Today: State Space: Matrix Equations Lecture 9

ECE HM/D
Digital Control
Reading: FPW 6.1 Midderm,  was— o\ Foes)
or: FV7.6,7.7 Now Feb. 14 (Thws\
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Topics: - Controls overview (high-level viewpoint)
- State Space Equat'l ons
- Numerical approxs: NOW VIA MATRIX EQNS!!
- ZOH effect: NOW VIA MATRIX EQNS!!
- MATLAB commands (in the land of state space...)
- Review for Midterm (to be continued...)
- Midterm evaluations
Next Class: Midterm Review and Midterm Course Evaluations.
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- Review all material to date, especially class handouts




Controls Overview: Why “State Space”?

Controls techniques can be grouped, broadly-speaking, into one of two camps:
1. Transform Methods (i.e., using Laplace, Z, and/or Fourier transforms)

2. State Space Methods

Here, at mid-term in 147B, we cross over from 1 to introduce 2.

But first, an overview in: Approaches to Control (..state space vs transforms...)

“Classical Control” “Modern Control”
(aka Transform Methods) (aka State Space Methods)

Transforms allow one to understand and Matrix equations allow for multi-input

manipulate dynamics “intuitively”. multi-output (MIMO) control.

e.g., Root locus, Bode, Nyquist, “Direct e.g., Pole placement, linear quadratic
Design” in z domain, etc. regulator (LQR) control, etc.

Can do calculations BY HAND. COMPUTERS make this a practical

approach, as system complexity goes up.

But normally used for single-input
single-output (SISO), rather than MIMO. (But not as “intuitive”...)




Recall our motivation for learning digital control...

« We want to use computers to control cool stuff in the
: ;% ?g-\! '.--

real world... MIMO control needed. !
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* ..s0, where did Modern Control all begin???



state Space Equations

1957: The space race is off! Dawning of the age of
“Modern Control” - aka “State Space Methods”.

1957 Computers: IBM switches from vacuum tubes to transistors.

1957 Space Sci.:  Sputnik orbits earth!

1957 Rockets: R7 launch vehicle (for Sputnik). Gateway to ICBMs... “Rocket science”
1957 Defense: ARPA (now “DARPA”) founded.

Sputnik 1 8K71PS

Sputnik (PS) launcher

[replica, Air and Space Museum] 1957 Sputnik 2 [with stray-dog “hero” Laika]




Matrix form Equations of Moﬂon
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1. “State space” egns (aboye) describe LINEA time-invariant (LTI) dynamics.
C onSt. Cueﬁp %W‘hd X

2. An n'h-order system has n STATES (in vecfor X).
— e ey

3. There will be n “state equations” to represent n*"-order dynamics.

4. The number of outputs, m, in output yector Y may be less than, equal to, or
greater than the number r of states, n, in X.




Matrix form Equations of Motion
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Toy example 1: (15t-order system)
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Matrix form Equations of Motion (cont..)

Toy example 2: (Z“d order system) NU\‘Q oW\ %—L
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State Space: Introduction

Often, one can use MULTIPLE definitions of the “states”, and of course it
doesn't really matter what order you list them in "X"... Just be CONSISTENT!
e.g., same “toy example 2”: (2"9-order system). Let’s swap x1 and x2 within vector X:

Some a8 lagt page, EXCEPT , X, <> X2
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State Space: CT vs UT Block Diagram Form

()= AAX( k3t Bﬂ‘\ wl k)




M(S)  _dste /
(2’3@9({(;'?0* S\S’O;ﬁﬁ- x5 ~ as*tbste STAB(LUTY( From EQL——%;

- horoclensds , o
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STABILITY:
CT (continuous time) DT (discrete time)
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Recall we use Z xforms in 2 ways...

* There are two DIFFERENT ways we will
represent dynamics via DT SS models:

Model ZOH effect! [
(No “choice” here...)

In MATLAB:
c2d(Ps,T,'zoh’)

P(s)

LAW

There is just one

“right way” to do
this! You find an
exact answer to

model the actual

dynamics.
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You choose an
approximation,
from a “menu”.

v

c2d(Cs,T, tustin’)

MENU
-Forward Evler

d*‘rlsc)(- — -Backw. Euler
oleg, C(z) -Tustin
) -P-Z matching
( -Your choice!




$S Representation: Again, we have 2 cases!!!

Case 1: : Case 2:
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Case 1: Numeric Integration
A) Forward Euler [by far the easiest approximation, when done by hand!]
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