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In this catchpt% JuE+ A AJoo §

1 System, input and output

T System categorizations

1 Linear vs Nonlinear

1 Continuous vs Discrete

1 Convolution integral

t Laplace transform

T Characteristics of transfer functions: Poles, Zeros, Order, Delay
T Common excitations: Step, Random, Impulse
1 Ztransform

t Fourier transform

t Frequency Response Function

T Response of systems to sinusoidal inputs



Structure of this course

T Each lecture consists of 2 x 45 min
T First 45min belongs to theory

T Second 45min belongs to implementation of the theoryviatlab

Come to the courses

|

Advice

—

Do the exercises Ask guestions




What Is a system? What Is a signal?
u Y

> System .
Ty Ty
\J
Yum, Ym
u . input/excitation to the system
y . true output/response of the system (Reaction of the system to the excitation)

Ty Ny, measurement noise (it will always be there when you measure a quantity)
Uy, :measured input

UYm  : measured output



System categorizations

Linear VS Nonlinea Static VS Dynamic

Timeinvariant VS

Timevarying Continuous VS Discrete

More categorizations can be done, e.qg. lumped VS distributed, deterministic VS sto@hasti
In this course we will mainly focus on linear thm@ariantdynamic systems,
both continuous and discrete



Static vs Dynamic

T Static systemcurrent output depends ONLY on current input

spring:  Fypring(t) =k - (1)

Damper : Flygnner(t) = b - 2(1)

T Dynamic systenturrent output depends on current AND previous values of the input
(there is memory in the system)




Timeinvariant vs Time&arying

T Timeinvariant systembehavior between input and output does not change with time

spring:  Fapring(t) =k - (1)

Damper : Fygmper(t) = b - (1)

T Timevarying systembehavior between input and output changes with time

b(t) Sprlng . Fspfring(t) — k(t) | 'T(t)
b

Damper : Fyqmper (t) =



Linear vs Nonlinear

Properties of linear systems:

T Homogeneity: ifu (t) — y (t) then au (t) — ay (t) Vo constant

U1 (t) — 1

e
T~
SN—

t Superposition: if{ then wuy () + us (t) = y1 (t) + y2 (1)

U9 (t) — Y2 (t)



Continuous vs Discrete

Continuous response Discrete response
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Time Time
Response of the system available We have samples of the response
at any time instant only at distinct time instants

The true nature of the system should NOT be confused with
HOW I CHOOSE to look at the system



Linear Continuous Timavariant system

U

The convolution integral

y(t) = | Oo\h(t = Tzu(T)dT
v

Impulse response
of the linear system




Laplace transform (Continuous systems)

T Not always straightforward and easy to handle the differential equations
T Transformations can be used to change an expression without losing information

/ €N
Time domain Laplace domain
f(t) F(s)

T Convolution becomes a simple produf¥ery important)

L{f(t) / F(B)e st

y(t) = [ bt —T)u(r)dr = Y(s) = H(s)U(s)




Laplace transform (Continuous systems)

T LAPLACE TRANFORM MAKES THE DIFFERENTIAL EQUATIONS ALGEBRAIC

F(s)= [ f(t)e "dt

L{f ()} = sF(s) — f(0)
L{f (1)} = $°F(s) — sf(0) — f(0)

Y v J[vPv Eo0oY

LU B} = s"F(s) = 8" f(0) = -+ = f"70(0)



Laplace transform (example)

From differential to algebraic equations
M) + bi(t) + ka(t) = F(t)
C Properties
L{ME(t) +ba(t) + kx(t)} = L{F ()} of Laplace
operator

L{Mz(t)} + L{bz(t)} + L{kx(t)} = L{F(t)}
Assuming z(0) = z(0) =0

Laplace
C Ms*X (s) + bsX (s) + kX (s) = F(s) e

(Ms* +bs + k)X (s) = F(s)

C X(s) 1 Equation became

F(s) - Ms? + bs + k algebraic




Tables of Laplace transform

Laplace transforms of commonly used functions in the
Laplace domain are available on the internet
(always check the source and the content before using it)

Laplacc Transtforms of Common

Functions
Name A1) F(s)
: 1 -
Impulse S(t)= {0 il o |
Step f@)=1 | l

3 i I
Ramp f)=t v 2
Exponential f)y=e" __4 l

Sine f(t) =sin(wr) oA




Characteristics of transfer functions

Gain = G(0) = 1/10 Zeros
(check also final s+1=0
value theorem) s, = —1

-

s+ 1
G _ 6—98
(8) = @7 os 1 10<>

— \

s 425410 =0 Delay of}

Spg = —1 431 The system has 2 poles seconds

Spa = —1—31 Order of the system?




Poles and System Response

<—— stable region unstable region >

Pole = R(s) + I(s)i

Stability/instability /EReal part of pole R(s)
Oscillatory behavior £lmaginary part of pole I(s)



Step response and first order system
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Can we compute the values
of > eand } based on the
step response?
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Second order system
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Different response for the same system order. Why?
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Other common excitations

Impulse

Random
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Other common excitations

Multisine




Matlab exercisedor BrufaceCatch up course, 11/10/2016

These exerciseare focused on the lecture dfl/10/2016 and deal with contioous time
systemsstep and impulse@esponse as well agability of a lineadynamic systenfAll the
plots must have title, labels on the and y axis, legend and grid, wherever is needed in
order to make the figure clear).

- (onsiderthe followingdynamicsystem

OE s

COL GErgoes

Questions

1) Is the system continuous or discrete?

2) What is the ordeof the system?

3) Which are the poles and the zeros of the systdmthe system stable or unstable?
Why?

4) What is the gain of the system?

5) Verify your answers to questions 3 and 4 by exciting the system with a unit step
excitation. Compute the response of tegstem in two ways (Verify both ways give
you thesameresult).

6) Do you observe oscillations at the output? Why? Why not?

7) Excite the system with an impulse and verify that the system is stable (or unstable).

Have fun and do not hesitate to agkany quesion/problem/commentcomes up!
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T Response of systems to sinusoidal inputs
T Bode plot (Magnitude, Phakand Frequency ResponBanction
T Bode plot of first, second and higher order systems

t Ztransform

U

€ N¢



Response to a sinusoidal input

U
G(s)

In order to investigate the frequency response .

we need only the imaginary part of s S = jw

For a Linear Time Invariant system, at steady state

u(t) = Asin(wt) w—m y(t) = A|G(jw)|sin(wt + )
6= £G(jw)




Bode plot (Frequency Response Function

u .
G(jw)
u(t) = Asin(wt) y(t) = A|G(jw)|sin(wt + ¢)
- - D AlG(jw)| _ : Info on
Ratio of amplitudes =7z = A =G (w)] amplification/attenuation of the signél

Phase =¢ = ZG(jw)

Info on
the phaseshift of the signal

The ratio as well as the phase depend on the frequency of the input signal.
The response of the system is FREQUENMN@&ndent.
We need a plot which depicts the ratio and phase for each frequency.

This is the Bode plot!
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Multisine excitation
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