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W, s13, ex1.2

ramene
2

1( )G s
s

rameno
( )u s( )Cu s ( )y s



>>  a=s^2;;  b=1;;p=s+2;;q=2*s+1;;r=.5*s+1;;
>>  c=a*p+b*q
c  =  1  +  2s  +  2s^2  +  s^3
>>  pformat  rootr
>>  c=a*p+b*q
c  =    (s+1.0000)(s^2+1.0000s+1.0000)
>>  T=b*r/c
T  =      0.5000(s+2)      /              

(s+1.0000)(s^2+1.0000s+1.0000)
>>  
>>  pbar=s+2;;qbar=2*s+1;;rbar=1/2;;
>>  cbar=a*pbar+b*qbar
cbar  =  (s+1.0000)(s^2+1.0000s+1.0000)
>>  Tbar=b*rbar*pbar/cbar
Tbar  =  0.5000(s+2)  /              

(s+1.0000)(s^2+1.0000s+1.0000)
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simulace  AW_1_2.mdl
% je 5.5,

% - OK

1 0.5( ) ( ) 2 ( )
2 2C

su s u s y s
s

2

1 2( ) ( )
2 1 1 C

sy s u s
s s s

2( ) 1 1CLc s s s s

( )u t

( )y t

( )Cu t
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kde

- h

( ) 2 0.25 ( ) ( ) ( )Cu t u t y t x t

0.5 1.5( ) 0.5 ( ) 2 ( ) 0.5 ( ) 2 ( ) 2 ( )
2 2

2 0.25 ( ) ( ) ( )

C C

C

su s u s y s u s y s y s
s s

u s y s x s 1.5( ) ( )
2

x s y s
s

2 ( ) 1.5 ( )dx x t y t
dt

( ) ( ) 2 ( ) 1.5 ( )x t h x t x t y t
h

0.5 1.51
2 2

s
s s
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uc

( ) 2 0.25 ( ) ( ) ( )

( ) ( ) 1.5 ( ) 2 ( )
k C k k k

k k k k

u t u t y t x t

x t h x t h y t x t

( ) 2 0.25 ( ) ( ) ( )

2 ( ) 1.5 ( )

Cu t u t y t x t

dx x t y t
dt

y:=  adin(in2) { }
u:=  2*(0.25*uc-y+x) { }
dout(u)   { }
x:=  x+h(1.5*y-2*x) { }

0.5 1( ) 0.5 ( ) 2 ( )
2 1C

z hu z u z y z
z h

algoritmus

( ) 2 0.25 ( ) ( ) ( )

( ) ( ) 1.5 ( ) 2 ( )
Cu z u z y z x z

zx z x z h y z x z

1zs
h
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( )ctu t

( )dtu t
( )dtu t
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( )cty t

( )dty t
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dostaneme
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polynom

simulace AW_1_3.mdl
pro h = 1.4
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Simulace  AW_1_3.mdl  pro h = 1.4
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Simulace AW_1_3.mdl  
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Simulace  AW_4_5.mdl  pro  h = 1.4



- - 2007 20

spojitou soustavu?



- - 2006 21- - 2007 21



- - 2006 22

T
interrupt

free running



- - 2006 23

(sampling)

(sampler) 

periodicky

digitalizace je 

( )y t ( )y kT

T



- - 2006 24

(holding) 
zero-order 

hold hold (ZOH)

T/2

( )y kT

( )u t

( )u kT
z tvarova ( )u t

hodnota
z tvarova ( )u t



- - 2006 25

Vztah mezi  s  a  z

obraz

-obraz

( ) , 0atf t e t

1( )F s f
s as a

( ) , 0.2sakTf t e T
( ) ( ) aT

zF z f kT
z e

aT sTz e e

sTz e



- - 2006 26

Frekvence a perioda 

- - 2007 26



- - 2006 27

Tr

5-

- - 2005 27

0.15,0.5Ch



- - 2006 28- 2007 28



( ) ( ) ( )dx t x t h x t
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A Tustinovou metodou

( ) aD s
a s

Tustin
1( )

2 1 2 2
1

a ah zD z
z ah z aha

h z

forward ( ) 1 1
a ahD z z z aha

h

backward ( ) 1 ( 1) 1
a ahzD z z z aha

zh
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lead kompenzace 

Implementujte ho 

c = 5 rad/s BW = 10 rad/s

s = 25 10 = 250 rad/s
fs = s/2

Ts = 1/fs = 1/ 40 = 0.025 s

- - 2007 32

2 1( ) 10
10 1

sD s
s

1( )
( 1)

G s
s s

>>  G=1/s/(1+s);;
>>  D=10*(s/2+1)/(s/10+1)
D  =    1e+002  +  50s  /  10  +  s
>>  L=G*D;;S=1/(1+L);;T=L*S;;
>>  bode(tf(L),tf(S),tf(T))

>>  Dtustin=c2d(tf(D),.025,'tustin')
Transfer  function:
45.56  z  - 43.33
---------------

z  - 0.7778
Sampling  time:  0.025

3 5 9

( )L s

( )T s

( )S s

45.56 43.33( )
0.7778
zD z

z
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Metoda MPZ (viz Franklin)
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je- tak, 
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iz e
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1 1z
1 1z

1z
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-

se specifikacemi OS < 16%, Ts(1%) < 10 s, ess na rampu se 
Tr

OS
Ts
ess

- - 2005 35

1( )
(10 1)

G s
s s

0.5
0.46
0.1vK

v -

10 1( )
1

sD s
s

>>  g=1/s/(10*s+1);;d=(s+1)\(10*s+1);;  L=g*d
L  =                                          

1    /    s(s+1)
>>  T=L/(L+1)
T  =                                                              

1  /(s+0.5000+0.8660i)(s+0.5000-0.8660i)
>>  c=g.den*d.den+g.num*d.num
c  =  
(s+0.5000+0.8660i)(s+0.5000-0.8660i)(s+0.1000)

0

0

0.5
0.5 2

1( )
1

T s
s s
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vezmeme

- - 2005 36

1 1.8 0.18n rT s T
0.2T

0.02

0.2

1 1 1 0.8187 9.15
1 1 1 0.9802

bT

D C aT

a e eK K
b e e

0.9802( ) 9.15
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zD z
p
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1
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z zD z K
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1

1 0.2
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z e

p e
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>>  g=1/s/(10*s+1),  d=(s+1)\(10*s+1)
g  =  0.1000  /  s(s+0.1000)
d  =  (s+1)\10(s+0.1000)
>>  dz=c2d(tf(d),.2,'matched')
Transfer  function:
9.154  z  - 8.973
--------------- Sampling  time:  0.2

z  - 0.8187
>>  dzpol=ldf(dz)
dzpol  =  (z-0.8187)\ 9.1544(z-0.9802)

>>  gz=c2d(tf(g),.2)
Transfer  function:
0.001987  z  +  0.001974
--------------------- Sampling  time:  0.2
z^2  - 1.98  z  +  0.9802

>>  gzpol=ldf(gz)
gzpol  =  (z-0.9802)(z-1.0000)\ 0.0020(z+0.9934)
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spoj-spoj

disk-spoj

disk-disk

0.2 s
5 Hz

T
f
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>>  dz1=c2d(tf(d),1,'matched')
Transfer  function:
6.643  z  - 6.01
-------------- Sampling  time:  1

z  - 0.3679

>>  dzpol1=ldf(dz1)
dzpol1  =                                                                      

(z-0.3679)  \ 6.6425(z-0.9048)

>>  gz1=c2d(tf(g),1)

Transfer  function:
0.04837  z  +  0.04679

---------------------- Sampling  time:  1
z^2  - 1.905  z  +  0.9048

>>  gzpol1=ldf(gz1)
gzpol1  =                                                                                  

(z-0.9048)(z-1.0000)  \ 0.0484(z+0.9672)
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OK
asi do 
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4s
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5
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a
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>>  D=5/(s+5);;DD=zpk(D)
Zero/pole/gain:
5

-----
(s+5)
>>  T=1/15;;DDtustin=c2d(DD,T,'tustin'),DDmpz=c2d(DD,T,'matched'),  ...

DDzoh=c2d(DD,T,'zoh'),DDfoh=c2d(DD,T,'foh'),  ...  
bode(DD,DDtustin,DDmpz,DDzoh,DDfoh)

Zero/pole/gain:
0.14286  (z+1)
------------- Sampling  time:  0.066667
(z-0.7143)
Zero/pole/gain:
0.28347
---------- Sampling  time:  0.066667
(z-0.7165)
Zero/pole/gain:
0.28347
---------- Sampling  time:  0.066667
(z-0.7165)
Zero/pole/gain:
0.14959  (z+0.8949)
------------------ Sampling  time:  0.066667

(z-0.7165)
>>  omega=2*pi/T
omega  =  94.2478
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, kde

- - 2007

( ) ( ) ( )Cu kh Mu kh Lx kh

( ) ( ) ( )x kh h x kh u kh

0

Ah

h A

e

e d B

( ) ( ) ( )Cx kh h L x kh Mu kh

C L

L



- - 2006 48

. Z toho

- - 2007

CA h
C e

C L
0 1 2L L L h

2 2 2( ) 2A BL h
C e I A BL h A BLA ABL BL h

0
,

hAh Ae e d B

0 1

2 2
0 0 1

2

2 2

A BL hL e L L h

I A BL h A ABL BL h

0 1,L L

( ) 2L L I A BL h0L L
1 ( )L L A BL



- - 2006 49

Pak

- - 2007

ssx
M

2

2
0 1 0

2

2
C

C

M BMh A BL BM h

M BM h BM ABM h

2M I LB h M

C ss C C

ss C C

I x Mu

I L x Mu

Cu

2h h

0 1 2M M M h



- - 2006 50

A modifikovanou stavovou ZV         
s maticemi

h 
h 
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0 1 0
, , 1 0
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( ) ( ) 1 1 ( )Cu kh u kh x kh

( ) ( ) 1 1 ( )Cu t u t x t

( ) ( ) ( )Cu kh Mu kh Lx kh
1 0.5 1

1 0.5
L h
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AW_8_4.mdl
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- ZOH
Zero-Order Hold)

-

pro            a                     pro
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Tedy shrnuto
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( )G s( )D z
( )R s ( )Y s

ZOH ( )D z ( )G z
( )R z ( )Y z

( ) aG s
s a
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1
1
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11
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a
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e
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e

1 1
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e

s s a
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1 1

1

1 1

1
1

1 1
1 1

(1 )
(1 )(1 )

akT
aT

aT

aT

aT

z ze
z z e

z e z
e z

z e z

>>  sdf(c2d(tf(1/(s+1)),1,'zoh'))
ans  =                                                

0.6321                                  
---------- reduced
(z-0.3679)
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mT sekund 

periodu (m<1), nebere se vzorek pro  t < 0
vzorky 
jsou
tedy

11 ( )( ) 11
mTs mTs

lG s e eG z z zz s s s a
1

mTse
s

1
mTse

s a

( )

1( ) ( 1)
1( ) ( )aT k m amT aT

kT z z
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pro hodnoty 

1

amT aT

amT

e e
e

1, 1, 1.5da T

>>  G=tf([1],[1  1],'iodelay',1.5)
Transfer  function:

1
exp(-1.5*s)  *  -----

s  +  1
>>  Gd=c2d(G,1,'zoh')
Transfer  function:

0.3935  z  +  0.2387
z^(-1)  *  -----------------

z^2  - 0.3679  z
Sampling  time:  1
>>  Gd/.3935
Transfer  function:

z  +  0.6065
z^(-1)  *  --------------

z^2  - 0.3679  z
Sampling  time:  1

v

>>  m=0.1:0.01:1;;alpha=(exp(-m)-exp(-
./(1-exp(-m));;  plot(m,-alpha),syms  m
>>  m_sb=solve('(exp(-m)-exp(-1))/(1-exp(-m))=1')
m_sb  =  -log(1/2*exp(-1)+1/2)
>>  vpa(m_sb,3) ans  =  .380

m
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( )G s( )D z
( )R s ( )Y s

FOH ( )D z ( )G z
( )R z ( )Y z

2

1( )G s
s

>>  Gz=c2d(tf(1/s^2),1,'foh')
Transfer  function:
0.1667  z^2  +  0.6667  z  +  0.1667
------------------------------

z^2  - 2  z  +  1
Sampling  time:  1
>>  Gzp=sdf(Gz)
Gzp  =                

0.1667(z+3.7321)(z+0.2679)
--------------------------

(z-1)(z-1)

3 3 2
3 3
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6 ( 1)

T

z T z z zG z

z z
z z
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T



- - 2006 63- - 2006 63



- - 2006 64

Je-
je ve stavu

( )Y s
ZOH

( )u t( )u kT ( )y t ( )y kT

x Ax Bu
y Cx Du

x Ax Bu
y Cx Du

( )y kT( )u kT
1k k k

k k k

x x u
y Cx Du

0

0

( ) ( )
0( ) ( ) ( )

tA t t A t

t
x t e x t e Bu d

0t 0( )x t 0t t

0 ,t t
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-li  

model, kde je

1
1 1

1
1

( ) ( )
1

( )

0

( ) ( ) ( )

( ) ( )

( ) ( )

k
k k k

k

k
k

k

tA t t A t
k k t

t A tAT
k kt

TAT A
k k

x t e x t e Bu d

e x t e d Bu t

e x t e d Bu t

1kt

1kt

1k kT t t
1( ), ,k k ku u t t

kt

1( ) ( ) ( )
( ) ( ) ( )
k k k

k k k

x t x t u t
y t Cx t Du t

0

AT

T A

e

e d B
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Taylorovu

Laplaceova transformace

Caylay-
expm

0
,

TAT Ae e d B

2 2 3 1

0 2! 3! ( 1)!

i iT A AT A T A Te d IT
i

I A
B

1ATe sI AL

>>  expmdemo1

>>  expmdemo2

>>  expmdemo3
1diag iA V V 1diag iATe V e V
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jeh

x x u

0 0
1

AT h

T hA

e e

e d B e d e

( 1) ( ) 1 ( )hx k e x k e u k
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h

0 1 0
( ) ( ) ( )

0 0 1

( ) 1 0 ( )

x t x t u t

y t x t

2 2

2

0 0

1 0 0 1
2 0

0 1 0 0 0 1
2

1

Ah

h hA

h h
e I Ah A h

h
e Bd d

h
21 2

( 1) ( ) ( )
0 1

( ) 1 0 ( )

h h
x k x k u k

h

y k x k
1

1 22 2 2

2

1 2 21 1 1 11 0 1 0
0 1 20 1 1 1

C zI A B
z h h hz h z h z

z h hz z


