

































What is control theory

The art of making things do what you want

art design parameterized controllers

ways of tuning parameters

things physicalprocesses cars circuits

represented by ordinary differential equations
ODES

what you want Requirements invariants
follow a path stay in lanes
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yodeling asystem
Htt Rtt Ut Discrete time model

State t control inputRealdeterministic

More generally net feat uz
automata

I plantmodel
N E IR U E Rm F IR X IRM Rn

The control us is decided based on the
Current state Ue g at

1 Controller g IRM IRME g g del if a x then o

else u I

Plant dynamics

t

controller




































anigginitigen
Really this is relating the rate f change fr
wit time Here x IR Rn is a function f time

isUH g act 2 7

as je fam pi f x get D f'Ca




































Exampled Bicycle Kinematic Vehicle model

Ref Brian Paden et al 2016

Survey ofmotionplanning and control for Self driving

V longitudinalvelocity
x y position of rear wheel
on the plane
0 heading angle

As R Y G V State

x y
8 steering angle

control input
l length f bicycle

parameter
Equations f motion derived in the abovepaper

jet VE Cos GCE

Y
X f x u

jct Ust Sin GH

Lt YI tan Stu




































When do solutions exist When unique

Recall a solution for si fer is IR IR

can continue forward in time indefinitely

Example 2 22 with Rio I

check that sect It is a solution

ftp.t p
ni

But as t 1 act w blows up

Additionalassumptiononffshould
not grow too fast

intuition




































Def F IR IR is Lipschitz continuous

if FL o such that for any x n EIR

II feel fray HELIX a'll

umfat
N

Example fix 62 4

All differentiable functions with bounded
derivative are lipschitz Continuous

121 not differentiable but Lipschitz

at not Lipschitz Ifan fca'll
112 mill

Suppose FL such that 112,2 2511 L 2 221
Kit V2 I L Contradiction




































Fe is also not Lipschitz

Thy If fca u is Lipschitz continuous in

the first argument and act is piecewise
continuous thent I ferial has

Unique solutions

and an initial set of States Xo E IR
a satin is any function x IR In such tha
seco EX and At Ict fact

Note the parallels with the definition f
an execution 2 202 f an automaton

To show the dependence on no EX
Sometimes we write the solution as

IR XR Rn no t Nlt tho EX




































A specification for an ODE defines

properties f the Solutions

CD Is the solution Safe ta fX too Cavities

2 Does it track target waypoints
3 Does it converge to an equilibrium

ANoeXo ast N not at

Verification Problem

How can we check that a given system
satisfies such properties

Synthesis Design problem
How to design controller function

g Irn IRM so that the closed loop

system satisfies the property




































tiy.gg n where f is linear

Any linear function y fax x.ge Rh
can be represented by a matrix A e Rn

y Ax
Linear

t Act XCH BCH ULT Time VaryingSystem
At Act E IR Blt E IR Mxn

If Alt and BA are independent f time
x An Bu Linear Time Invariantsystem

LTI

Example Double Integrator MA 1807

II ka dye U




































Openloop dynamics u o





















