SISTEMI DI CONTROLLO

[Formulario Esame]

A CURA DI ALESSANDRO PAGHI

PROFESSORE: Marco Casini ( http://www3.diism.unisi.it/people/person.php?id=158&aa=2015 )

LINK AL CORSO ANNO 2015/2016:
http://www3.diism.unisi.it/FAC/index.php?bodyinc=didattica/inc.insegnamento.php&id=55078&aa=2015

FREQUENTAZIONE: Consigliata.

www.alessandropaghi.it


http://www3.diism.unisi.it/people/person.php?id=158&aa=2015
http://www3.diism.unisi.it/FAC/index.php?bodyinc=didattica/inc.insegnamento.php&id=55078&aa=2015

l?##lf S g =4 o= = - = B
= ¥
H Nt
’d - — —d - — b
‘«r’l— 6 p -5 = A4
P VJ.. . - 2 I.A.
3 1 e
A az r e 9 TE = 0
¥ e = “. x 9 Tl &
# + of |9 £ N N n~ 0
- | Y v 1) S > Au p
Ry g ['s o i ' N ) -
5 ENE R aNE % . D o x
N B i i 7 v |2 A o 35
Y |+ - Y
) * ~ A_\ = = n Ls = O
B[ | 0 0
s . i)
. U W \_;
\m b P I N By
! = e v R W
< s m |~ MmN & A
o & T X ' “ <
; | |4 5 . 1S x h
N [ 3 - =
4 S + 3 " — p
A ¢ : e = ) »
. 219 d | gy -/1.. ¥ X m- "l
g d o 3] > LN
1 IEECERARAPS i N I
~~ . 1
J ¢ oo I X | ] ¢ ™ N
u ~ .c i k = Y " 2]
il ] 114 1'v [ Y =R o |8 n X
3 & R d< ~ ol _ ~ /r\ N
REN] ET-E ¥ 8
— ' x.\_ m B 2 o AL
Y <K 203 ' Y b w9 ~ Van)
VEBSEN A gL, : B i /
= 3 - (NS b "
V] J ) 2 19 14 = ; X
> LY [ T 1 loj by Y.
| L ] [
| 1 I |

www.alessandropaghi.it



|
© dd |G (s)
h [) PO &
[ § v} 3
Fl o] [O] O -¢ Cnl
i o0 F (0] 13) > N
00l po [F| 0 =n Pl
A OO b0 O F
il A
-« 4 K &
& l
P - s
\ Gl -
o - | Q! y el A OC ALY
f -
T N Rk
W=
PRy,
\ Ka
pmf ol | 3
pe = s rdod] r_(_s;) (s
> P S0
R (< = : A
IR )l
| ol 12
<) = o =
s
- e X 2 e ~ P S
I'JF\ C =0 N
30 2l o =
Q‘_& o y >4 C ..)
P LT Ke ale g Dz

www.alessandropaghi.it



[ )| |
Q'pe_-‘ < d 3 N\ e
213 | Mxloy: o
6 x o Jurze \( i A0
), 2.8 Ty T -
JT‘
Pe § + 5 W
pe Al H U
DS T A - L =1 15 18
T w| %l 3 i
p A o
1 sl C :
a (s =K - A X |-
-1
4 Sera | e\ oy L
Py 4 > |8l _AD D] Aalig ® ) /I’
) R Yook
s P 0 2 =
3 » e
WATTS
_NoTE
Lo D R s > > > 5 Q
AR S rao Ce Cs) N < %
~ T
o -Q 5 S > C (< ) NS _?,‘,' 7
] o P DS 9 Dol ALY
e o AT R
A 'V, Ce (s & = ~\ AD o)
Qlxe i o Al S A #m_n Cle Q= «Q \‘
> 4+ o 4 | A :
X + . [
(s)
DJ|"C
) e | +]-Cx | -
Qv 3\ Q X Sukel] e DA PN
= % DA A 3 o q Lol 2 k-
A si
|

www.alessandropaghi.it



|
:\ % \g (Tt 3 .t N OB \E’- e S\ %71 O
" WSV, o b ) s o U
¥
——t -T U - . \ a p ! m T ]
SO N sl hen! A o 3 possy Qe
o |
P 4
A L 5 0 o A iRe Do o_LQ
> l
c o i AR\ N -y r<D ) Ne'sH a
El,L En 4 P |- T R
4 7
R 4N
ALCO 7 <\ = o L, L A oo Ayl
e ¥
Tty ol | P
g 155 1§ Y d 1= [ (g) = )R_'
e s} Kp VEY
l /s
(e 2 (ald ) = Kz I~y S
S
000 N G 1
y
< [l L 1RP [ o)
1 Cle) | al x L pP-P* S g \ K= 7
< < <
|
(@ Zexds = K% 1
(e 3 O - b ol 20 e Ll ces)
S |
i (@) N Ia! ~ ok 5 -~ .
Ay O J
b
= s — = '? c T ab Py 3 ;%- AR
T
o AN Pa Q o o L o
]
QUL o > N C Ol R c \51 R AQ [E=
>y =) B oW Al o e A
Q.19 al
T
» (e Z aY : ¥ o O
A NOEAN > N T
-
S < Ci7T Ll RS e - [y a1 & )
T Au
—— = L
P oo
& ’s
S SO R~ N »>] Ls) XA (b £ V
T X l\ C SN -
g3 1

www.alessandropaghi.it



DDDDDD

L:

IpeJS

Il 80 90 t'0 €0 Zo

[

o682 95 ¥ €

HiH——
JITH I :

0oL 08 09 oy OE i

e
a

www.alessandropaghi.it



m=16
m=15
e m=13
m=12
S O 1) e

m=9
m=8

PO U0 OO 8 T RS

i P

m=5

m=4

S i i ] | R

m=2

®T
0.1 0.2 03 04 06 08 1 2 3 4 5678910 20 30 40 60 80 100

www.alessandropaghi.it



Table of Laplace and Z-transforms

X(s) x(f) x(kT) or x(k) X(@)
Kronecker delta &(k)
I; = - 1 k=0 1
0 k#0
Sol(n-k)
2 = - 1 n=k =k
0 n#k
1 1
3. = 1() 1(k) -
s -2
1 1
. sta e e T
-e z
1 =
5 s—z t kT —-—(] — )1
2 Tl
° 7 d L —@—)‘l
6 Tz (1 +4z7 +27
7. = £ *n} — )
§ (l—z )
—aT ) _~t
8. - 1—e” 1—g®" =l
s(s+a)
9. N o g T _ i
(s+a)s+b)
1
10. S e kTe ™™ R TR
(s+a)’ ; (l—e"'rz" )z
s 1—(1+aT)e"z"'
11. ~ 1 —af)e™ 1 —akT)e ™" >
(s+a) ( ) ( 2 (l—e""z" )
9 T2 l+e'"rz")z"
12. ,2 -at k 2 -akT
(s+a)’ & o e (l—(:""rz‘I )3
# aT-1+e™ - —aTe™ ™' |z
13. = - at—1+ e akT -1+ e-ukT [( ) (2 - )- ]Z
s*(s+a) (l—z") (i-e )
() : . z™ sin@T
14. 3 5 sin ot sin akT —_—
S +o” 1-2-" coswl +z™"
s 1-z"' coswT
15. : = cos @t cos wkT — =
st 1-2z" cosal +z
@ ez sin@l
16. 5 e™sin ax e sin kT —
(s+a) +o? S ] —2e 77" cos@T +e ™ 22
s+a o g o2l T
17. — e“cos at e cos kT — e_l £ cosmd —
(s+a) +o 1-2¢™ 2z coswl +e™" z
1
18. = - d =
| —az
2 =
19 - = k=1,2,3, ——
Ji
20. - - k"’ m
55 ZT (l+az" '
21, - - Ka [
z? 1 +4az™ +a*z7
2. _ _ kiak-l ( (l —az-l )4
T 27 (1+11az" +11a%27 +a’27)
23, = - K'd" (] - )s
—az
1
24, - = d* cos kx =
1+az
x(6)=0 fort<0

x(kT)=x(k)=0 fork<0

Unless otherwise noted, k=10, 1,2,3, ...
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Definition of the Z-transform

Zix(k)} =X (2) = i x(k)z7F
k=0

Important properties and theorems of the Z-transform

x(7) or x(k) Z{x(9)} or Z {x(k)}
1. ax(t) aX(z)
2. ax(1)+bx,(1) aXy(z)+bX,(2)
3 x(t+T) or x(k+1) zX(z)-2zx(0)
4, x(t+2T) 2’ X(z)-2"x(0)—zx(T)
5 x(k+2) 22X(z)—-2"x(0)-2x(1)
6. x(t+kT) 2*X(z)-2"x(0)=z""x(T)—...~zx(kT-T)
7. x(t—kT) z*X(z)
8. x(n+k) 2*X(z)-2"%(0)=2""x(1)—...— zx(k1 -1)
9. x(n—k) z*X(z)
10. (1) —TziX(z)
dz
d
11. kx(k) -z—X(z)
dz
12. e "x(t) X(ze")
13. e x(k) X(ze®)
k =
14. a'x(k) X(a)
15. ka*x(k) _255 X(f]
16. x(0) lim X(z) if the limit exists
17. x(®) limi(l =g )X(z)J if (] ) )X( z) is analytic on and outside the unit circle
18, Vx(k)=x(k)-x(k-1) (t-z")x¢z)
19. Ax(k)=x(k+1)-x(k) (z-1)X(z)-2x(0)
20. ix(k) —l_I—X(z)
=0 1-z
a 0
21 Ez-x(t,a) -67)((2'“)
22 k"x(k) (— ~i)mX(z)
3 x( z L
23. ix(kT )y(nT —kT) X(z)Y(z)
k=0
24. ix(k) X(1)
k=0
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