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Mobile Robots : levels of control
- -

Brushed Df Motor

gyorgy
start

assume current is input
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-
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motor velocity '
- w i → (Its→

w

ODE (newton 's law
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moment of inertia

of load

+ quo
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Kt
HGS .-

JLS t q



current motor speed controller current

§ motor
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not a good input
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Mogel i given wheel speeds, what are the robot

⇐e.) 9k£f- profiteers (Tn)
Kigali Model (as opposed to a dynamic model)
↳ the study of motion without regard to the forces
that case it

Robotse : position and orientation

,

t
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v. Law ]



Robot cartoons
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Robot Velocities

Top View
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Ayotte- Model takes robot velocities to robot pose
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Still kinematic as -0

i¥÷! ?
..

; s flx, u)



is ÷:3 ¥3
= (Y Ju , t ( 8.) u, drift free attire state space
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control vector
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every state is an equilibrium point !

(atire system with drift)
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I¢ Into Lineage

# ×⇐ fun) . II!:) good robot
pose

x.is#i:.t.?&k....u..o
is
. :o÷÷%÷¥÷E÷÷i: :X

...

Esl : xtl ! :p



Isl : xtl ! :p .
Check controllability
-

-

Q :( B AB A'B)
i. LIE ! ! ! !) ⇒ raiesz ⇒ not controllable

Original nonlinear system , is it controllable
? Yes !

But - linearization is not controllable !

And - dimension of control space is 2

←
"not altogether

dimension of state
space is 3

lawful
"

2<3

⇒ there is a non holonomic constraint .
⇒ the system is under actuated ,
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Intuitively z
-
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d = Nz cos q ( s in a e - m cos ae )
m = ft s tonne = sine

cos de
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what if trajectory is not a line ?

Try a c. role

t"
Is there an equilibrium trajectory ?
start at

×
.

.
. a)

make Uf f O constant



Is thee a constant w that keeps robot or circle ?
Yes ! what is it?

circumference of circle ! Zor
forwad velocity is v f

distance = rate x time

⇒ time to complete the circle is ten.

⑤ =w=
,

= Nff

Ego . t.br , um trajectory--
' '

+
.
!o constant input ⇒(III)
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Ad Hoa
T Uf constant

conceptually

) not "

:::: :::÷t If:
P controller ?

w s Kp ( R- r)
tune Kp by trial and error

} There might be overshot

§ I add a D term

w s Kp (R-r) t ke EsB 401
b



Pure Pursuits → ① project robot position onto path--

③ look ahead on the bath by some| ③ East:
a.. that hits lookahead

point
-
④ start following arc

to
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Outer Loop (LQR)

TwoThings

① How do
,
-0 → x

, y
from front nty & causes acceleration in the (sort of)

f¥¥q↳
-

↳ direction

Th

from

side zµT" -0 cause acceleration in the (sort of):*
⇐,•

+ "
f
direction

Hg
Xg



③ Xr - yr
ad ×

, , y are not the same thing !
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Rotation d.Eterna between r and q coordinates
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frame
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Outer loop controller qgQCx.n9Y@Cxr.yr)
I

e

:

3 Take Home Messages
① Loops within loops

② Decoupling (combination of intuition and math)

③ control methods can be different
←


