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Essentialy, prototyping tools

A MUST KNOW for any serious engineer!
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INVERTED PENDULUM

SYSTEM EQUATIONS

SYSTEM EQUATIONS

A non-linear system governed by the differential equations:

(M + m)% + bx + mlfcos® — ml@?sinf = F
(I + m/?)d + mglsin @ = —mlx cos 0
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SYSTEM EQUATIONS

Non-linear equations

°
@ No general theory

@ No systematic analysis method
°

Better to linealize
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INVERTED PENDULUM

LINEARIZED SYSTEM EQUATIONS

LINEARIZED SYSTEM EQUATIONS

If 6 is small, we can make the system linear:

(I + mI?)0 — mglg = mlx
(M + m)x + bx — mlf = x
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INVERTED PENDULUM

TRANSFER FUNCTION

Ok! Differential equations and blablabla...
...but what linear system theory has to do with it?

@ Consider the system with null initial state

@ Apply Laplace Transform to obtain algebraic linear equations:

(I + mI?)©(s)s? — mglO(s) = mIX(s)s?
(M + m)X(s)s? + bX(s)s — mlO(s)s? = X(s)
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INVERTED PENDULUM

TRANSFER FUNCTION

Ok! Differential equations and blablabla...
...but what linear system theory has to do with it?

@ Solve to find H(s) = 2(5):

ml
—S
_ q
H(s) = §3 4 bUEmP) 5 (MEm)mgl — bmgl
q q q

where g = [(M + m)(I + ml?) — (ml)?]
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INVERTED PENDULUM

TRANSFER FUNCTION

Set the parameters...

e M =0.5kg

o m=0.2kg

e b=0.1N/m/sec
o /=03m

o | =0.006kg - m?

...and we have a complete model of an inverted pendulum:

_ 4 .545s
~ s340.1818s2 — 31.18s — 4.455

H(s)
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WHAT TO DO WITH IT?

Great! But... what can | do with it?

Simulate
Analyze
Experiment
Control!
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How about trying to balance the pendulum so that it
will return to the same position after disturbance?
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INVERTED PENDULUM

THE INVERTED PENDULUM CONTROL PROBLEM

How about trying to balance the pendulum so that it
will return to the same position after disturbance?

@ Control is all about to compensate for disturbances

@ The big question: how much force should | apply to keep the
equilibrium of the pendulum at any moment?

@ The big solution: PID Controller
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INVERTED PENDULUM

PID CONTROLLER

—> P K e(t) —

.

_Setp0i|1t+ Error» 1 Kl.lle(r)dr %@}-Output»
0

A

L, D g %0
dt

@ Control Theory: out of scope
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@ Control Theory: out of scope

@ Don't try to understand the details (just believe me)

@ See the big picture



Now, let's put it all together at the Simulink!
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@ Very basic signal processing

e How to eliminate some noise from a music?
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SOUND SIGNAL PROCESSING

@ Very basic signal processing
@ How to eliminate some noise from a music?

o Filtering the frequency content of the signal

Questions?



Let's try it!



@ What is a frequency in a image?

@ The effect of filters in the frequency spectrum of an image
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IMAGE SIGNAL PROCESSING

e What is a frequency in a image?

@ The effect of filters in the frequency spectrum of an image



Let's try it!
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