EE572 - Solution to HW#12 apy =

ahat =

0.2500 -0.2500 0. 5000 0
0. 2500 0.7500 -0.5000 8
0

1. 0000 0 0
0 1. 0000 0
1. 0000

0.2500 -8.5000 4.2500 -0.0000
» bpv = [0;0;0; 1]

ooo

-0.2500 -0.2500 1. 0000
0. 2500 0. 7500 0. 5000 1. 000

N bpv =
»bhat = [ 12-11,2-1;11] 0
bhat = 8
1 2 .
% % » poly([1/8 1/8 1/8 1/8])
1 1 ans =
» chat=[1-120;2101] 1.0000 -0.5000 0.0938 -0.0078 0. 0002
chat = » kpv = [ans(5)+apv(4, 1) ans(4)+apv(4,2) ans(3)+apv(4,3) ans(2)+apv(4,4)]
1 -1 2 0 kpv =

2 1 0 1

X 0.2502 -8.5078 4.3437 -0.5000
» % F| nd the controllabl e and uncontrol | abl e ei genval ues of the open-1oop

S| %Inte test: Check the ei - bpv*k
/M €M bhat ahat *bhat ahat "2¢bhat ahat A3*bhat ] % & blaen. DSy ok the et a(apv-bpvrkpy)
M= ans =
Colums 1 through 7 0. 1250 + 0. 0000i
1. 0000 2. 0000 1.5000 -0.2500 1.7500 -1.3750 1. 8750 8 %%gg + 8 8808:
-1. 0000 1.0000 -1.5000 1.7500 -1.7500 2.1250 -1.8750 0. 1250 - 0.0000i
2.0000 -1.0000 2.0000 -1.7500 2.0000 -2.1250 2. 0000
1. 0000 1. 0000 1. 5000 1. 7500 1. 7500 2.1250 1. 8750 » %G’JOd' They are aI I {1/8}. Nowfind regulator, wk = -
[ Kf +Ks*Kpv*i nv( Tpv, -
Gol urm 8 » Mpv=[ bpv apv*bpv’ apv™2*bpv apv”3*bpv]
-1.9375 =
"
-2 0 0 0 1. 0000
2.3125 0 1.0000 -0.0000
0 1.0000 -0.0000 4. 2500
» rank(M 1.0000 -0.0000  4.2500 -8.5000
ans = » Tpv=Ms*i nv( Mpv)
4 Tpv =
» %The rank of Mis full, therefore, all eigenvalues are controllable -1.6250 9. 3750 -4. 2500 -1. 0000
» % The ei ?enval ues are: 0. 1250 2.6250 -3.2500 -2.0000
» ei g(ahat 2.8750 -5.1250  1.7500  3.0000
ans = 0.1250 -3.3750 -4.2500 0
10000 » K = Kf +Ks*kpv*i nv( Tpv)
1. 0000 =
0. 5000
0. 5000 -0.2294  -0.0437 0.3944  -0. 0086
1.2294 -0.9563 0. 6056 1. 0086

» g§0$b)l IsI { he syst em Ec,t Iabl i zaPI e|'7| bl el

» % Yes i's conpletely control | abl e! i hat - bhat *
» %¢) If yes nﬁem gnya feedback regul ator, wk = -kxk such that the » eig(aha K
cl osed- 1 oop cont rol l'abl € ei genval ues are {1

. ans =
» %Fl rst, we have regeat ed”ei genval ues. MJS? use Feedback to junbl e them

KI=[10'10;0 - 0.1247 )

0.1250 + 0.0003i

K = 0.1250 - 0.0003i
0. 1253

1 0 1 0
o ot 0 ! % o O a1 & Th2eIeR 1S Pt o e cl osed | temif Ts = 10
: e ne e cl osed-1 o e =
» i g(ahat - bhat *KF) » % 1d) at is the s ing-tine o S op systemif Ts

nsec.
» Ts = 0.01

ans =
% g 6 1. 1248i i
1. i
1. 345 9 - 1.1248i 0- 0100
0. 0299 » z_max = 1/8
» % Qeat! ﬁenval ues are distinct! Z_max =
» anew=ahat - bl B
0. 1250
anew =
-0. 7500 1.7500 -0.5000 -2.0000 > %S f 9 TI
12500  1.7500  0.5000 - 10000 > s = s Og(z "ax)
-2.2500 -1.2500 -1.0000 1. 0000 ts =
-0. 7500 1.7500 -0.5000 0
. . . 0.0192
» %Next, reduce down to a single input with randomKs:
» Ks = [1;-1 » %Therefore, the settling tine is 19.2 ns
» % 1le) Now desi gn a control |l er such that yk goes to [ 3 -8 ]T in steady-
Ks = state
1 »yref =[3 8]
-1 y_ref =
» Bs = bhat*Ks 3
8
Bs =
1 » | _pxp = eye(2)
-2 =
5 pxp
° 59
» M5 = [Bs anew'Bs anew‘2*Bs anew‘3*Bs]
M = » inv([chat zeros(2,2);ahat-eye(4) bhat])*[I|_pxp; zeros(4,2)]
ans =
-1.0000 -4.2500 5.1250 -11.1875
2ER rRe TuR aun 8500 o oon)
70 -4.2500 -3.3750 -17.9375 8 5200 00008
- 0. 2500 1. 0000
» rank(Ms)
0 0. 0000
ans =
» Nk = ans(1:4,:)
4
. . N =
» 9% Super ! The single-input system x_k+1 = anew*x_k + Bs*ws, is still
control [ abl e! 0. 2500 0
» %Put in phase-variable form - 0. 2500 0. 0000
» pol y(ane X
- 0. 2500 1. 0000
ans =

» Nu = ans(5:6,:)
N =

1. 0000 0.0000  -4.2500 8.5000 -0.2500
»apv=[0 1 00; 0010, 0001 -ans(5) -ans(4) -ans(3) -ans(2)]



1. 0e-017 * 8
0 0 1
0 0. 3469
» %Note that Nu is zero because the original systemwas unstable . » % Check if ei Q&apvo- bpvo*kpvo) are deadbeat (zero)
» D/%llf) 1 Find the observabl e ei genval ues of the discrete-tinme systemin » el g( apvo- bpvo*kpvo)
problem1.
» %Find Ao and Bo and treat as a control problem
» Ao = ahat' » kpvo = [apvo(4, 1) apvo(4,2) apvo(4,3) apvo(4,4)]
Ao = kpvo =
0. 2500 0.2500 -0.2500 0. 2500 0.7500 -4.0000 5.2500 -0.0000
- 0. 2500 0.7500 -0.2500 0. 7500 X
0.5000 -0.5000 1. 0000 0. 5000 » ei g(apvo- bpvo*kpvo)
0 0 1. 0000
ans =
» Bo = chat
0
Bo = 0
0
P °
2 0 » % QGeat! Nowlets find the conplete "feedback" gain, Kc:
0 1 » Mpvo=[ bpvo apvo*bpvo apvo”2*bpvo apvo”3*bpvo]
» O=[Bo Ao*Bo Ao"2*Bo Ao 3*Bo]’ Mo =
o= 0 0 0 1. 0000
0 1.0000 -0.0000
1.0000 -1.0000 2.0000 0 0 1.0000 -0.0000 5. 2500
2.0000 1. 0000 0 1. 0000 1.0000 -0.0000 5.2500 -4.0000
-0.5000 -1.5000 3.0000 X
1. 0000 1. 0000 1. 0000 1. 0000 » Tpvo=Mso*i nv( Mpvo)
-1.2500 -1.7500 3. 5000
0. 5000 1. 0000 1. 5000 1. 0000 Tpvo =
-1.6250 -1.8750 3. 7500
0. 2500 1. 0000 1. 7500 1. 0000 - 1. 0000 5.5000 -5.5000 1. 0000
0 -0.0000 0.5000 -1.0000
» rank(O -0. 0000 0.0000 -3.0000 2.0000
- 0. 0000 0.5000 -1.0000 0
ans =
4 » Kc = Kf o+Kso*kpvo*i nv( Tpvo)
» %Al| eigenval ues are observabl e!! L . Kec =
» %1Q) TIf detectable is the dual of stabilizable, define detectable and
determne if the given s?/st_em is detectabl e i 0.2500 -2.5000 0. 1250 0. 2500
» %A systemis detectable if we can find Ko to make the observer eigenval ues 0 -1.0000 0 1. 0000
stabl e {l.e., ei g( A KoQ . .
»I D/%lTher efore, a"systemis detectable iff all unobservabl e ei genval ues are » Ko = Kc'
stabl e
» % Since our systemis conpletely observable, it nust be detectable Ko =
» 9%1Q) Design an observer such that all the observabl e ei genval ues are
deadbeat . . i 0. 2500 0
» %W nust junble the repeated ei genval ues -2.5000 -1.0000
» Kfo=[1010;0-10 1] 0. 1250
. 0. 2500 1. 0000
0=
» % To check the final observer gain, check eig(ahat-Ko*chat):
1 0 1 0 » el g(ahat - Ko*chat)
0 -1 0 1
ans =
» anewo=Ao- Bo*Kf
1. Oe- 003 *
anewo =
-0. 3760
-0. 7500 2.2500 -1.2500 -1.7500 0. 3760 .
0. 7500 1. 7500 0.7500 -0.2500 -0.0000 + 0.3760i
-1.5000 - % 8888 -1 0008 0. 5008 -0.0000 - 0.3760i

. » % ose enough to zero (rounding error)! i
» ei g(anewo) » %1h) How fast wl| your observer error go to zero if Ts = 10 nsec?
» % Since the observer is deadbeat, will will go to zero in a maxi numof n=4

ans = st E}Js .
5 6237 » %Thus, the observer error will be zero by 4*Ts or 40 nsec
1.8073 Bl ock Diagram
0.3163
0. 5000 Controller
» % Good! W have junbl ed the eigenval ues so that they are all distinct N uf
» % Reduce to single "input" system yref
» Kso =[1,0] Regulator
Kso =
1
0

» Bso = Bo*Kso

A-KoQ
_ % O bserver
2
0
» Mso = [Bso anewo*Bso anewo"2*Bso anewo”"3*Bso]
Mo =
1.0000 -5.5000 10.7500 -33.8750
-1. 0000 0.5000 -5.2500 .
2.0000 -3.0000 10.5000 -23.7500
- 1. 0000 0.5000 -5.2500

» rank(Mso)
ans =
4
» % Good! The single "input" systemis still controllable!
» %MNow, let's put it in Phase Variable form
» pol y(anewo)
ans =
1. 0000 0.0000 -5.2500 4.0000 -0.7500
» apvo=[0 1 00; 0010; 000 1; -ans(5) -ans(4) -ans(3) -ans(2)]
apvo =

0 1. 0000 0 0
0 0 1. 0000 0
000

0. 7508 -4,0000 5. 2508 -(1)I 8000
» bpvo = [0; 0;0; 1]
bpvo =

0



