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WHAT WE SAW

If the desired wheel angle is a since

wave with frequency w

Edes(t) = a sin (w +)

Then the actual wheel angle is also a since

wave with the same frequency w and with

magnitude and angle that depend on w

g(t) = (some transient response) + m a sin (c+ + 0)
-

decayed to zero

EXAMPLES

w = (2/1) m = 0 . 678 ⑦ -2. 64 ↓ lower
w = (IT/2) m = 1 .79 = - 0.723 S

w = (lt/5) m = 1-09 O = - 0.162



INPUT gdes(t) = a sin (w+)↓
X = Ax + Bu dynamic model

y = (x sensor model

u = - k(X - xdes) controller(c/tracking)
* = A + Bu-L(CE - y) observer

OUTPUT ↓ q(+) = ma sin(w+ + 0) + 1 ... )



X = Ax + Bu dynamic model Model (1)
y = x sensor model

u = - k(X - xdes) controller(c/tracking)
* = A + Bu-L(CE - y) observer

* = Ax + Bu = Ax + B(-k(E -Xes))
= Ax-BK+ BK Yes

= = AE + Bu-L(CE - y) = AE +B(-k(* -xdes)) - L(C - (x)
= LC + (A - Bk- (C) * + Bk +des

BK des11[]IE]"



7)] + [B]* Model (2)(i)
O

the state to track:es
= [i]=75 - Ye]

INPUT : eXdes =

output : ex = [1 ob [6-e = 29]
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↓
single in put

General Result
im = AmXm + BuUm

ym = Cutm+DuUm

↑ single output transientsays to
zero

um(t) = sin(wt) => ym(t) = (00) + 1H)jw/sin (w++ < H(jw))
um() = cos(wt) f ym(H = (000) + (H(jw)/ cos(w+ + <H(jw)

~ ~

magnitude angle
a complex number

↓

H(s) = CIsl-AmYBm + Du
<Transfer FUNCTION

M
-

I another complex number

???



Im ~b2
COMPLEX NUMBERS

tan (a, a

S = (slejs = 1s)(cos((s) + Jsin((s))
cos(wt) - sin(not)
- -

-. Lejut-fit) = ((os(wt) + JSir (ot)) - (cos(- w+ ) + jsin(- w+) (

= (cost+ jsin(ot) - cwt) + jsin(wt) (

=1 (2j sin (wtl(
2j

= sin (rf)



in = AuXm + Buum
WHY ?

Im
= Cuxm + Drum

↓ video on solution to systems with input

M

Ym(t) = (netu+ ym(d) + ( et(t-4)
Buu(5) di

m

↓ video on deriving the transfer function

IF.o o o
some complex number

st
um(t) = e

THEN...

Ym(t) = CreAmt(xm(0) - (sI-AmiBu) sF-Am)"Bu est
-

transient steady-state

↓ video on deriving the frequency response

um(t) = sin(w+) => Ym(t) = (. . .) + t (H(jw) ecot H(ja) ejit,

= (exwt--jwt) = IH(jw) ( sin (ro+ + < H(jw)



BODE PLOTS

1H(jw)) as a function of n both axes on log scale

LHijn) as a function of n w on logscale,
< H(jw) on linear scale

STRUCTURE

H(s) = k

IH(s)) = (k) log(H) = log(k) + log(n(s)) -loy(d(s))
LH(s) = (k + (n(s) - 7d(s)

↑

the Bode plot is the sum and difference of a bunch of simple plots



Converting to/from "decibels" (dB)

absolute dB

M -> 28 log, M

ed
N

18 - m



BANDWIDTH

The frequency w at which 1H(jw) drops

below-bdB .


