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LECTURE 16

Past fwo lectures © XCil]= ARXLiJ« BULY (single inpot f-
Simplictty )

Same. coditior appecred for fwo tasks:

{) beig able to assign evalves of A+BF orbvorily by

design of F ( feedback design) ;
2) mevig State frem any X&] o o1y 5'<1°,79L (“cortrollability)

Cond HHon luas:An-‘ J AA‘QB/ --- AB,B l(\ne‘vl_y ﬁﬂo(efeméﬂ

where N Stote dimeastor (A:nxn, Boaxd), ie.,
Co=LCAB--- A2 8] muetbke.
Exomple L : Exomple 2:

A= éﬂ B:LIJ '4:_,(%} 3:[?\]

n=2: ARB.,B 11\0@'14/ independent ?

AZB = B] =8 ;e.;:.[é] fndep-Oﬂ Br-[/?
Uncorivollable Corlrolloble o — - -

\

XiLi+(] < X(EiJ «XeTd) + UEEJ XiLi+(] = xilé] +Xeld '
Xelitd= 2X%Ti %lird= 2XTid+urid |
(

[
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Note from the above that we 0 cortrol £ veriables
‘whh fewer fhon n_ inputy - yov actvally do this wher you
drve a com ;. Using +wo inputs (steering andl longrudimal fires
gene-ated by gaslbrake pedals) You arve not cnly o the desired
x,4 coordhales but also 4o the desiced ortertation e.9.parallel paiein.
: T {; Ij;] Statfe veekr aon be
48 e - brevg bt to +Ferget valee,

Orthonormal bases ond Grom~Schmidt Procedwe :

Colymn vecters ?i,, ,-,é'b e called orthonarmal if
4:73; - {o it t#) (orto)
TlL e o)
A Matrpy Q- C?l _?d with erthoacrmg| colvmas
Sartrs s = = = -
aaQ - [i’l oo oo
* Wi - g
=1, by def'e (1)

--(L)

1L G s sgure Q' Q=1 means:
@=@a"
<Q is called orthogenal )



Example: @< [C“G —sh®

(rotehor pratrix)
snB cos0 >

\
/
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| ! So called beaywe
' | @R rotates R

byongle @ e
| | plase withot

Cho19/Mg Tt fenghh

Useful featvres of matrices wih crthonermal

Columay ¢

L) 1QR] = %l (preserves gty : uiat we

observed 1 ean/o(e abave O

e for oo @ with arten ol
Celomy )

2) R also presenses dot- predect : (GJ\’)T(Q_’)
= "’fam a'ay

3) Ea._sy WSU?(qu-Ho, oF Colv»n pace: ")Cy
Column space of- D:):Z, d‘:\] it E,z were. arthendmf

S i [

pne;ther‘




and projection ortfo column Spae is frivial :

Recall Least~Yqueres :
S=Dp+2
A= (DD'DS
What #f (by Some micacle) D hed arthoncrmal cums.?
0D=1 = /5' = D'S  (no matix inversion )
Covpere to pictwre gbove ...
Grom =Schmidt :
Even if columas of D are not orfhoncmal, we an

congtvet on a~Henomal basts Lo~ He Colnn Spae
+hat is close o e oﬁgl\oal Celomns i the Seqe that. ..




Back fo Least squaes(15): T -Dp+E
LS picks B Such that
2-3-58 L column pece
572- 5E-58)=0
D3 ~ pDP- - -(LS)

Instead ff mvet. g DD, db Grom-Stamidt (@R
fachorization) on

LS :

RTA'S = RT&'GQ RP

RE=e1ep)



A 4 - [
r\\,}ﬁ}zaﬁ
O--‘o\ﬂ "

last mw gives: *Pe= (@R = Pz:i/-(Q?‘?)k
21d fo last pows = RPr-t¢# pu=(Q7S )t

Con solve by back subestrtubiors (fast {) withet
Mmafrix ihvession.

Grom - Schmidt Procedvre :  Cen h%eorly indeperdert
Columns 37,,,-32 :

Z a, =) _L
Stepd: g /ld,//
Step2: Z,= d —(J; )

/Hvr—’g;

L0 91
-
= 4
* ”zﬁ
Step3 : ?: (Z; rary ~ (5% )9
qs =

I %11



Stepk: 2Ze=dy — 2 @G,
. 9Z(k 0) 9 "‘(Z)
G~ %

Show Z
=) i<k (Hrerefoe A
sobﬁﬂu{eb) = e
i -3 @
, Ok -—Zﬁ__l(d&f,‘)c_]}"‘

( _go J#c¢
i u { §=¢
5 meons all ferms i um,
olrgp aut othar then jfz e
\ -
ARG 77
( <33/ 45" )I,-,;(ﬂlq:) %

\\4 M
= Hfaz —JZTC?E =0 N



So we. have $hown @J(}: =0 wher k<i. -- )
Some s fve when k>i » 0. Q; = G i where
Now | & Smala +han k aad (3) applter with ki suapped.
Combivig : G 'qi=0 when k#i, Bythe
Narmali2ation ﬁ = Fé’LuIZ' h @ach step, we slic
have IIE]}"/IZ.{ Lo each k£, So Grom- Schuet
gerersies on orthanarmal basis . In addition, d)
deperds o7 Gt only s ol on GuiGos deon 4.,

as desired .



