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Midterm — Nov. 5t
4:10-4:25

Application Laplace Transform and solution of ODEs

State-Space and Exponential Matrix Solutions
Block Diagram Mannipulation
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Linear Differential Equations
A Comparison

y(t) +3y(t) +2y(1) = 0
Try, y(t) = Ce"
C(s*+3s+2)e' =0
=0
51:2:—1.}—2 y(f):CIE_I—FCZE_ZE

Let’s use the controllable canonical form,
X(t) = Ax(t) + butr]

A
xp = ()
X2
Try, x(t) = Cve"

Vector
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Linear Differential Equations
Solution of Forced Systems

0y (s)—>| Gy (s) ~ Yi(s)  Oo(s)——] Gals) > 15 (s)
U (s) > Gi(s) > G (s) >~ Y(s)
U(s) » G(s) = G1(5)G2(s) —— Y (s)
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Linear Differential Equations
A Comparison

X(1) = Ax(t)

x(t) = Cve"

;Z‘J;v}{ = AQ‘VN

Av = sv (Eigenvalue — Eigenvector Equation)
(A—sD)v=0

Non-trivial Solution when,

A—sI| =0
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Linear Differential Equations
A Comparison

A —sI| =

0 1 s 0
EEmE
—5 |

2 3-5 |70
s(3+s)+2=0

s> +3s+2=0  Same Charcteristic Polynomial
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Linear Differential Equations
A Comparison

Let us pick one Eigenvalue, s; = —2, and find the associated v;.

(A—s51D)vi =0
(% L] [ SD[ee
EIRSEH

2(vi)yp+ () = O
“2(vi)y =) = 0

The choices of the elements of v| are not unique.
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Linear Differential Equations
A Comparison

We can pick the following,

[

Therefore, the following 1s a solution,
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Linear Differential Equations
A Comparison

We can do the same thing for the second Eigenvector, v»,

Eigenvalue, so = —1, and find the associated v».

(A —s5I)va =0
(% 5119 S]]
B s

Lv2)y+(va)yp = 0
—2(1’2)[1] — 2(?2)

The choices of the elements of v, are not unique.

g = 0
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Linear Differential Equations
A Comparison

We can pick the following,

[

Therefore, the following 1s a solution,
x(t) =C[ _11 ] e
1 _ | _
w-a[ el ]
Let’s evaluate the initial conditions,

x(0)=cl[ = ]-I—Cg{ N }
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Linear Differential Equations
A Comparison

x(:):q[ _12 ]e—2f+cgl _11 ]e—f

X(O) — M [ C) :| Eigenvector Matrix
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Linear Differential Equations
Controllable Canonical Form (Recap)

d(”)};(r) (n—1) }j(
n 1 u(f) d(n—Z)u 1‘)
= @'n—l 77 (n—1) + qn-2 1 (n=2) gl -+ Q’(}H(I)
O | 0 0 i} m 0
o= ¥ P O x| ° | u)
. —Po —P1 - —Pn-2 —Pn-1 _ L]
y(l‘) — [ q0 41 --- 4n—-2 4n—1 }X(f)
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Observable canonical form

0(5'3 3_0(9-'3 *Sﬂy"{"a:"*

W T &
OA A. 0(‘6’ +g_8)+3\a>—|—‘+‘a — -
A \dx At \
197 !j ﬁlﬁﬁ
% o i: I M.f
%
rxga? i'xa ~x, - X O&‘x( _Sx_+ A
%, = .d_.._t_—\- .7-'3 —f e = 3 gryvs:
x _—0{7‘1 +38 > d?(""__'?("B'a'
\ o(-;t“' A
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Multi-Input Multi-Output (MIMO)
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Practical Issues
Matlab and Simulink

s 4+ 65+ 10 H:H—.D
y(t)

I u(t) °

3
s+Ts+1 Outputl
Input Plant
»(J
Output2

Original System

(~/rmeresearch/matlab/simulink/pid_control.slx)
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Practical Issues
Matlab and Simulink

52 + 65+ 10 ;%—»D
v(t) S+Ts+1 |y

Outputl
Input Plant
» (]
Kp2 Qutput2
Ddlurdtca dYysSIicin
(~/rmeresearch/matlab/simulink/pid_control_with_saturation.slx)
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