
 

1GB Prof Anant Sana Announcement Eindfinnon
We're slowing down and triaging

Today Linearization in General course scope DFTmaterial willbe
Linearizing for controlsystems droppedthisterm to permit lessHW
Solving nonlinear equations problem per assignment more review

at the end of the term

StepwayBact All of our 16A B models have berlin

exceptSwitches comparators nonlinear

Real World is largely nonlinear G PII Actual's
Smoothly nonlinear

S

Almost N N't d

in equations governing mtion

Consider a pendulum

fÉ e.g Get sine cosines

Need a tool philosophy for attacks nonlinear problems

Tool Local Approximation Just Pretend This as linen

Taylor Series Fox Fco t f xo x Xo

f cxolz ol

t

When X is close to Xo the higher o de terms contribute ve little

lump all dropped terms into the disturbance

Consider Fox a 32 x U2

expand around Xo no

f x Sx no Sa 32 Xo Sx not Snf



P x Sx no Sa 3 Xo 8 C

322 x 3 58 3 x 8 788 3
ur 2 no Sa 1843

If Sx and Sa are both tiny then A 84
Jx etc

All high powers aesmgti.me's

fly Sx nos Sa I 32 XE W XIS x

Dyno Suf Xo 40
gyp lumpthis into disturbance

This gives an approximate linear model in the
neighborhood of Xo no AActually affine since then is

the constant term in front

What is 3 5 us Observe This is the derivative of fax us
with respect to x treating u as a constan

evaluated at Cto no

This is called the partialderivative 2A
Because you
greatother'smbts in f as constants

Similarly JI 2
3
a evaluated at Cto no

to get 2x no

Fsidetcoutwlpr.blems.noineacoutrlsystmexample
Suppose do x t fax y 32 PH Nlt

Suppose the goal was to keep x Ct 2

Can we get to 2 to be a steadystatesolution
ie Can it staythere



First Necessary Condition Does there exist a input no
so tht f 2 no 0

32 2 uh o

32 8 W 0

at 32 Uo could be 2 o 2

Pick no 2 Our egg up It is G n 2 2

get g
i 32

What are 8 14 fact in terms of Ct ultsi
t ti m

similarly Salt a uct no act 2

d XH E O 48 XG 2 32 uct 2

Let X Ct xCH 2

Ict ult 2 die L

ICH 48 Ect 32 act wfan

Is this stable No Became 4870

Apply continuous time feedback

e g I t 2 Ect So ult 2 21 4 2

Ig Ect 48 64 Ect such

If I CH t WCH

stable since 76 c o



Yes We can practically hold the system state
x near 2

Recipe Have a goal astute Xo we want to hold at

1 Is this even possible
We are
reducing Find a no s t f Xo no 0
to the

linear
case

we know
2 Linenite the model around Go no

nosyd treating all approximation error as disturbance

3 Do control as though the linearmodel from
previous step were true

R And it is truesince we
have the disturbance term

Power Generality of this recipe makes us want to do this
for vector 5181 vector Ect

Consider 8 Ict Ect Nominal Nonlinear
Model

When FCF T when I EN en dim
I I eRm e m dim

In CF E

Recall System ID thinking Do this row by row

Linerite row by row

File e File no I E e FEIT m
Just nom scala variables Tito

Wi
when
EE EE EE II now

Th why Because
2 Figg I Xo is so



and
3 Eta 3 EE

Put rows together FCI e I FG to

FEI IE R

Ed co

when FIE It
JE

un square matrix

ÉI
S Ed plass th

role

of the A
made

1
É

sincere kid b arrant

Y Eff plass th
role

3 or th B
matrixI

ICH Ibct A Ect xo B tutti e

I Ect
a disturbance t approximate

Annoying term



Recall that an equilibrium point ha Foto to 8

So if you want to hold the system at to need to find

to sin FCK 3

Aside Can we always find such a t

Sadly No

Consider Fox u e 32 X u2

If Xo o then 0 32 t Go a has no real solar

How can we find a to set Fox we 8

ie How can I solve a system of nonlinear equations

Kes Idea Iteration Newton's Method

To simplify notation Lef JCI FCK E
Axed what laranthBad

Want to solve Gta 8

Use linearization
g

E g to 241 Eto

Can I solve this Let A Eef
Want A G to t

g to

call E E to A I gu



Can solve using leastsqueso min no m approaches

depending on wheth Ao is tall or wide

Suppose it were like leastsquare So Ao is tall o square

After I solve this I'll set some É

I'll actually set t To L É

Move a little bit in this directs
since approximation is local

Iii's mm
takis little steps

9 find a zero of the fixation

Can combine with the transpose hea ish From th Homeank

to iterations solve
least squares

Tia Ii At gear Treat At as
a cheap proxy forAwhere Ai FI

Often works to get you to a solution in the neighborhood

of initial guess

Next time When does this transpose hemistri come from

If we have a way of solving systems of nonlinear egutrons

then we can find local minima maxima



Find places where no math

whicirctoyoumorein nothin
sub better

Gives rise to a system
of equations


