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6.003: Signals and Systems Feedback and Control

Feedibssck = pervasave in natural amd artificial systerms.
Feedback and Control

Turn steering whes to stay centered i Che lane
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Feedback and Control Fesdback and Control
Feedback s useful for regulating a system’s behawvior, a5 when a Concentration of glucose in blood = highly regulated and resmasins
thermostat regulates the temperatore of o oo mizarly constant despite episodic ingestion and use.
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Feedback and Conbrol Today's goal
Botor control relies on feedback from presure semege= e the skin Lise spysbems theory Lo gain insight into howe Lo conteol 8 sestem.

s owell as propricoepdors in moscles, temssons, amd gEeints.

Tey buikding & rodsrbic hamd Lo enecres a fghvtiulb!
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Cxample: Steering a Car

Algporithem: steer lefl wwhen car s night of center and sice wersa.

5?‘ straght akwead?
A& steer right
& steer right
™ steer right
K3 straight ahead?
W stoer left
M steer jeft

Ead algornthrm o« poor performanoe

Here we ged poersistent oscillations!

Cutline of the lecture

Linderstanding the structure of a contral problem
aubomatis oontral o fescbock

Analyring feedbick systbermes
fesefbvacdk o cyolic palfs o persstent owbpols

Cesignimyg control systemms
cansirociimy well- befumed respersss roper bies

Structure of a Controd Problem

(Simple) Control systems have throe parts.

The plant = the system bo be conbroliod,
The Sensor measures Uhe outport of the plant.

The controdler speofies @ command © to the plant esed on thee
difference bebseen the inpot X amnd sensor outpot 5.

Three Parts in the Car Steering Problem

Hant = car
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= desired left fright position in lane (= )
= steering wheel position (O = af = oX S =X ¥])
= actual keftSright position in ane
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Car Steering Problem

A realstic maodel for the car s cosmplicated.
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Turnimg the stoenmg wheel robstes the car body so that foresard
rrcbion of thee sehiche chomnge= The position n the lame

Simpler Car Steering Problem

Stort with a =mpler problem: Imagine a (sery non-physical)) car that
can instanthy change its ateral position from gin] to yle] | dal.
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What = the walue of o in ths esample?
Whal would be o better value of @«
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Check Yoursell

.,

O each step, the car changes its position from gfa] to i) | ejr).
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[ Find the appropriate model for this (eery unusuoal) car.
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g, none of the abose

Check Yoursell

What is the systern funclional i- for the entire controdler J
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Designing a Controller

The “dosed-loop” system has a single pole st (1 ).
¥ ark
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Therefore, the outpul can dewiate from the mpet for lomng periods
of time, as we saw when o = 5.

Designing a Controller

Range of regpuoneess yja] given gjif = 1 and i) = L
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Designing a Controller

Lonmgg-terrm desiabisns of the owrtput froen the input represent o Gsiluee
to control the system in the desired Fashion.

Wi would Bike the car to imstantly rmowve o the desired position.

shift o
shift g E]
shift §  [d]
shift 3 4]
shift | iy
a |

Fortunately, we can contred the shape of the output
¥ T

X 1. (1 aR
by controlling the “closed-loop” pole at (1 ).

Designing a Controller

The “open-loop” systern (cor) has a pole at £ = 1 {an accurmolator).

The “closed-loop™ systern {with fecdback) has o pole st 2 = 1 o
I

71N

W can adjuest @ bo optirmise perfornmance.
¥ ek

X 1 0 ak




