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Discrete model I Citi AT Ci BTC t Thi

Story so far 1 Can use data to learn the systemmodel using leastsqm2 To achieve our goals using this model we need to
Make a plan for controls I i that achieve our goa
Understand how to reliably execute that plan interactively
in the face of disturbances

God Shou tht rank B AB AB ANB n

is a reasonable test for co tulability
Whatdo we need Need to beable to move thestate

I if A x i Bali i snore disturbance for now

aim Éa B
linearcombinationsof the columns of d owchuic.es

Can see span B AB A B tells us where we can

get ICD to go
If thisspate e n dimensional we could go wherever we want

Definition A system is controllable if given any trout sodg
we can find a tomb sit 7 Tco Ici Iced

so tht Ice g
How can I check for contdability First attempt

Start with 1 1 B



if span C is n dimensional return controllable

otherwise increment l
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Is span 2 dimensind No

Is spank f 2 dimens 1 No

I sp C if 3 2 dim No

Howtstp Oh no Infiniteloop

Guessafruperty Once span stop growing it won't growagain

YÉ 5 is lineal dependent I A5 A's
then A s is also line b depend on

Ikno A 5 a Aib for some a 3

I want to prove FB 3 si A I EIB A D
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New test fo controlability
Dstart with k o d o f III Ten met
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If dim span c d return woo controlAber

If dimspan c n return contolable
otherwhere meat k

dedJispanceC EB AB A B
Goto

Because n is afinite integer and the dimspan C growsby
at least one in each iteration we can take at

most n iterations before we must stop

To test for controlbilits check dimspan B AB A B
it n control able
it n not controlable

Itturnsad to be the case that if a system is controlable

then I feedback gain F so tht the AcetA BF
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Goal is to follow a target tragedy I i
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ÉÉ Because controllable
we can pick controls

Taco ICB
so tht the results
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hits all the was points

Openloop Trajectory 9

How can we deal with the disturbance Tci

Idea Apply the sum of two inputs as our control

I i I Ci Tv Ci
M M to reject

Toph VII s disturbance
Goal To keep FED I Ci A small

Call this Tci

Subgoal Design feedback control to keep 1156311 small

ie stabilize the system that governs Jci
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TED A Tci B Eva two Bimiliation

Can stabilize by appropriate choice of F



and applying it Ci FEED

Ace LA BF C I can pick
eigenvalues for Ace
to make this stable

If I E lls É Kalle K e

i follows Ci closely

Ici I CD F EE I Ci

A closed loop since it dependsad agg

Inwitcontokiawhaboutstabilitwhenwet
Leads repeated eigenvalues without enough eigenvector

In the EI How do we know tht we can find
a nice basis where tf is uppertriage

b What if we don't have
X CD X End

Erma was ie we in rare excess
M

Spectre time

pts How can we plan in a natural wasconnected

C How can we infer intentions from
brain signals Do classification

Consider Problem How can I efficiently do lots
of related leastsquares problems

Chosen to bringothool we need
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Other places this can happen
LS Problem 2

2 Polynomial fitting

f did
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4 Omd

How do you solve least squares
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Keeps growing
Inverting Jokes OCR steps

Getspainet
Can we make things faster


