically one is a subset of other right,
but since here v x and v y they have certain angle, they are not overlapped or they are not

parallel. So, they are linearly independent.
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Column Vectors are Not-Orthogonal

Now, the column vector which are not orthogonal. So, we can consider another scenario A
where the first vector is v x 1 1 so; that means you take here 1 unit length here and you take
another unit length. So, this is my 1-unit length and this one I have 1-unit length. So, that
together they combinedly create this v x. Similarly, if I take v y 1-unit length along this axis
I-unit length and along this axis 2-unit length ok. So, they combine if you join them. This is
my v y ok. So, we can draw any vector in two-dimensional plane for any two-dimensional

vector right.

(Refer Slide Time: 21:11)

Column Vectors are Not-Orthogonal
pans
Q»VQ%

e A

U

(00) )
.

» Any point xq in 2-1) space can be connected by

spanning Uy and vy using co-efficient &y and a;
SR — Ty = o, + ),

» Not possible if v, and vy, are linearly dependent !!

2012



So, we got now for this particular case. These are the basis vector. So, earlier the basis vector
was along x 1 and x 2, but those vectors are orthogonal, but now they are no longer
orthogonal for this case. Here the basis vector v x and v y and we have to represent our initial
condition, our x 0 in two-dimensional plane using this two basis vector. So, here our basis
vectors in this case v X, v y these are the basic vector and they are not orthogonal right. They

are not orthogonal because they have angle, but that angle is not 90 degree in this case.

So, the angle is less than 90 degree, but greater than 0. Now if [ again take an initial condition
here which has a distance let us say x 1 0 from here and which has a distance x 2 0 from here.
So, we can resultant vector can be mapped by scaling this alpha 1 v x, the v x vector this by
alpha 1 spanning and this vector which was v y here, it was our v y we can span in the

negative direction so, that the resultant this plus this will give you this v x x 0.

So, we can generate this vector from these two vectors. That means, we can in fact, any point
x 0 can be mapped by v x and v y by spanning them; that means, they are scaling those
vectors and we can obtain the resultant vector. So, again, we can x 0 can be mapped or
connected in this two-dimensional plane by v x and v y by spanning using their coefficient
alpha 1, alpha 2, but this is not possible if two vectors are linearly dependent. So, our first

requirement, the vector must be linearly independent.

(Refer Slide Time: 23:18)
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Now, we are going a decouple system writing again v x, v y. So, we can write the solution;

that means, our original equation x dot. So, for x 1 dot we know it was a 1 x, for x 2 dot it
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was a 2 X 2. So, you can write x dot tobe a 1 0 0 a2 into x. So, for this system, even for any
second order system arbitrary system, you know whether it is in this form or other form, if we

can find we have not yet discussed what are the eigenvalues.

So, for this case we will consider a 1 a 2 they are given and in subsequent in the next lecture
we will see we will when you will find eigenvalues then this will be written in terms of e to
the power the eigenvalue times t alpha into v x and alpha 2 into v y. So, we can solve this
system by writing this equation. This is very standard well known a second order system even
if you have a nth order system you can write e to the power a 1 2 alpha 1, v 1, e to the power

a2 talpha 2 v 2 and so, on we can add it e to the power an t alphan v n.

So, you can write n number of combination. For this second order at t equal to O initial
condition this quantity will be 1 this will be 1. So, it will be alpha 1 v x plus alpha to vy
equal to x 0 and that we have already drawn that we can get we can draw this x 0 vector by a
combination of v x and v y by spanning them using scalar quantity alpha 1 alpha 2. So, this v

x v y the two-dimensional vector they are linearly independent and orthogonal.

(Refer Slide Time: 25:18)
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Now, we are considering another case the coupled system, that we have already discussed
that v x and v y they are not orthogonal, but again if we have the equation which we have not
written yet suppose we consider the same a 1 a 2 for the system, but now the vectors are

different. We want to see how does the vector look like and we have already discussed that if
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this is my x 1 axis v X, v y you can get x 0 by a linear combination, it is also v x v y they are

second like a two-dimensional vector linearly independent, but they are not orthogonal.

So, now how to draw a vector field? So, whatever we have drawn here we have as if drawn
just the initial condition right if you take x dot equal to A x. So, we generally get x of t to be e
to the power A t into x 0. So, far we are able to at t equal to 0 we are able to locate because
this is a two-dimensional this is 2 cross 1 two-dimensional vector, we are able to locate the

initial vector in the two-dimensional plane.

But, we want to see how does this point move it means the system is stable. How does this
point move in this two-dimensional plane? What is the trajectory and how to draw the vector
field? So, this trajectory can be drawn by using vector field; that means, every point if you
draw a tangent if you draw a tangent. So, you will get the direction of the vector field. So, by
that computing the direction of vector field, we can slowly move the point and we can
eventually draw the trajectory from where that like x 0 will that will follow that path to reach

to origin at limit t tends to infinity for a stable system.

(Refer Slide Time: 27:16)

» Approach 1 - using MATLAB custom simulation
________-____———-

» Approach 2 - using analytical approach with vector field

So, how to draw the vector field? Let us start x dot equal to A x where the A x can be written
like a vector, f x as a function of x where we are starting with a decoupled system a 1 a 2 ok.
So, one approach using MATLAB custom simulation and other approach using analytical

approach using vector field. So, we will first consider how to draw a vector field in MATLAB
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because we want to get some visual understanding before we draw the real vector field in the

in this like a presentation.

(Refer Slide Time: 27:48)
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So, first I have considered one dynamical system and what is the dynamical system? x dot
equal to A x right and since it is we have taken only two state you can see x 1 and x 2. So,
this is also 2. So, this has to be 2 cross 2 and that means, what is my state vector? It is nothing
but x 1 and x 2. And what is my A matrix I have taken? Here I have takena 11 a 12 a 21 a 22.
I will get x 1 dot x 2 dot is equal to a 11 a 12 a 21 a 22 into x 1 x 2 which means x 1 dot is

equaltoa 11 x 1 plus a 12 x 2 plus yeah because there is no input so, that is it.

And what about x 2 dot? x 2 dot will be a 21 x 1 plus a 22 x 2. Now we already know that
how to plug in this equation in MATLAB because the first thing for x 1 we need one
integrator right. So, this is one integrator and if this side is our x 1 dot then this will be x 1.
This we have already learned multiple times right because we started this presentation in

lecture number 4 in the very first week. Then what is my x 1 dot?

So, it is a combination of it is a combination of a 11 x 1 and there will be a 12 into x 2. From
where we are getting this x 2? Again, we will create another one. So, let us draw it here; that
means, we will take another integrator. This is my x 2. This side we will have x 2 dot again
this side we will get, it will have its own self coefficient which is a 22 ok then it will also
have the other coefficient which is a 21 and in this case it is simply this one right. Then we

can connect this one to this point. So, this gives us the complete equivalent right.
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And this is exactly what I did a 11 like sorry a 11 into this a 21 into this a 12 a 22 whatever |
have explained and we already know that if you go inside the integrator like here, we will
have x 1 dot it is x 1. So, you can set the initial condition x 1 initial condition right inside the

integrator. If you go click it we will show you very soon.

Now, suppose if we take x dot is equal to A x plus B u where u is the input this is a general
representation of a state space system where B matrix is nothing, but b 1 b 2. Then what will

be our equation? x 1 dot willbe x 2 dot willbea 1l al2a21a22x1x2plusb 1 b2 intou.

So, this is what I have exactly realized, but we are not going to consider input, but this model
we made because if we want to use because in DC-DC converter ultimately we need to
incorporate input right. So, there will be input voltage gate signal all this will come, but to
start with we can have we can remove the input. So, you see, I have not connected any input.

So, for the input term, there is no effect. Nothing will come.
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Drawing Vector Freld using MATLAB

clc; close all; clear all; K
—————

Input
2 sydom_roslt
%% System parameters —
yn: al SYS'!N To WV"\WCO
system_parameter;

al1=-100; a12=0; a21=0; a22=-200;
q=0; bl=q; b2=0;

— —

A=[al1 a12; 221 222]; B=[b1; b2];

File name - system_simulation.m

0. .| L=2e-6; C=100e-6;
%% Intialization R=1; Vin=10:

x_1initial=2; x 2 _initial=2;
1gure(2),
plot(x_1_initial,x_2_initial,'or'); hold on;

Iile name

system_parameter.m

So, then I am in order to draw a vector field, I have just created 1 dot m file which is like a
Simulink system simulation underscore simulation dot m it will ask for system parameter
although I am not giving any parameter, but this is used if I want to incorporate a DC-DC
converter model. So, for the time being you can ignore this because in this particular lecture
we are not calling this parameter. We are writing all the a 1 a 11 a 12 a 21 a 22 by numerical

value.

So; that means we are putting the values we are not using any symbolb 1 b2 weareb 1 [ am
getting q 0. So, if q equal to 0 there is no input right. So, I am using A matrix and B matrix I

told you and these are the initial condition figure and then you can plot for the initial figure.
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Drawing Vector Field using MATLA

9 . . !
%% System simulation ' : :
Input
x2 sysom_rosult
t_sim=200e-3; Dynameal system S

m ystem_dynamics.slx'); clc;
t=syétem_result.time; t scale=t*le3; File name - system_simulation.m
;L:syﬂmfresult.data;

x_1=x(,1); x_2=x(;,2); u=x(:,3);

Now, if you go for system simulation, it will it is continuing because this whole file is. It is

you know, length is quite large. I will show you.

So, I have broken into multiple lines. I you know another part I am calling running for 200
milliseconds. So, you can change the time. Now I am calling something called system
underscore dynamic dot slx file this file consist of this Simulink model then I am getting the
data from the system result; system result dot time, system result dot data and I have already

explained how to access the data without putting a scope.

(Refer Slide Time: 34:21)

Drawing Vector Field using MATLAB

%% Plotting o

ﬁg ure:! (1), e ‘_z| + sysom_result
4 Subplot(2,1,)

Dynamical system To Workspace
plot(t_scalex_1'b, Linewidth', 2); hold om; gridomy, o

‘subplot(2,1,2)
1T ERA I et .
w ,'Linewidth', 2); hold on; grid on; File name -
figure() system_simulation.m

plot(x_1,x_2,'r','Linewidth', 2); hold on; grid on;

system_vector_field;
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Then I want to plot them in the first figure. I am taking two sub figure like a subplot and the
first plot is x 1, second plot is x 2 with respect to time how they are changing. And second
figure, I am taking phase plane x 1, x 2 which I am trying to explain and along with that I am

also putting a vector field. What is the vector field?

(Refer Slide Time: 34:44)

\ 6D ¥ (6D
Drawing Vector Field using MATLAB L
N_diff=100;
| x_lower=-15; x_upper=15; L File name -
y_lower=-5; y_upper=>5; A2 system_vector_field.m
| x__‘di’ff:(x_upper-x_lower)/N_diff; 8y g'

.y_diff=(y_upper-y_lower)/N_diff;

figure(2
x,y|=me :x-uppery_lower:y_diff:y_upper);

x=(A(LY)*x)+(A(L2)*y)+B(1)*q;
d_y=(AQD*)+A22)*y)+B2)*q;
quiver(x,y,d_x,d_y,'b");

y

So, it is a quiver plot; that means, if you take let us say suppose I want to draw a vector field
along x 1 and x 2. So, this is my x 1 axis x 2 axis. Now, I want to plot the vector field by
some limit; that means, this is my x 1 minimum, this is my x 1 max, then this is my x 2 max,

and this is my x 2 min.

Now, I want to create a grid. I want to create a grid with this. So, [ want to take 1 23456
point 1 2 3 4 5 6 point. So, this number of point 1, 2, 3, 4, 5, 6. So, this is where is the
number. So, if I give 100; that means, 100 such point along the x axis and the same number of
points should be taken along the y axis. So, it will create a matrix like a 100 cross 100; 100

cross 100 dot.

And for each it will look it looks like a point in the phase plane where we want to draw the
vector field; that means we are interested in drawing the vector field the direction of vector
field. How does it look like? So, I am just drawing some arbitrary vector field right. So, it is
like magnetic lines of force, something like that right. So, that means, this part is the lower
limit for the x axis lower limit for the y axis, then you have to create the delta x; that means,

the difference between these two points is my delta x.
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The x diff and difference between y point is my delta y. So, y d diff then the figure. This is a
mesh grid where we are creating this dot dot dot dot dot mesh grid is getting dot. Then you
have to plug in the actual dynamical equation here which you have already considered. Then
it will draw the quiver plot; that means, the quiver plot means this arrow marks it will plot
automatically by computing their direction field because that if you start any initial condition
at this point suppose if you start any initial condition, then the trajectory will start moving

along this direction for short duration again you take a point.

Because even if you draw one point, it does not mean that trajectory will move along this
line. So, trajectory direction will keep on changing. So, you have to take multiple point

nearby to get more accurate trajectory information.

(Refer Slide Time: 37:28)
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1
2
3
4 all1=:1000; al2-0; a21-0; a22--2000;
5= q=0: bl=q: h2=0;

6= A=[allal2 a2l a22]; B=[bl; b2);

(] %% Intialization o
9~ x_Linitial=2; x 2 initial=2; o Bie
10~ figure(2),

11~ plot(x_L_initialx 2 initial.or); hold on; i

%% System simulation

RO X AEK() X 25XG2) uEX ()

21 %% Plotting

P2 figure(1),

23~ subplot(2.1.1)

-7 Lasia. L L 1Y TV WA P hal.

So, let us go to the MATLAB and how does it work? So, this is exactly what I have presented
the whole plot.
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Dynamical system To Workspace
®
]

And if we open this model.

(Refer Slide Time: 37:38)

N r— lol@ 8

Again, if you go inside, we can plug in the initial condition here and we can plug in the initial

condition here.
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And in this part we have already discussed the methodology now I am running. So, initially I

am plotting for a 11 1000. So, let us take if I run this particular part ok. So, I am running.

(Refer Slide Time: 37:59)

RQgemm 2 MenBic R Y e @

!!gww-ewc—-au E!!! |! !!

poun o Gt L™

S >> cle; close all; clear all; i
olc: close all; clear all: i
i
— %% Systom parametors i
pcyen puAmen all=-1000; al2=0; a21=0; a22=-2001%
Jal1=-1000: a12=0: a21=0; a22=-2000] 0 bl=q: b2=0: o
lq=0:  bl=q;: h2=0; R G B[bl: b gu
ARG A=[all al2a21 a22); B=[bL:b2:  [o,
A=[all al2: a21 a22]: B=[bl: b2]: { J Befbl:b) e
o Y e
i
8 %% Intialization L
9= x_Linitial=2; x 2 initial=2; d B
10-  figure(2), fe
11-  plot(x_I initialx 2 initial,or): hold on; £
12 y
13
14 %% System simulation
19-  tsim=100e3; T=2000e.6; D=50;
16 sim('system_dynamics sl); ele;
17 t=system result.time; t_scale=t*le3;
bt x“system_result data;
o 19 x_1ox()x 25x(.2) uex(.):
20
21 %% Plotting
e
wTlp2- figure(1),

23 subplot(2.1.1)

B alasds soalase L inosidabt 2\ hald i
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2

3

: 2000
N 0 2000
6

Y >>B

8 %% Intialization

9= x_l initial=2; x_2_initial=2; B=

10~ figure(2), :

11-  plot(x_I_initialx_2_initial,'or): hold on: 0

R 0

13

14 %% System simulation o>

15-  tsim=100e-3; T=2000e-6; D=50;

16=  sim(system_dynamics sl cle;

17-  t=system_result.time: t_scale=t*1e3;

X=rystem_rosult data;

X 25X (2 ux(3):

%% Plotting
figure(1),
subplot(2.1.1)
slosle_snalose 1

T inonidth! 9 hald ans et an

And I am finding what is my A matrix. So, A matrix I have taken minus 1000 minus 2000 so

that means, it is like a two decoupled system and you can check what is my B matrix.

So, B matrix 0 0. So, there is no input effect. So, we can imagine that A matrix has two
diagonal term one minus 1000, another minus 2000. So, minus 1000 you can think of a 1;
that means, you know a 1 and minus 2000 like a 2. So, a 1 a 2 both are negative. So, it is

stable now. We want to draw the vector. field let us say how does it look like.

(Refer Slide Time: 38:37)

AL E M B ;‘:"“" R Y e 2

| T| 8
e [ ms
© e e 1 by wall " Warning: Input port 1 of i
¥ all: clear all ¥l system dynamics/Dynamical i
system’ i not connected i
> Insystem simulation (line 16) e
Warning: Input port 3 of i

system_dynamies/Mux' is

10l connected

In system simulation (line 16)
8 %% Intialization

9-  x_Linitial=2; x 2 initial=2;
10~ figure(2), .
11-  plot(x_I initialx 2 initial,or): hold on;

12
13
14 lation
15- =2000e.6; D=30;
16 sk cle;
17 tesystem result.time; t_scale=t*led;
e x“system_result. data;

e 195 X IEK() x_255(.2) uEX(3)

o we W

20
21 %% Plotting
[.J l G2 figure(1),
23~ subplot(2.11)
= Ddm—lasls saalose 10 Dinosniadil! 01 hald 1
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So, I want to run this program.

(Refer Slide Time: 38:39)

rrima

9-
10~
11~
12
13
14
5=
16~
1=
18

19

20
21

e e bt T Oy wadee Vg

%% Intialization
x_1_initial

vz e w2 2 u

Dade k0084 Q0000

wom a

figure(2),
plot(x_1_initial x_2_initial 'or): hold on:

%9% System simulation
t_sim=100e-3; T=2000e-6; D=50;
sim('system_dynamics sIx'); cle;
t=system _result.time; t_scale=t*1e3;
X“rystem_result data;

X IEx(0): 27 x(.2) ux ()

%% Plotting

figure(1),
subplot(2,1,1)

And this is the initial point I start with minus 2 and 2.

(Refer Slide Time: 38:41)

SO DI+ G v o 008+ O

T e T Ot W 1oy
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%% Tn

zation R
x_1_initi |

W W W

figure(2),
plot(x_1_initialx_2_initial,'or); hold on;

System simulation
00e-3; T=2000e-6; D=30;

sim('system_dynamics six); ele;

t=system_result.time; t_scale=t*le3;
X system_result data;
X LX) x 25x(:

o u=x ()

%% Plotting
figure(1),

And let us see how does it move.
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So, if you go you see I have taken 100 grid. So, let us reduce the number of grid because

there are too many grids.

(Refer Slide Time: 38:52)

%DUG:_’;",“::U‘“' R g
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= o

] b ", 1 N_diff=10: fi>> e
R 2 x_lower=-15; x_upper=15; i
s — | y_lower=-5; y_upper=5; i
q i

"

5- x_diff=(x_upper-x_lower)/N_diff; m

6= y_diff=(y_upper-y_lower)/N_diff; sy
p e
8- figure(2),
9= [x.y]=meshgrid(x_lower:x_diff:x_uppery_lower:y_diffy_upper): A

10~ x=(A(L)*x)H(A(L2)*y) +B(1)*q: el

- dy 2)4y)+B(2)*q: b
12- o

13- (i
e

14- %
1S5 :.;vuw
iV
i

w Wi e

11 i g o il b

So, if I make let us say initially to understand ok. So, to understand this point.
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e
'1 i
an
4 system’ is no o
3 y in
In system simulation (line 16) e
1 Jal 171000 al270; a21-0; a22-.2000. e
Warning: Input port 3 of
] d system_dynamics/Muy’ is
6 all al2: a2l a22]: B=[bi: b2}
e 10 connected
d e > In system_ simulation (line 16)
8 %% Tntialization f
9= x_Linitial=2; x 2 initial=2; 4
10~ figure(2), |
11~ plot(x_L initialx_2_initial.or); hold on;
12 |
13
14 %% System simulation
15-  tsim=100e-3; T=2000e-6: D=50:
16 sim('system_dynamies she'); ele;
17-  t=system_result.time: t_scale=t*le3;
e x“system_result.data;
19 x 1x(ul)x 2o%(.2) uox(3):
20
21 %% Plotting
2~ figure(l),
23~ subplot(2.11)

I am first running with 10 10 point grid point; that means, number of grids are less.
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So, we will see if you these are the vector values. So, if you start from this point, the
trajectory start moving, but it does not mean that throughout this path trajectory direction will

remain same because it may keep on changing because if you see here.
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The trajectory is slowly curving towards this origin and it is slowly trying to reach origin

because this is a 0 0 point. So, it is starting from here and slowly coming and this direction

field.

So, suppose I want to make the direction field. So, I make from minus 15 to plus 15 let us

make for minus 5 to plus 5. So, if I go here.

(Refer Slide Time: 39:47)

N_diff=10;
x_lower=:5; x_upper=5{

y_lower=-5; y_upper5:

x_diff=(x_upper-x_lower)/N_diff
y_diff=(y_upper-y_lower)N_diff;

figure(2),
[x.y]=meshgrid(x_lower:x_diff:x_upper.y_lowery_diff:y_upper):
Ax=(A(LL)*X)HAL2)y) +B() g
d_y=(A(21)*x)+(A[2.2)*y)+B(2)*q:

quiver(x,y.d_x,d_yb);

xlabel(‘State xI'):

ylabel(State x2);

=

And if I change the vector field like a minus 5 to plus 5 and now again, I want to draw again.
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GoE U Se | =t R e

oo e * e
Warning Tnput port 1 of o
1 ‘system._dynamics/Dynamical i
: system’ is nol connected i
) " i
> Insystem simulation (line 16}
) : al270: a2170; a22--2000; Wataig: Japui port d.of
o system_ dynamics/ M is
f 10l connected
s; e T > [n system simulation (line 16)
9= x_l initial=2; x_2_initial=2; k
10~ figure(2),
11~ plot(x_I_initial x_2_initial,'or): hold on:
12
13
14 %% System simulation
15-  tsim=100e-3; T=2000e-6; D=30;
6= sim(system_dynamics six); cle; i
17= t=system_result.time: t_scale=t*1e3;
i) x=eystem_result data;
RO () x 282w ()
20
21 %% Plotting
P2~ figure(l),
23 subplot(2.11)

And want to see how does the trajectory look like in this plane.
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So, you see initially. We have a starting point. You see if you check carefully if you draw this

trajectory.
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It is starting from this point and this point they are moving along the same line because this
blue line indicate the derivative of the vector field or that tangent to the vector field along

which the trajectory will move.

But, after some time, I mean once it passes, then it is slowly deviating; that means, in order to

plot better you need to take more point. So, if we increase the number of point let us say.

(Refer Slide Time: 40:35)

Instead of 10 let us say we make 20 and see whether we are.

T i Se

-

x_lover=-5, x_upper=5;

y_lower=-5; y_upper5:

x_diff=(x_upper-x_lower/N_diff
y_diff=(y_upper-y_lower)N_diff;

figure(2),
[x.y]=meshgrid(x_lower:x_diff:x_upper.y_lowery_diff:y_upper):
dx=(A(1L1)*x)+(A(1.2)*y) +B(1)*q;
d_y=(A(21)*x)+(A[2.2)*y)+B(2)*q:

quiver(x,y.d_x,d_y.'b’
xlabel('State x1');
ylabel(State x2);

-
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@o - 2 R e 2

> @ b ey 3
fr———— e
Warning: Tnput port 1 of i
‘system_dynamies/Dynamical o
system' s nol connected it
> Insystem_simulation (line 16)

-2000: Warning: Tnput port 3 of :"?‘

system_dynamies/Mux' is e,
101 connected o

> In system_simulation (line 16) ;‘*

figure(2),
plot(x_L_initial:x_2_initial,'or): hold on;

4% System simulation
Lsim=100e-3; T=2000¢.6; D=30;

sim('system_dynai X); cle;

t=system _result.time: tscale=t*1e3;
X system result data;

SR 2 X2 e x(3):

%% Plotting
figure(1),
subplot(2.1.1)

We can get a better you know representation of the vector field or not.
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So, you see we have taken a nearby, but not exactly on the same path.
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It is slow. If you could have taken here, you will get a better representative.

(Refer Slide Time: 40:59)

e s e

TN_diff=50:
x_lower=-5; x_upper=5;

y_lower=-5; y_upper=5:

x_diff=(x_upper-x_lower)/N_diff:
y_diff=(y_upper-y_lower)/N_diff;

0 figure(2),

9= [x.y]=meshgrid(x_lower:x_diff:x_upper.y_lower:y_diffiy_upper):
10 AxE(ALL)*x)HA(1L2)y) B g

11- d_y=(A(L1)*x)+(A[22)*y)+B(2)*q:

12 quiver(x,y.d_xd_y,b);

13- xlabel('State <I');

14 ylabel(State x2);

15

So, we can take you know maybe 50. So, because we are increasing the grid point.
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That means, even if we take the vector field here. So, this close by vector field will be almost
nearly parallel ok; that means, this is how it shows the trajectory of the vector field. Now, we

can check with multiple point that means, we can check with now.

(Refer Slide Time: 41:43)

g ane, Be | sl 8D H .

- orm e T

)
BB et hao | R
'-iE“EjﬁHt!””“j=5P‘-éF-!*.........l...llll..lll..l.......lll

2
3 %% System parameters
L] al1=:1000; a121000; a21=-1000; a22=-2000;
5 q=0: bl=q; b2=0:

6~ A=[allal2; a2l a22); B=[bl; b);

> Insystem simulation (line 16)

[] %% Intialization
9~ x_Linitial=2; x_2_fnitial=2;
10-  figure(d),
11~ plot(x_I_initialx_2_initial,'or): hold on:
12
13
14 %% System simulation

15-  t_sim=100e3:

=2000e-6: D=30:

16 sim(system_dynamics sl); ele;
17 t-system_result.time: t_scale=t"le3;
ne xX=aystem_result data;

TR0 k() x 2 x(2) uex ()
20
21 %% Plotting

p2-  figure(l),
23 subplot(2.11)

Let us say 1000 and we can give minus 1000. So, let us see how does it looks like I want to

show interesting point and how does it looks like. So, this is another point I want to show.
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Now, trajectory is curving towards this right.
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So, it is actually changing and it is curving.
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And you see here you will get some overshoot undershoot because it is crossing this point for
some time crossing this point. It might also cross a little bit so; that means some overshoot

undershoot effect will be there, but if we could take the earlier one.
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2

3 %% System parameters

Ll all=:1000; al2 h. A2120; a22=-2000;
5 q=0: bl=q; b2=0:

6~ A=[allal2; a2l a22): B=[bl; b);

In system_ simulation (line 16)

8 %% Intialization
9= x_l initial=2; x_2_initial=2;
10- figure().
11-  plot(x_L_initialx 2 initial,'or'); hold on;
12
13
14 %% System simulation
15-  tsim=100e-3; T=2000e-6; D=30;
16 sim(system_dynamics sl); ele;
17 t=system_result.time: t_scale=t"le3;
18 X=system_result data;
TR0 k() 2 x(2) uex ()
20
21 %% Plotting

2 figure(l),
23 subplot(2.11)

Then there will be no overshoot understood because the earlier was a decoupled system. Now
we are talking about a coupled system. So, if you draw the earlier one, it is like a there is no

overshoot.
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It is like exponentially decaying function. So, this is decaying right. So, this is a decaying

function decaying function right. So, we understood how to draw a vector field.

(Refer Slide Time: 43:04)
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Now, we want to see can we imagine how does the vector field looks like. So, we started with
this point A x f x and again we consider that v x and v y are the two basis vector right. So,
you can write because this is an identity matrix. This is like our identity matrix and this basis
vector v X has a dimension of 2 cross 1, this also dimension of 2 cross 1. So, now, I can write

for this particular case a 1 v x a 2 v x right.
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Vector Field of Dynamical System
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Now, I want to draw the vector field. So, I told you in order to draw the vector field. So, f x
function this is a v x is the basis vector with the scaling factor of a 1, v y is a basis vector of

the scaling factor of a 2 and a x is the point where we are trying to draw the vector b.

So, you need to specify the point where we want to draw the tangent. Suppose you want to
draw a tangent here whether it will come towards this which you have shown in the
MATLAB or where it will go towards this. So, that can be analysed by drawing this vector
field. So, let us first draw for f 1 x it is nothing, but a 1 v x. So, thisismy vxandal vxis

this one.
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Vector Field of Dynamical System
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Now, we are going for f 1 x and f 2 x; that means, first this is my f 1 x that we have already

discussed and the other one is f 2 x which is a two time vx v y.
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Drawing Vector Field in 2-D Plane

Then what we have to obtain? We are trying to find the vector field at x equal to x 0. So, it
has this f 1 x, f 2 x we have drawn and x 0 that is given; that means, it has x 1 0 and x 2 0;
that means, you know we are talking about this point this is x 1 0 component and this is x 2 0

component right.
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So; that means, f x 0 can be written as f 1 x vector into a scaling factor this, f 2 as vector
scaling factor of this. I am writing this vector to be my f 1 x into x 1 0. I am writing this
vector to be this vector to be I am talking about this vector to be f2 x into x 2 0 and their
resultant vector is the one which is my this one which is the vector computed at this point;

that means, this is the direction of the vector.

But, remember we need to draw the vector field here because we wanted to find the direction
of the vector field at this point. So, ultimately we got the vector field direction. So, this vector

field will be parallel to this.
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That means, whatever we obtain it is the parallel field right because we first draw the vector

and then because it is a parallel vector right because we want to find the vector v at this point.
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Similarly, we want to find the vector field at this point. We need to know what is my this

point location as if this location is computed after trajectory moves towards I mean after time

t 1 interval and you got x 1 on x 12 component because this one is my x 11 and; that means,

this is my x 11 comma x 12 x 21 component.

So, then we can get this vector; this vector is nothing, but f 1 x into x 11 f 2 x into x 21 and

again we need to draw a parallel line to this because this is we are computing at this point

right.
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So, by that way we can draw the vector field.
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Now, this vector field example we have said v x and v y are the basis vector and we know
how to draw the initial condition. What happens if you take x 0 in either on this basis vector
or on this basis vector? So, if you take x 0 on that basis vector, you will find alpha; that
means, our original equation was alpha one v x plus alpha 2 v y equal to x 0 since we have

chosen x 0 along this v x axis.

So, alpha 2 must be 0 in this case; that means, you will only have alpha x alpha 1 v x equal to
x 0. So, your x t will be simply e to the power this term because alpha 2 is 0. If you
differentiate, you will get x dot equal to a 1 x. The trajectory will continue to remain on this
line. If you choose any point starting point here, it will remain here provided that your a 1 is

less than 0.

So, it will because the derivative of this vector is on the line; that means, the point will move
the vector field direction will be along this line since a 1 is negative it is towards this side left

side right to left. So, the point will slowly move towards the origin.

So, it is called invariant vector field because if you start the initial condition on that line of
the vector, the point will move along the line, it will not go out of the line. So, it will be along
the vector. This is an invariant vector field and we will see this will actually lead to what is

the concept of eigenvector ok but we are not talking here now.
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ot !
z(t) = "oy, +e"a,

o, + (v.zvy =T,

» What happens if xq in located cither onw, or on v, ?

— put —
z(l)=e"ou, ap, =z,

‘ » Invariant vector field
z(l) = e ayv, = 0,z(t)

Now, if you take a coupled system, we have taken two vectors. Then for this again if we take
any initial condition on this any of this vector. Suppose, we took the initial condition let us
say here then if a 1 is less than 0 again this point will move along this side it will not come
out of this line and it will slowly approach towards origin and this is my vector direction v x

right again it is an invariant vector field.

So, whether the basis vector these are the basis vector whether they are orthogonal or not, but
they must be linearly independent. If you choose any initial condition on any of this basis
vector along that line, then it will remain on the line whether it will come towards origin or
go away depending upon the stability property, but it will be on the line and this is the

invariant vector field.
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So, if we compare the first case, this is the vector orthogonal, but they are not orthogonal
right. So, these are the two diagrams that we set. Then we can map any x 0 using this basis

vector for system 2 as well as system 1.
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And then we want to combine like you know x t and let us see it is z t. Suppose we applied.
So, this is something like that. Suppose we take an image. This image like this suppose you

take an image the image is a circle right and this is a plane x 1 x 2 plane x 1 x 2 plane and we
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are looking from vertically from like our viewpoint is from the you know three dimensional,

it is like along the z axis we are looking at.

So, it will look like a circle, but now suppose we have changed the angle. Suppose we are
looking from an inclination then the axis may appear slightly different the axis may appear
slightly different and it may appear something like this and that we call it as a z 1 z 2 because
we are looking from some angle and then you will find this particular ball will look like an

ellipse right because bent it because we are looking from another angle.

So, when you look from vertically it will look like a circle, but if you look from an angle it
will look like an ellipse right. So, that axis. So, this is exactly what z. So, I can take z to be a
combination of z 1, z 2 which is an image version by either moving the image keeping the
eye position same by changing the angle of this plane or by changing our eye angle itself. So,
in each case, as if we are kind of by movement, we are making some image processing or

some image transformation from here.

So, we are multiplying if operator M which is changing the image direction, either your view
direction. So, it is ultimately the relative position I mean. It does not matter because if both
the image plane and the vision plane change together, they still appear like a vertical. Then
there is no problem, but suppose if one of them related to the other changes, then as if we are
making like an operator M where x was our original one and the z is the 1 by operator plane.

If you multiply, then this will resemble like this kind of thing where vx 1 and vy I.

So, here v x 1 is nothing but operator into the previous basis vector. So, this is a change in the

basis vector by means of the projection and v y 1 is m times v y again operator same operator.
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So, it is actually changing the angle. So, system 1 system 2 operator. So, if we write vx 1 M
vxvilMvy. So,if you combine vx I vx 2 M into v x. So, this identity matrix. So, it turns
out this operator, which is a square matrix consists of v x 1 and v x 2 which is the inclined
angle right. They are basis vector. So, ultimately this is and you will find soon that this is

nothing, but these are the eigenvector of this system which we are going to deal with.
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So, what is the system transformation? That means, this image processing is changing angle.

By means of an operator z equal to M time x or you can write X equal to M inverse z and this
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inverse exist because we have chosen M which consist of two vector v x 1 and vy 1 and both
the vectors are linearly independent as a result M must be I mean M will be invertible
because the rank will be full rank because it consist of two vectors a two-dimensional vector

which are linearly independent. Same it is a full length matrix square matrix.
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Then, if we obtain x dot t it is the representation of the autonomous system for system 1 and
if you obtain z dot t, you will get a couple and there because of the transformation. So, your
couple system here is nothing, but M times M decouple system into M inverse. So, this is an

image transformation has changed the system matrix ok.
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And if you decouple one, you will get this combination. Now, since we have not put any

value here. So, we will see.
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Find eigenvalues and eigenvectors?

And we want to see what will happen in this particular case. So, suppose we have taken a 1 to
be minus 2 minus 3 and the coupled system will be minus 1 minus 1. So, we want to see the
vector field in decoupled system. So, this is my decoupled matrix and this is my coupled

matrix. So, whatever we discussed now, we want to see what happens in this case.
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(] %% Intialization

9= x_l initial=2; x_2_initial=2; ol B=
10~ figure(2),
11~ plot(x_I_initialx_2_initial,'or): hold on: 0
R 0
13
14 %% System simulation fi>>
15-  tsim=200; .
16=  sim(system_dynamics six); cle;
17 tosystem_result.time: t_scale=t*1e3;
10 x=eystem_result data;

THO () x 282 uex ()

20
?1 %% Plotting

2~ figure(l),

23 subplot(2.11)

Blmrlabbsaslos b Linasidtht Do hald ansastd-ans

So, let us go to the MATLAB simulation here. We are considering minus 2 0 0. So, suppose
let us run this and I will show you that if we run it A matrix and B matrix. So, what is our A

matrix? Minus 2 minus 3 and what is my B matrix? 0. So, if I draw, run it.

(Refer Slide Time: 55:19)
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Warning: Input port 1 of o
‘systemdynamics/Dynamical i
system’ i nol connected i
In system simulation (line 16) 'J‘:
Warning: Tnput port 3 of
‘system_dynamics/Mux' is
not connected
’ %% Intialization > In system_simulation (line 16)
9= x_l initial=2; x_2_initial=2;
10~ figure(2),
11~ plot(x_I_initialx_2_initial,'or): hold on:
12
13
14 %% System simulation
15 tsim=200;
16 sim(system dynamiesslx); cle;
17 t=system_result.time: t_scale=t*1e3;
19 xX=system_result. data;
RO () x 282 uex ()
20
21 %% Plotting
2~ figure(l),
23-  subplot(2.11)
V. {’ ., Lttt didl e dhald d i
Wi W

Then I will show you.
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So, this is a vector field and you can see if you choose any vector.
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Nt T

C . aq  Warning Input port 1 of
cle; close all: clear all: g
system dynamics/Dynamical

< yater’ is not connected
%% System parameters

all=:2; al2=0; a21=0; a22=-};
= q70; bl=q; h2=0;
A=[all al2; a2l a22]; B=[bl; b2J;

In system simulation (line 16)

Warning: Input port 3 of

ystem dynamics/Muy' is
10l connected

T > In system simulation (line 16)
8 %% Intialization K

9= x_Linitial=5; x 2. initial=0}
10~ figure(2),
11- plot(x_L miml‘xIZ initial 'or'); hold on;

n2
13
14 %% System simulation
ns- t_sim=200;
6= sim(system_dynamicssIx'); cle;
- t=system _result.time; t_scale=t*le3;
e x“system_result data;
B C R E N S SN Y
20
21 %% Plotting

2= figure(l),
23 subplot(2.11)

That means if I choose an initial condition, let us say on this axis; that means, [ am choosing

let us say 5 here 0 here. So, my initial condition will be along the axis.
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So, you see, it is along the axis. So, it will always go towards this and this is an invariant

vector field that I have told.

(Refer Slide Time: 55:48)

v A e ., 00 0 S S o i
P —— \

JoWe t@L 0984 A2/ 00(s0

T r T
| | R B A A A A (A 4 Yy W &N I
I A PP AP P B S S S
| R I R e B L G S I R e
g ——— e e et -
¢
E’ﬂ
LY
PRI PRSI U I PSP SN A S
................ <
o | PO R P S [P N I e
8 | N R T T T
L [ \ z (NN LV VI B A b L
o : " )
e

It will move along this path.
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] W .\\ aning: Tnput port 1 of ”,’
systemdynamics/Dynamical i
: o system’ is not connected i
d A Ridystem paramelens > In system simulation (line 16) s
4 all=2; al2=0; a21=0; a22=-3; v I e
N N ix arning: Input port 3 of iine
oy T bl’:“ h?’o“ ; ‘system_dynamics/Muy' is j‘f'
6o ASfallaiziadlan Bepbi; bl sES i
e > In system simulation (line 16) o
0 %% Intilization K
9= x_Linitial=0; x 2 iniunI:.ﬂ d B
10~ fgure), fiu
11~ plot(x_I_initialx_2_initial,'or): hold on: g
12 [Lean
13 filow
14 %% System simulation i
15- s : i
16 sim(system_dynamics slx); ele;
17 t=system_result.time: t_scale=t*1e3;
1o x=aystem_resull. data;
TR0 () x 2 x(2) uex ()
20
21 %% Plotting

2~ figure(l),
23~ subplot(2.L1)

Similarly, if I choose the initial condition 0 and 5. So, you will see it will move along the

vertical axis.
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%% System paran M
all=-2; al2=0; a e
- q=0: bl o
A=[all al2 a2l a %W
8 %% Intialization un
9-  x_Linitial=0; x d B
10- figure(2), b
11-  plot(x_I initialx 2 initial,or): hold on; g
12 ik
13 fom
14 %% System simulation i
19-  tsim=200; o
16 sim('system_dynamicssIx'); cle;
17- tesystem result.time; t_scale=t*le3;
16 x“system_result data;
T9- x 1) x 272N uE ()
20
21 %% Plotting

22 figure(l),
23 subplot(2.1.1

D= wlasls sasla s 1K inansideh! 0\ hald ans mtd an

ot W wn

Yes, ok now what will happen if we consider this minus 1 minus 1 2 minus 4?
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clo: close all; clear all;

%% System parameters
all=1; al2=-1; a21=2; a22=-4
q=0: bl=q; b2=0:

A=[allal2; a21 a22): B=[bl: b2);

(] %%

falization
9= x_Linitial=0; x 2 initial=5; d
0= figure(?).
11~ plot(x_I_initialx_2_initial,'or): hold on:
12
13
14 %% System simulation
15 tsim=200;
16-  sim('system dynamiesshx); cle;
17-  t=system _result.time: t_scale=t*le3;
e X“system_rosult data;
TR0 () x 2 x(2) uex ()
20
21 %% Plotting

2~ figure(l),
23~ subplot(2.L1)

It is minus 2 minus 3 we have already considered. So, let us say minus 1 minus 1 2 minus 4.

So, minus 1 minus 1 2 minus 4 let me cross check.
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U
figure(2),
plot(x_I _initial x_2_initial'or'): hold on;

\
%% System simulation

15 1_sim=200;

16~ sim('system dynamics.slx'); cle;
17= t

stem_result.time: t_scale=1*1e3;

18- x=system result.data; "
19= x_1=x(1); x 27x(:2) u=x () i
20 N
p1 %% Plotting e
22— figure(l), o
23-  subplot(21,1) i
24 plot(t scalex 1'b'Linewidih', 2); hold on: grid on; 1
25<  subplot(212)
26~ plot(t_scalex_2'r Linewidth', 2); hold on; grid on;

vie7
20 figure(2)
29-  plot(x_Lx_2,¢, Linewidth', 2); hold on; geid on
B30
Bl svstem_vector_field;

Let me cross check minus 1 minus 2 minus 4 ok fine. Now we want to run it and see.
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plot(x_1_initial.x_2_initial,'or); hold an;

%% System simulation

1_sim=200;
sim('system_dynamics.shx'); cle:
t=system_result.time: t_scale=t*1¢3;
x=system_result.data;

X175 1); x_25X(:.2): u=x(:,3):

%% Plotting
figure(1),
subplot(2.1,1)

plot(t_scalex_L'b' Linewidih', 2): hold on: grid on:

subplot(2,1.2)
plot(t_scalex_ 2.t Linewidth', 2): hold on: grid on:

figure(2)
plot(x_Lx_2,'¢, Linewidth, 2); hold on; grid on.

systom_vector_field;

K

> In systemsimulation (line 16)

Now, it will no longer.
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Even you take vertically because now the direction field has changed ok. So, we cannot
expect that it will come because you can see earlier the basis vector was different now the

basis vector is no longer here right so that means, our eigenvector has changed ok. So, the

trajectory movement got changed because we have scaled down.
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It is no longer earlier vertical axis was my you know invariant vector field, but it is not the
case now right.
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|  Warning Tnput port 1 of s
cl close all; clear all | i i
system dynamics/Dynamical Ha
yitem' is nol connected i
%% System paramelers y i
T system_simulation (line 16} 4
all=-1; al2=-1; a21=2; a22=-4; Has
R A Warning Tnpat port 3 of o
O0; bl=gb2=0; system_ dynamics/Muy' is i
A=[alla12; a2l a22); B=[bl; b2); n
10l connected
] In system simulation (line 16)
] %% Intialization i
o . I3 i
9-  x_Linitial=5; x 2 mmnl—l)L d B
10~ figure(2). fhs
11~ plot(x_L initialx 2 initial,or'); hold on; u
12
13
14 %% System simulation
15-  t sim=200;
16 sim('system_dynamics sIx'); cle;
17 t=system_result.time; t_scale=t*le3;
b x“system_result. data;
19- X 1=x(l) x_25(.2) u=x(:3):
20
21 %% Plotting

P2~ figure(l),
23-  subplot(2.1,1)

o4 alatlasaalose LWL Lk 9\ hald. 1

Similarly, if I choose, you know the same as along this 5 and 0. So, it will not run along this

path ok it will not run along this path because that direction has changed.
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But, nevertheless we can always draw vector field and which will show the direction field

right.
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So, we can do ok so; that means the coupled system. So, we need to I know understand the

eigenvalues and eigenvector and that we are going to discuss in the next lecture.
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* Recap of state space model of perturbed LTI model of a boost converter
* Phase plane geometry using small-signal and switching models

* Understanding vector filed of LTI 1** and 2 order systems

* Drawing vector fields with MATLAB demonstration

So, in summary, we have a recapitulated state space model and perturbed LTI model of a
boost converter. We have shown the phase plane geometry using small-signal model, but
switched model we have not considered here that we are going to consider next.
Understanding vector field for 1st and 2nd order system, then drawing vector field with

MATLAB demonstration. So, with this I want to finish it here.

Thank you very much.
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