





































































TRAJECTORIES how we want our robot to move

X t state at every point in time

start finish

It velocity
how state is changing

Controlling Things IRL

Apply control input u

Errors oh no 0000000

real world not ideal

Adjust input to account for errors

u K x

Dependent on current position












































Systems
Many different relationships between

X t fix x t g x u

Say we're controlling a car

X angle of the car a

u steering
wheel input

Angular speed
time t depends on current

angular speed control input

Mechanical system
Input vector of torques
Control acceleration

I f x x t m n



PID Control

A way to error correct

Model free control
don't need to know system equations

Relies only on error

e x xd t x t desired current position

é ft fact Ect

t

act Kp et t ki f ect at t ka it

I Ttinput
I

DerivativeProportional
Integral



Input pulls you to desired location

u Kp ect

It higherI

Input u Kp e t

µ
x t o

u o I I l

I

a o apply input
of l newtons

N MY Input is a force
assume

mass acceleration

Closer to origin input force reduces
I

l

µIt
time



Ky Ect

Derivative term dampens response
prevent oscillation

Intuition
Error decreasing fast

D term reduces speed of decrease

Don't overshoot Xo St

stop oscillation

Atf ft
Error increasing fast

D term reduces speed of increase

Move toward xd t

I







Time discount integral term
Lab

Reduce integral bounds

Sot eat it finger at

Create a hard cap to the I term

t
I min cap foecide



g

I D

Already have information about system
We know what the input should be given

time

assuming no error to calculate
feedforward term

ult Uff t t Ufb It

1
Feedforward
calculated w agnfiesttrajectory knowledge

Feedback
Accounting for real

world
evvov
Use PID for this




