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Lecture Schedule:

Lecture Title

Week Date

28-FeblIntroduction

! 2-MarSystems Overview

7-MarSystems as Maps & Signals as Vectors

2 9-MarSystems: Linear Differential Systems
3 14-MarjSampling Theory & Data Acquisition

21-MarDiscrete Time Analysis & Z-Transform

& 23-MarSecond Order LTID (& Convolution Review)
28-MarFrequency Response

30-MarfFilter Analysis
6 4-AprDigital Filters (IIR) & Filter Analysis

6-AprDigital Filter (FIR)
11-AprDigital Windows

13-ApfFFT

18-Apr|
20-Apr| Holiday
25-Apr

8 27-AprActive Filters & Estimation

2-May|Introduction to Feedback Control

4-May|Servoregulation/PID

9-May|PID & State-Space

11-May|State-Space Control

16-May|Digital Control Design

18-May|Stabilit

23-May|State Space Control System Design

25-May|Shaping the Dynamic Response

30-May|System Identification & Information Theory
13 1-JunSummary and Course Review
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Lecture Schedule:

Week Date ‘

Lecture Title

28-Feb‘lntroduction

2-MarSystems Overview.

5 7-Ma%5ystems as Maps & Signals as Vectors

9-MarSystems: Linear Differential Systems

14-Ma]

pling Theory & Data Acquisition

16-MarjAliasing & Antialiasin;

%#

21-MarDiscrete Time Analysis & Z-Transform

& 23-Mar|Second Order LTID (& Convolution Review)
5 28-Mar|Frequency Response
30-MarlFilter Analysis

6 4-Ap%Digital Filters (IIR) & Filter Analysis

6-ApnDigital Filter (FIR)

7 1 I»ApgDigital Windows

Holiday

)Active Filters & Estimation

ion to Feedback Control

23-May/State Space Control System Design

25-May|Shaping the Dynamic Response

30-May|System Identification & Information Theory

13-AprlFET
18-Ap
20-Apr|
25-Apr]
8 27-Ap
Y 2-Mayll
4-May|Servoregulation/PID
10 9-May|PID & State-Space
11-MayState-Space Control
1 16-May|Digital Control Design
18-May|Stability
12
13

1-JunSummary and Course Review

Follow Along Reading:

B. P. Lathi
Signal processing
and linear systems

1998
TK5102.9.1.38 1998

G. Franklin,
J. Powell,

M. Workman
Digital Control

of Dynamic Systems
1990

TJ216.F721990

[Available as
UQ Ebook]

Today

. Everything in Lectures! ©

. Lathi:
- Ch. 5: Sampling
- Ch. 7: Frequency Response and Analog Filters
- Ch. 8: Discrete-Time Signals and Systems
- Ch. 12: Frequency Response and Digital Filters
- Ch. 13: State-Space Analysis

. FPW:

Ch. 2: Linear, Discrete, Dynamic-Systems Analysis: The z-Transform

Ch. 3: Sampled-Data Systems

Ch. 4: Discrete Equivalents to Continuous Transfer Functions: The Digital Filter
Ch. 5: Design of Digital Control Systems Using Transform Techniques

Ch. 6: Design of Digital Control Systems Using State-Space Methods

. Final Exam 2015

Final Exam 2016 ©

Review Materials at:

http://robotics.itee.uq.edu.au/~elec3004/tutes.html#Final

Next Time



https://library.uq.edu.au/record=b1604253~S7
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#FPW
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#FPW
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#FPW
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#FPW
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#FPW
http://library.uq.edu.au/record=b2013253~S7
http://robotics.itee.uq.edu.au/~elec3004/tutes.html#Final

Final Exam Information

« Date: Saturday, June/10

(remember buses/parking on Saturday schedule)

* Time:
4:30-7:30 pm

+ Location:
Connel Gym
(Bldg. 26 Next to UQ Centre)

» Parking:
Try Conifer Knoll (maybe!)
(It’s harder than the exam! ©)

* UQ Exams are now “ID Verified”
=>» Please remember your ID! €

O

ELEC 3004 Final? Review
Tuesday, June 6

* 4-6 pm

* In: 8-139
(Tuesday Lecture Spot/Thurs. Lecture Time)

Thursday, June 8

* 9a-12 noon

* In: 50-T203

« EBESS BBQ Afterwards

» Review Notes (Summarized from Course Textbooks)
ehttp: //robotics.itee.ug.edu.au/~elec3004/tutes.html



http://robotics.itee.uq.edu.au/~elec3004/2014/lectures/SomeReviewNotes.ELEC3004.pdf
http://robotics.itee.uq.edu.au/~elec3004/2014/lectures/SomeReviewNotes.ELEC3004.pdf
http://robotics.itee.uq.edu.au/~elec3004/2014/lectures/SomeReviewNotes.ELEC3004.pdf
http://robotics.itee.uq.edu.au/~elec3004/tutes.html

Final Exam Information

» Section 1:
— Digital Linear Dynamical Systems
— 5 Questions
— 60 Points (33 %)

» Section 2:

— Digital Processing / Filtering of Signals

— 5 Questions
— 60 Points (33 %)
+ Section 3:
— Digital & State-Space Control
— 5 Questions
— 60 Points (33 %)
« Online materials:

=» Supplied Equation Sheet
=» Some Review Notes

7|

School of Information Technology and Electrical Engineering
EXAMINATION

@ THE UNIVERSITY e
OF QUEENSLAND ot i
S0 i

ELEC3004 Signals, Systems & Control

Fun Fact: With this, 45% of the exam is already “public” ©

Announcements

ELEC 3004 Grading:

* We’re working on it!

 You can preview grades

by completing peer reviews.

Please don’t make this
our fate in ~2 weeks!
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AKA ELEC 3004:

What do | need to
know about *.* 2?77

ELEC 3004: Systems
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PS 2

ELEC 3004 / 7312 - Systems: Signals & Controls 2017
Problem Set 2: Sampling and Filters (Digital & Analog)

Total marks: 100 Due Date: May 2, 2017 at 23:59 AEST fend of week §++]
Mo T, asmgreve 4 wah 29% of o e Goone ma Paass S8 aoeam v ESTLTLY SAANR. PSS
cqern.

Mekrms g of harweben e x e o sty ety B Aube wu specsicnly caboues, Tha e &
sty

7L b are el 38 11 e et e

Thank oo, )
Questions
Explain your soutons 3s # you are trying 1o tesch  pear. Demonsirate your insght and

understaredng.
xplarurion i nol acospiable. Marks may ba fecuced 4 an answer i of poor cualty, demonsirates
aungecstandng

W effort or signficant me
Q1. An ez Transformation into Problem Set 2 120 points|
This peoblem Jooks a1 the =-Transform, its region of convergence and its properties.
To begin, tak consider the following system and its = Transform
[ g () -
(a1 Assue 7 (0] = 0" 1] g e 0] = 8] ~ a [ ~ 1]

What are the.
(i, what are X

ansforms of + |12, # [n] ang v [n]
H 2] and ¥ [#ly2 What s the region of coavergence of ¥ [2]2

(b) Derivative Probleas
One salation, problem, Starting wit na)
Wit is the =-Transform of the derivative of the inpt stae (i.c.. " [7]7

(©) Are =-Transforms Unique?
Consider a pew given z-Transform for a signal Xc (<],
s he inverse (76 (7] signal unique?

Meaning is it possiblc 10 have snother sigral fcall it
= Transform, but

1) that s the same.

(@ DTFT It
‘Consider the following =-Transform of a new given signal

T30 rars
Piease find the DTFT at the Nyquist Rate (§2 = ),
(Assume, if noeded. nommalized or unit ssmpling

ELEC 3004: Systems
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ELEC 3004 / 7312 - Systems: Signals & Controls 2017
Problem Set 3: Digital Feedback Control

Total marks: 75 e Date: Friday, June 2, 2017 at 23:39 AEST [end of week 13]
Wot: T agprert (o o 205 of o ol coeve ot Py s aspwes v Bl Gokonn, ek
ey s donchy o 20 b

Scaret e o et pwgs 9T % Cledty el e et i sy apowse. T ade
s

[ ———— e
Thunk o )

01 008 out of the 4 choice). H ol four
Guessans are submilied, I fulors wil only maark i choser af candom.
Thus, of thess, three questions should be answered

a5 This
Q1. State Space Delivers (Ouiputs) (2% puints|
This or Vo his plese:
conskder  disceete-timne LTI system given by:
20 0
A_[I'\] B'[|] c=[o1] D=

2
L Y R ——

() Phease find the output in the Laplsce Doenain (e, Y (5))
frint: ¥ (5] = G () x (0) + [C# () B+ DI F (s}

() Please find the output in the 2-Domsain (i.
fhint Y[z = C(1=27'A) 'z o] + H

Y[
[ F ey

(€} Phease find the oulput in the Discrete- Tame Dormain (i.e., % (K]

¥k = CA*[0]+ 3 CA* VB [j] + Df
int = 1

[Texthoak (Lathi) Reference Natc; T
The exuations i the above hintsare Eq

bussed o Lathi, Question 136-1
37, 13,103 and 13.94 respetively]
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To Review:

Back to the Beginning...Lecture

Systems
Signal Abstractions .
Signals as Vectors / Systems as Maps .

Linear Systems and Their Properties .
LTI Systems .
Autonomous Linear Dynamical Systems ¢

Convolution .
FIR & IIR Systems .
Frequency domain .
Fourier Transform (CT) .
Fourier Transform (DT) .

Even and Odd Signals
Likelihood *
Causality

Impulse Response
Root Locus
Bode Functions *

Left-hand Plane

Frequency Response

| Slide 27

Controllability and state transfer
Discrete Time . Observability and state estimation
Continuous Time
+  And that, of course,
Laplace Transformation Linear Systems are Cool! @
Feedback and Control

Additional Applications

Linear Functions

Linear Algebra Review
Least Squares

Least Squares Problems
Least Squares Applications

Matrix Decomposition and Linear
Algebra

Regularized Least Squares

Least-squares

Least-squares applications
Orthonormal sets of vectors
Eigenvectors and diagonalization
Linear dynamical systems with inputs
and outputs

Symmetric matrices, quadratic forms,
matrix norm, and SVD

Lots of Stuff To Cover...

AKX

C RS-

LR >R

ACEEA AN N

o

Systems
Signal Abstractions v.
Signals as Vectors / Systems as Maps .

v

Linear Systems and Their Properties v.
LTI Systems “-
Autonomous Linear Dynamical Systemi/-
Convolution v.
FIR & IIR Systems

Frequency domain

Fourier Transform (CT)
Fourier Transform (DT)

Even and Odd Signals
Likelihood
Causality

> X% Ux < S S

Impulse Response
Root Locus
Bode Functions

xS, S

Left-hand Plane

Frequency Response

v Controllability and state transfer
Discrete Time . Observability and state estimation
Continuous Time

5 . And that, of course,
Laplace Transformation Linear Systems are Cool! @
Feedback and Control

Additional Applications

Linear Functions

Linear Algebra Review
Least Squares

Least Squares Problems
Least Squares Applications

Matrix Decomposition and Linear
Algebra

Regularized Least Squares

Least-squares

Least-squares applications
Orthonormal sets of vectors
Eigenvectors and diagonalization
Linear dynamical systems with inputs
and outputs

Symmetric matrices, quadratic forms,
matrix norm, and SVD




Review

» What do you think when you see?

yt+2y+3y=u

» System? . Joy?
« ODE?  Excitement?
 Linear Algebra? « Shock and Awe??

Linear algebra provides the tools/foundation for
working with (linear) differential equations.

Signals & Systems

Linear algebra provides the tools/foundation for
working with (linear) differential equations.

« Signals are vectors. Systems are matrices.

y = F'x + Gu




Linear Systems

ELEC 3004: Systems

| June 2017 - 19

Linear Systems in |-Slide

F(.. .)=Tystem

signal

(i

F(x)

sigpal
B

 Signals Are Vectors

« Systems Are Matricies

10



Linear Systems

« Model describes the relationship uR) y(x)
between the input u(x) and Input output
the output y(X) E(x :

« Ifitisa Linear System (wk 3): )

t

y(t)zl/OF(t—T)u(T)dT

« Ifitisalsoa (Linear and) lumped, it can be expressed algebraically as:

i(t) =AMz @)+ B®)u(t)
y (1) =C e (®) + D) u)

« Ifitisalso (Linear and) time invariant the matrices can be reduced to:

i (t) = Az (t) + Bu (t)
y(t) = Cz () + Du(t)

Paplacian: y(s) = F (s)u(s)

WHY? This can help simplify matters...

For Example: Consider the following system:

H H H H 1
0 100 200 300 400 500 600 700 800 900 1000

» How to model and predict (an%l control the output)?

Source: EE263 (s.1-13)

11



This can help simplify matters...

- H i i H H H
0 50 100 150 200 250 300 350
T T T T T

H H
100 300 350
T

200 250 300 350
200 250 300 350
of- : A
5 H i i H i i
1] 50 100 150 200 250 300 350
o T T T T T T
ok - -
\ i -~ Source: EE263 (s.1-13)
02 H : H H H H
0 50 100 150 200 250 300 350

This can help simplify matters...

 Consider the following system:

= Auwx, y==Cux

« X(t) € R8, y(t) € R - 8-state, single-output system
« Autonomous: No input yet! (u(t)=0)

Source: EE263 (s.1-13)

12



System Classifications/Attributes

1. Linear and nonlinear systems
Constant-parameter and time-varying-parameter systems

Instantaneous (memoryless) and dynamic (with memory)
systems

Causal and noncausal systems
Continuous-time and discrete-time systems
Analog and digital systems

Invertible and noninvertible systems
Stable and unstable systems

w N

O No gk

Types of Linear Systems

 LDS: .
x(t) =A()z(t) + B () u(t)
y () =C @)z () + D () u(t)
To Review:
+ Continuous-time linear dynamical system (CT LDS):
{i;: = A(t)x(t) + B(t)ul(t). y(t) = C(t)xz(t) + D(t)u(t)
t € R denotes time
X(t) € R" is the state (vector)
u(t) € R™ is the input or control

y(t) € RP is the output

13



Types of Linear Systems

 LDS:

z(t) =A)z(t)+B{)u(l)
y (1) =C )z )+ D) ult)

A(t) € R™" is the dynamics matrix

B(t) € R™™M is the input matrix

C(t) € RP*" is the output or sensor matrix
D(t) € RP*™ js the feedthrough matrix

=> state equations, or “m-input, n-state, p-output’ LDS

Types of Linear Systems

« LDS:
w(t) =A)z(t) + B(t)u(t)
y () =C )z (t) + D (1) ult)

« Time-invariant: where A(t), B(t), C(t) and D(t) are constant
« Autonomous: there is no input u (B,D are irrelevant)
* No Feedthrough: D=0

+ SISO: u(t) and y(t) are scalars
* MIMO: u(t) and y(t): They’re vectors: Big Deal ?

14



Discrete-time Linear Dynamical System

 Discrete-time Linear Dynamical System (DT LDS)
has the form:

z(t+1) = A(t)z(t) + B(t)u(t), y(t) = C(t)x(t) + D(t)u(t)

t € Z denotes time index : Z={0, £1, ..., £ n}

X(t), u(t), y(t) € are sequences

Differentiation handled as difference equation:
=> first-order vector recursion

Discrete Variations & Stability

y(s) = F(s)u(s)

« Is in continuous time ... e SISO to MIMO

« To move to discrete time it is — Single Input, Single Output
more than just “sampling” at: — Multiple Input, Multiple Output
2 x (biggest Frequency) . BIBO:

— Bounded Input, Bounded Output
» Discrete-Time Exponential
» Lyapunov:
F(t) — F [kT] — Conditions for Stability
ﬁ L => Are the results of the system

el — y asymptotic or exponential
1 __
T — In Y

15



Linear Systems

Linearity:
* A most desirable property for many systems to possess

« Ex: Circuit theory, where it allows the powerful technique or
voltage or current superposition to be employed.

Two requirements must be met for a system to be linear:
 Additivity
» Homogeneity or Scaling

Additivity U Scaling =» Superposition

Linear Systems: Additivity

+ Given input x4 (t) produces output y,(t)
and input x, (t) produces output y,(t)

« Then the input x; (t) + x,(t)
must produce the output y; (t) + y,(t)
for arbitrary x, (t) and x, (t)

« EXx:
— Resistor
— Capacitor
* Not EX:
- y(t) = sin[x(t)]

16



Linear Systems: Homogeneity or Scaling

» Given that x(t) produces y(t)

» Then the scaled input a - x(t)
must produce the scaled output a - y(t)
for an arbitrary x(t) and a

« EXx:

- y(8) = 2x(t)
* Not Ex:

- y() = x*(t)

-y(t)=2x(t)+1

Linear Systems: Superposition

+ Given input x4 (t) produces output y,(t)
and input x, (t) produces output y,(t)

» Then: The linearly combined input
x(t) = ax,(t) + bx,(t)
must produce the linearly combined output
y(t) = ay,(8) + by,(t)
for arbitrary a and b

e Generalizing:
— Input: x(t) = ¥ arx(t)
— Output: y(t) = ¥ axyk(t)

17



Linear Systems: Superposition [2]

Consequences:

 Zero input for all time yields a zero output.
— This follows readily by setting a = 0, then 0 - x(t) = 0

DC output/Bias = Incrementally linear

Ex:y(t) = [2x(t)] + [1]
Set offset to be added offset [Ex: y,(t)=1]

x(1) | Linaar wit)

— (!
system \ l / vin

f 1

¥olt)

Dynamical Systems...

+ A system with a memory
— Where past history (or derivative states) are relevant in
determining the response

Ex:

— RC circuit: Dynamical
* Clearly a function of the “capacitor’s past” (initial state) and
» Time! (charge / discharge)
— R circuit: is memoryless “ the output of the system
(recall V=IR) at some time t only depends on the input at time t

Lumped/Distributed

— Lumped: Parameter is constant through the process
& can be treated as a “point” in space

Distributed: System dimensions # small over signal

— Ex: waveguides, antennas, microwave tubes, etc.

18



Causality:
Looking at this from the output’s perspective...

» Causal = The output before some time t does not depend on
the input after time t.

Given: y(t) = F (u(t))
For:
a(t)=u(t),v0<t<Torl[0,T)
Then for a T>0:
—gt) =y (), vVO<t<T

then:
t |

| | Lediaen
,, o . f
| a Ly | ¥
.

Causal Noncausal

else:

Systems with Memory

« A system is said t have memory if the output at an arbitrary

time t = t, depends on input values other than, or in addition
to, x(t,)

 Ex: Ohm’s Law
V(to) = Ri(to)

* Not Ex: Capacitor
t

1
V(ty) = Ef i(t)dt

19



Time-Invariant Systems

+ Given a shift (delay or advance) in the input signal
» Then/Causes simply a like shift in the output signal

« If x(t) produces output y(t)
« Then x(t — ty) produces output y(t — t,)

« Ex: Capacitor
.« V(te) =< [ it —ty)dr
=" limdr

:V(t - to)

Time-Invariant Systems

« Given a shift (delay or advance) in the input signal
« Then/Causes simply a like shift in the output signal

« If x(t) produces output y(t)
« Then x(t — t,) produces output y(t — t,)

¥ty === yit=1ty)
Shift

v

System

v

x{1)

®(t = tg) }’ru[”
System |p—

Shift

v
v




Recap: Linear Systems

Model describes the relationship
between the input u(x) and

the output y(X)

If it is a Linear System (wk 3):
T
y(t) = /O F(t—7)u(r)dr

If it is also a (Linear and) lumped, it can be expressed algebraically as:

Haplacian: y (s) = F (S) u (3)

u(x)

input

i(t) =AMz @)+ B®)u(t)
y (1) =C e (®) + D) u)

If it is also (Linear and) time invariant the matrices can be reduced to:

i (t) = Az (t) + Bu (t)
y(t) = Cz () + Du(t)

y(x)

F(x)

output

Equivalence Across Domains

Table 2.1 Summary of Through- and Across-Variables for Physical Systems

_System

Electrical

Mechanical
translational

Mechanical
rotational

Fluid

Thermal

Variable Integrated Variable Integrated

Through Through- Across Across-

Element Variable Element Variable )

Current, i Charge, g Voltage Flux linkage, Ay,
difference, v,

Force, F Translational Velocity Displacement

Torque, T

Fluid
volumetric rate
of flow, Q

Heat flow

rate,q

momentum, P
Angular
momentum, /

Volume, V

Heat energy,

H

difference, vy
Angular velocity
difference, ,

Pressure

difference, Py,

lemperature
difference, 75,

difference, y;,
Angular
displacement
difference, 65,
Pressure
momentum, Y,

Source: Dorf & Bishop, Modern Control Systems, 12" Ed., p. 73

21



Table 2.2 Summary of Governing Differential Equations for Ideal Elements

of Physical Governing Energy E or
Element Element Power % Symbol
di b § L ;
Electrical inductance e =LY E=5LP vy oo,
" 2 1 dF 1F L
‘Translational spring vy = ey E= 2% uzm'o'_. F
Inductive storage i
Rotational spri =14 =1L N
otational spring on = va “=3% @y oYY M\ op 1
I aQ I
Fluid inertia Py =170 E= EIQZ Pyl YYY 2 P,
n o _ qdvy o ic
Electrical capacitance i=C o E= in;. u o—»—i ‘—o vy
d 1
Translational mass F=M22 E = +Mv? Fso— il -
di 2 constant
d 1 5 —»—. o -
Capacitive storage Rotational mass T= .IA;—:é E= -l T @, w‘::m
dP. 1
Fluid capacitance Q= C’Tug =5GPt 2T Py
d7;
Thermal capacitance q= C,T: E=CH q 91 7, =
constant
" " | 1 5 R i
Electrical resistance i= E”" P = EUZ' V3 —AAA—+—0 |
. ! e 2
Translational damper F = byy, P = buy F o L’ u
Energy dissipators Rotational damper T = bay P = bwy? T ]b o
Fluid resistancs =il e=Lpy R o
Ry Ry Py o AAA—— P,
Thermal resistance - #=Lg, P
R R T3 ~AAA—— T,

ELEC 3004: Syste!

Source: Dorf & Bishop, Modern Control Systems, 12t Ed., p. 74

| Ju

017 - 43

Motors

ELEC 3004: Syste I June 2017 - 44

Reference
field

'5-; DC motor, field-controlled, rotational actuator

806) _ Kn
Vi(s)  s(Js + b)(Lgs + Rp)

0(s) = Ky
Vi(s) s(rs + 1)
T =J/(b - m)

m = slope of linearized torque-speed
curve (normally negative)

22



First Order Systems

First order systems

ay' +by =0 (with a #0)

righthand side is zero:
e called autonomous system

e solution is called natural or unforced response
can be expressed as
Ty +y=0 o y +ry=0

where
e T'=ua/bis a time (units: seconds)

e v =Dhb/a=1/Tis a rate (units: 1/sec)

First Order Systems

Solution by Laplace transform

take Laplace transform of 7'y’ + y = 0 to get

T(sY(s)—y(0))+Y(s) =0
e —

L(y")

solve for Y'(s) (algebra!)

Vig)e Ty(0) y(0)

sT+1 T s 4 l/T

and so y(t) = y(0)e= /T

23



First Order Systems

solution of Ty +y = 0: y(t) = y(0)e /T

if T' > 0, y decays exponentially

e T gives time to decay by e~ ~ 0.37
e 0.693T gives time to decay by half (0.693 = log 2)
e 4.67" gives time to decay by 0.01 (4.6 = log 100)

if T'< 0, y grows exponentially

e |T| gives time to grow by e ~ 2.72;
e 0.693|T| gives time to double

e 4.6|T| gives time to grow by 100

Second Order Systems

Second order systems

ay’ +by' +ey=0

assume a > () (otherwise multiply equation by —1)

solution by Laplace transform:

a(s2Y (s) — sy(0) — y'(0)) + b(sY (s) — y(0)) + Y (s) =0

Liy") L(y)

solve for Y (just algebral)

v asy(0) + ay'(0) + by(0) as+ 3
(8) = as? 4+ bs + ¢ T as2+bs+ e

where oo = ay(0) and 3 = ay'(0) + by(0)

24



Second Order Systems

so solution of ay” + by +cy =0 is

et (L XSTP
y(t) ((,52 +bs +c

o \(s) = as? +bs + cis called characteristic polynomial of the system
e form of y = £L7(Y) depends on roots of characteristic polynomial

e coefficients of numerator as + 3 come from initial conditions

Signal Terminology

ELEC 3004: Systems

| June 2017 - 50
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Unit Step Function

0,t<0
* u(t)={1 t>0

“Rectangular Pulse”
e p(O) =u@®) —ul-T)

pit)

Unit-Impulse Function

1. 8(r) = 0 for ¢ # 0.
2. &{r) undefined forr = 0.

iz 1, if 20 <t
lj 6(4*)(1*:--—-{ B 5= &

{.  otherwise.

a1

o]
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Is 1t Useful?

Yes.

(For example ... Next Year - ELEC/METR 4810)

ELEC 3004: Systems | June 2017 - 54
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It Can Rock Your boat Gently Down | he Stream:

IMU Deaduced Reckonlng (Navigation)
S i B |dea: Integrate your motion (twice for
| ¥ — x and once for 6 — )
= Problem:
(DC) bias in accelerometer > drift
Solution:

— * |IR Bandpass filter (0.1-10 Hz)

A= [1.0000 -5.8235 14.1332 -18.2966 13.3259 =-5.1772 0.8382];
B = [0.9155 -5.4933  13.7331 -18.3109 13.7331 -5.4933 0.9155];

It Can Rock Your boat Gently Down | he Stream:

IMU Deaduced Reckonlng (Nawgatlon) [2]

Raw Puosition
E 1000 B P
o
o
c
=
1] : :
= L i i
] 50 100 150
Time (s)
Matlah Filtered Position
= i il f m | :
2 t}
il & :
o] : :
o 002 . ! !
0 50 100 150
Time (s)
Custom Filtered Positian
T o . :
H : '
Y Y T e
5 :
o] :
& 00z . L !
0 50 100 150
Time (s)

&
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Today’s Lecture is Brought To You By the Number 5

ELEC 3004: Systems | June 2017 - 57

SECAIS:
Let’s look back at the topic list from Lecture |

The course is has a huge mandate:

» Itisreally 3 - ' courses in one !
— Linear Systems
— Signal Processing
— Controls & Digital Controls

e ~tisb r o a d !l

« There is alogic to it
— They share the same
mathematical nature (poles & zeros)
— The math is common
to more than just circuits!

29



Lots of Stuff To Cover...

. Systems v’ Controllability and state transfer
v Signal Abstractions v. Discrete Time . Observability and state estimation
v Signals as Vectors / Systems as Maps . Continuous Time
v v v. And that, of course,

v . . '
o Linear Systems and Their Properties v, Laplace Transformation Linear Systems are Cool! ©

P LTI Systems . Feedback and Control
(%4 v
Autonomous Linear Dynamical Systemi/- Additional Applications

. 4 . .
«  Convolution . Linear Functions
¥ FIR & lIR Systems e Linear Algebra Review
5 Frequency domain v Least Squares
v Fourier Transform (CT) v Least Squares Problems
x Fast Fourier Transform (DT) x° Least Squares Applications
v Matrix Decomposition and Linear

«  Evenand Odd Signals Algebra
S Likelihood X. Regularized Least Squares
v Causality v

. Least-squares

. Impulse Response v Least-squares applications
¥ Root Locus ‘/- Orthonormal sets of vectors
v Bode Functions WAl Eigenvectors and diagonalization
v v Linear dynamical systems with inputs
‘} Left-hand Plane v and outputs

Symmetric matrices, quadratic forms,

matrix norm, and SVD
Frequency Response

O

Yes, this is a Theoretical Approach! Why?

» Theory wins because the importance of any one
application seems limited

* Breath
— Books, books, everywhere, yet we’re all on Wikipedia!!

« Assumptions:
— Numerous conditions that need to be remembered

 Tacit Details:
—>The need for examples (but these are few and always seem the same)

» Time consuming




“4” |s Average

« Whatisa3?

LGl

SECaTs: Some Lessons in the Works for Next Year

« | shall only use my own slides

+ Less is more!
— Smaller assignments
— More time for Examples

* Better organization
— Better tutorials
— More examples!!
— I get that. But, we’ve come a long way

=» To make this happen | need your support!

31



Now, What’s Next?

ELEC 3004: Systems | June 2017 - 63

Computer Aided Surgery: R/C Toolholders?

=>» Move in tandem with heart: Cardiac procedures without stopping it
« Unstructured environment (patient) makes this harder

32



Modern (Tele)Surgical Robotics:

« Biomechanics approach: Predict expected tissue trajectories
 (Stochastic) Robot Motion Planning / Control Methods!

ARC DP160100714

ELEC 3004: Systems I June 2017 - 65

Computer Aided Surgery: “Soft” is “Hard”!

ELEC 3004: Systems I June 2017 - 66
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Research: Incorporating Stiffness (Haptics):

Visual Deformable Object Analysis
ﬁ z(u,v,n)

~f— OBSERVATION

STIMULUS

> d(t)

e

DECISIONS

OPTICAL MATCHED

I, L STATS FLOW

Dansereau, Singh, Leitner, ICRA 2016

lceberg to Titanic: Take Advantage of Information

« 30 Min/Day Talking on Phone
— 5.5 days/year of audio samples
— Track this (notably the pauses)
over time to detect onset of
dimentia

150 Photos/Month

34



How?

» More Signals

+ Stochastic Processing
(Think TAPIRY!)

Ehe New Pork Eimes o iyt a2y

SundayReview | ormmc
The Tampon of the Future

LGl

Robotics & Health: A Friendly Touch!

35



What’s Next?

+ METR 4202:

 ELEC/METR Programs

ELEC3004
Signals, Systems and
Control

}

ELEC4630 ELEC4620
image

Proceseng & igialSigral
Computer Plocesing
.......

compaToz

..........
wwwwwwwwwwww

METR4202
Advanced Control &
Robitcs

|

METR4201

Introduction to
Control System
B

ELEC 3004: Systems

\WLHEES

... a Signal?

| June 2017 - 72
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00HZ 1M Z00M 300Kz z 6 000HI 1400z Z000Mz  3000HZ 5000HZ 7000Hz S200%2  13000HZ

Cursor 496 Hz (B4

-

Functen:  [Gausson(a=2
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e e e T ey ———— T )
e - ———————— T
1

aftacca
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 Now Finélly Some Philosophy ;
Systems: Signals, Controls... Yearn Fundamentally!

If you want to build a ship, don't drum up the
ther wood, divide work
Instead, teach them to yearn for the vast
and endless sea.

dom of the Sands
-aphic. Mount Everestat night
he headlamps of oth

| June 2(

Next Time...
* There is no next time! ©

Week | Date Lecture Title
28-
2-MarfSystems Overview

7-MarfSystems as Maps & Signals as Vectors

9. Linear Differential Systems
14-Marls: Theory & Data Acquisition
16-MarlAliasing & Antialiasing
21-MaDiscrete Time Analysis & Z-Transform
23-MarlSecond Order LTID (& Convolution Review)
28-MarjFrequency Response
30-MarfFilter Analysis

4-ApfDigital Filters (IIR) & Filter Analysis
6-ApiDigital Filter (FIR)

11-ApfDigital Windows

13-ApfFFT

18-Ap
20-Ap Holiday
25-Api

1

2

8 27-ApriActive Filters & Estimation

2 to Feedback Control
4
9-MaylPID & State-Space

11-MaylState-Space Control

16-May|Digital Control Design

18-MayStability

23-MayState Space Control System Design
25-May|Shaping the Dynamic Response

30-Maylsys fication & Information Theory

1-JunSummary and Course Review
* We’re at the End. 1t’s (the) final!
» Thank you folks!
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