
 
What is control theory

Theart of making things do whatyou want
them todo
art in this class parameterized controllers
oralgorithms and ways f tuning those
parameters

things here phenomena that can be
represented with differential equations

what in this class follow some desired
setpoint path or trajectory
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Roadmap
Model ODE

Control design
PID
State feedback
Model Predictive control

Requirements

stability
Lyapunov theory

Discrete time model

Plant

controller



IF f acts acts

sect f alt U t

x t E RN f IR XRM IN This could bewritten as
Short hand si f Niu net feet got

If there is no input
je f x also called autonomous system

e g Uct g sects
si f Niu f Cn g x F a

Example vehidemodet
bicycle Kinematic vehicle
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More generally f any input U IR IRM
se IR IR is a solution of if

214 f Nlt Uct

Definition does not make sense if Uct
is discontinuous

Wehave to be
careful about

accelsolutions

When do they
exist When are they unique

Example si set with a o 1



Example si be has two solutions
seCt O

K Ct 4

Uniqueness is a problem

We will require additional condition on f
DI f IRN IR is lipschitz continuas if FL 0

such that forany pair se se EIR
Il fee feat 11 EL Ila se'll

nor
Example 62 4 j 121 are Lipschitz

all differentiable functions with
bounded derivatives are Lipschitzcontinuous

Non Examples Be N are not Lipschitz

Thy if f Nlt Uct is Lipschitz continuous
in the first argument and Uc is
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piece wise continuous then

Ji f GeCt Uct has unique solutions

Example Pendulum
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When does the pendulum not move

I fox 0 set RHS to
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A state ate R is an equilibrium f
if f at o

Equilibria correspond to the steady state behavior
of the system Lt a sect



Transient behavior is what comes before
steady state Nlt t a

n jTne gap exists
here

tradeoff
more detailed complex intractable
more accurate harder to analyze

In this class we will focus on linearODES

je f Gein ACE act BCE Uct

Any linear function can be represented in this
form f IR X Rm Rn
ACH E IR a matrix the entries
Blt E IR can be functions f time t

Linear time varying system ITV

if Alt Blt are independent f time
then linear time Invariant LTI system



Ee.siT
Open loop control video reference

target position

si f Niu

Controller Plant

Does not use the state of the plant no sensors

Used in Dryer Coffeemachines Volumecontrol inaudio

Emergency stop in vehicle sprinklersystem

input ult fixed as a function f the target
Does not respond to state environment

Feedback gives us better control

Closed loop Feedback control
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Nlt

Controller Plant

Yet SCU H

SensorError feedback control
Define the feedback get as a

scaled version of the error

Uct g n't Nlt K H N t

Proportionalgain For
Intuition if car is really far to the left of the
lane then we would move hard to theright
if it is slightly to the left the we'd
want to move to the right less aggressively

This is also called poporchj.gg gntrol

We can get more sophisticated
o g depend's on the prediction of error

derivative



o g depends on the history of error

PID

ult

Tuning the gains is an art

Example jct ult dot disturbance

I control input
Using only proportional control

We can make the steadystate error small Tko



What is the transient behaviour of the system
Aside

F
se an act no

t

steadystale errors small

slower convergence

Summary
OD Es language for studying Control
Solutions Lipschitz continuity existence uniqueness

Equilibria steadystate transient

Control design

open loop feedback control
P ID design



State Feedback control for linear systems



Path following controller

Consider the stale f the
recall bicycle model amid

jjjÉ jVehicle UpYes GBOB E IR4

Consider a target position
p on a path chosen by
a higher level planner P KB YB 0131433

The error is now a vector
ect Ect Sg t Su t

along track error and cross track error

Distance ahead or behind the target p in

the instantaneous direction of motion
8s Cos 0 Ct X t NBCt SinGBE Yet YBt

cross track error orthogonal to the intended
direction of motion

Sn sin OBCt R Ct XBCts CosOBCt Y Ct

YBCED

Heading error 8 0 1 2 O Ct

Velocity error so Oct V Ct



a throttle we alt 8Ct

8 steering y disturbance

johfe plant PB

Sensor Gps

T noise

Now you can apply PID or stalefeedback
control after linearization

Pure pursuit controller
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This performs PD control to correct

against along track error and
cross track error



Stability


