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AT LDOBE System Concept

B URTLOBRER

B System Element
— AR, YRTFLMRERYIR), A

— Input, System(Processing Box), Output

B AHHIORRERF

®  Relation of Input and Output
— ER# (Causal)

— Causal
o ALMDARNRR)NMZSNIzEE, TNITHET HH - Itis a relation when some input is fed into
NEHER)NELLE R system, corresponding output can be appeared
— 3EERSE# (Non-causal) — Non-causal

- ERMTIEAGRVER = Relation which is not causal
. BMIRTA

B Dynamic system
— AHALRTLABRBHTEEGRERENFE

— Input-output system is not static, but transient
response exists
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B 2T LDOESE (1) Dynamic Syst?:rL\; Classification

®  Continuous-time and discrete-time system

nOEHROBER

— EREER — Continuous-time system
- WE, RE, TRNLXF—HE - Material, flow, energy etc.
— BEEREFRIR

— Discrete-time system
o TADHIVEES, AVEA—RVRTLIGE
o A/DERIZLDYUTILBELEEND
o YUTIERELTFEND

= Digital signal, computer system etc.
= Sampling process by A/D is included
= It may be called sampled-data system

n R REFRER
- @R

o X1m>Yi, XY, HD ax,+bx,-> ay,+by,

B Linear and non-linear system
— Linear system

* If X;->y;, X,->y, , we have ax;+bx,-> ay,+by,
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B AT LDIESE (2)

. EREHREDHELR
- EhEHR
- AHANEREPREOREZARMICET2EMHOHEXT
EkEhd
- HTEHR

- AHAEREPREORFEINEMEZMICET HRMNH
B TiRdREhD

m FEERLFEER
- HER
> TRTOBZIZHETEREBREEH NN —RIZRESND
- HEER
- REPREATRAMICEHTIRNEETHE
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Dynamic System Classification
€3]

B Lumped and distributed parameter system
— Lumped parameter system

< Relation of in/out put and internal state are described
by ordinary differential equation with regard to time

— Distributed parameter system

= Relation of these states are described by partial
differential equation with regard to time and space

®  Deterministic and stochastic system
— Deterministic system
= Internal state and output at any time is determined
uniquely
— Stochastic system
< Internal state has irregular variation
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B AT LOESE (3)

B BREREFER
- BTRER
- BMIRTLEMAARISHIVEELSHEXTETL
ELizEE, ZhoDEBARRICELT—E
- BEXR
- LRTHREASHMEBELSSE

% —RICHPET L ORBHEFRMICBL T—E451EE R R(stationary system), —
ETHITNIEIEE R R (non-stationary system) & 50
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Dynamic System Classification
3)

B Time-invariant and time-varying system
— Time-invariant system
= When dynamic system is modeled by differential
equation, its parameters are constant with
regard to time
— Time-varying system
= Parameters above includes temporal fluctuation

Note: In general, if parameters of a mathematical model are constant with
regard to time, it is called stationary system, otherwise, it is called non-
stationary system
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B ATLDETIL (1)

B LRTLABHETEROBAICE, ALHEENSEEENE
ROBIENTES.

B BERTE, BAOARF), HNEYOELEES, MEMICE
BARELEREOB SNBSS RT AL, UTFOEHHER
=9 .

y(t)+ay(t-1)+--+a,y(t-n)
=byu(t)+bu(t-1)+---+bu(t—m)

nZmigs T/ 8—EEA
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Model of Dynamic System (1)

B Transfer function can be obtained from input and
output relation when system is linear invariant.

® |In discrete system, let input and output be u(t) and y(t)
at time t. Dynamic system, which is practically realized
and satisfies causality, holds the following differential
equation..

y(t)+ay(t-1)+--+a,y(t—n)
=byu(t)+bu(t-1)+---+b u(t—m)

It is called “proper” if nZm
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B ATLOETIL (2)

. ESHEAL LR
Y(z2)=G(z2)U(z)
by +bzt+--+b, 27"

G(z)=
l+az ™t +-+a,z"

B HAYQISHEVE@)D MHEHEEICIE

Y(z)=G(z)J(z)+V(z) V)

U(2) Y(2)
<

{8533 / Signal Theory 13

Model of Dynamic System (2)

m  Apply z-transform to differential equation
Y(z)=G(z)U(z)
by +b,zt+--+b,z7"

G(z)=
l+az ™t +-+a,z"

B When noise V(z) is added to output Y(z)

Y(z)=G(z)J(z)+V(z) Vo)

U(2) Y(2)
5
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zZH (1)

B ARES x(n) [THLT, $UTULTICET HEALRE
=exp(jal2f,) EMET DL, x(n) DzEBRBIVHERIERKT
EERIND.

o

X(z)= Y x(n)z"

x(n):%ﬁX(z)z”’ldz

C:HERTFEICHITHEMALORARTES
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Z-Transform (1)

B To the input x(n), by defining the unit delay regarding
sampling as z=exp(jo/2f,), z-transform and the Inverse
transform of x(n) can be given as

o

X(z)= Y x(n)z™"

n=—w

x(n):gj'jiX(z)z"’ldz

C: Circular integration on the unit circle
on the complex domain
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zZ R (2)

u EREREES x(n) ISHTEEERB AT LGMLE)IE A
FEB x(t) ETANEDAISLREE h(n) DBHAHTERSN
%

y(n)=x(n)*h(n)= ih(ﬂ*k)x(k)

B AU/LRIEE h(n) [2HBLT n BAERTHNIE, FIR (Finite
Impulse Response) 74 /)LALIEEN, FERICHEGET L 1IR
(Infinite Impulse Response) 74 /LA EMEENS.

Y(z)=H(z2)X(2)
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Z-transform (2)

B Linear invariant system (filter) to the discrete signal
x(n) can be represented by convolution of the input x(t)
and filter’s impulse response h(n).

y(n)=x(n)*h(n)= 2h(n—k)x(k)

B The impulse response h(n) is called FIR (Finite Impulse
Response) filter when n is limited, and is called IIR
(Infinite Impulse Response) filter if n is not limited.

Y(2)=H(2)X(z)
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zZ# (3)

B EEBEMORTLOZERIZEDRE

Y(z)=H(z)X(z)

X(2) Y(2)

—_—

TI? [+ Thv

x(0) X(1) X(2) .. h(O) h(1) -. h(N-1)  v(O)(1)y(@)y(3) ..
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Z-transform (3)

B Representation of linear invariant system by z-
transform.

Y(z)=H(z)X(z)

X(2) Y(2)

TI? [+ Thv

X(0) X(1) X(2) . h(0) h(1) .. \(N-1)  J(0)y(L)y()y(3) ..
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REZHETIL (1)

B AERESSVAHNEHZENEES HRX TR, AHEHr
8, HAZHIE, KEEHNE

u, X Yy
u= u'z X = X_Z y= y_z
u, %, Y,
. REARABLICHNAREXL, BT, g ICLYUTOLSIE

7%
x(t+1)= f(x(t), u(t), t)
y(t)=g(x(t), u(t), t)
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State Variable Model (1)

B |nternal state and input/output variables are described
by n-th order differential equations. For r-input, I-output

and n-state,
[XI W [ y;‘
XZ yZ

M

7L

B State variable equation and output equation can be
written by function f, g.

x(t+1)= f(x(t), u(t), t)
y(t)=g(x(t), u(t), t)
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REZHETIL (2)

n REAEXCHAAERZTIRA TR T HL
X(t+1)=A(t)x(t)+B(t)u(t)
y(t)=C(t)x(t)+D(t)u(t)

ZZIZ, A@M)IEnxnfk#k4T51I (coefficient matrix)
(0)[EnxrBEENTTHI (driving matrix)
(B)[FIxnit 73475 (output matrix)
D()IXIxr{zE 175 (transmission matrix)

B
C
. BREDBAICE, A, B, C, DIXDOBEMTIIALES
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State Variable Model (2)

B State variable equation and output equation in matrix
form

X(t+1)=A(t)x(t)+B(t)u(t)
y(t)=C(t)x(t)+D(t)u(t)
where, A(t) is nxn coefficient matrix
B(t) is nxr driving matrix
C(t) is Ixn output matrix
D(t) is Ixr transmission matrix

B |n case of invariant system, A, B, C, D are not
functions with regard to time t
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KEEHETIL (3)

B EEERETILEREERET ILOBREz-EHRICKY
zX(z)=AX(z)+BU(z)
Y(z)=CX(z)+DU(z)

EERLTREBRBITIGCERS
Y(z)=G(z)U(z)
G(z)=C(z1-A)'B+D

&S5 / Signal Theory
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State Variable Model (3)

m  Relation of transfer function model and state variable
mode are written by z-transform

zX(z)=AX(z)+BU(z2)
Y(z)=CX(z)+DU(z)

then, transfer function matrix G(z) is obtained
Y(z)=G(z)U(z)
G(z)=C(z1-A)'B+D
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AT H AR LERS

B IANIHE S DEHBEFER
X(t+1)=Ax(t)+b(t)u(t)
y(t)=c'x(t)+du(t)

m AHI#MERER, (Controllable canonical form)

{855 / Signal Theory

0 1 0 0 0 0
0 0 1 0 0 0
A= : : b= c=
0 0 0 0 1 0
-, —a,, —a,, —a, —o 1

Controllable Canonical Form

B Linear invariant system with 1-input and 1-output
X(t+1)=Ax(t)+b(t)u(t)
y(t)=c'x(t)+du(t)

m  Controllable canonical form

0 1 0 0 0 0 B,
0 0 1 0 0 0 By
A= : : b= c=
0 0 0 0 1 VA
-a, —a,; —a,, -a, -a, 1 B
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AIER AR AR

B IANIHE S DEBEFER
X(t+1)=Ax(t)+b(t)u(t)
y(t)=c'x(t)+du(t)

m  A[EAIZ#RZ (Observable canonical form)

00 0 -a A, 0
10 w0 —an| || |0
P L 0 T VS P
00 0 -a 5, 0
00 - 1 -ag A 1
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Observable Canonical Form

B Linear invariant system with 1-input and 1-output
X(t+1)=Ax(t)+b(t)u(t)
y(t)=c'x(t)+du(t)

®  Observable canonical form

00 0 -a 2 0
100 -a, Pos
P ] A LU R
00 0 -a B,
00 1 -q A
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e ekt

m /L RIGEBH (Pulse transfer function) G(z)

-1 -2 -n
T+ pr e+ B2
O A !
l+az +-+a,z

LIRS €3

[d, i=0
h= a+p, i=12,--n

-1 -n
:}/OJr}/lZ +etyZ

G(z)
l+azt+ a2

{8533 / Signal Theory 31

Transfer Function

®  Pulse transfer function G(z)

-1 -2 -n
T+ pr e+ fi2
G(z):’B1 ’ﬁz /2’,17" +d
l+az +-+a,z

m  Convert coefficients

[d, i=0
Sla 1 p, i=12;-n

-1 -n
:}/OJr}/lZ +etyZ

G(z)
l+azt+ a2
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1

B AN EVEQDOHBFIRT ILEHE), AHUE), HHY(©)
Y(z)=H(z)U(z)+V(z)
H(z):z”:h,z i
x(t+1):]Ax(t)+bu(t)
y(t)=c'x(t)+v(t)

010 -0 0 h,
0010 0 h.
A= 1 HLob=li] c=|
-1 0 h,
1 hy
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Example

B FIR filter H(z), input U(z), output Y(z) with additive noise
V(@)

Y(z)=H(z)U(z)+V(z)
H(z):zn:h,z i
x(t+l);Ax(t)+bu(t)
y(t)=c'x(t)+v(t)

010 -0 0 h,
0010 0 h.
A= 1 b=, c=]
000 -1 0 h,
000 -0 1
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A FI1E0 4 & AT ERI 1%

u EECR ORI
— BEROKEHEXENT, TEOVHKEX)=xE LU
FEBOEFLVRRKEA EADNT=LE, BREFM T &X
BT HIEADUOLFETLIE, SRTLRAHETHDE
LS.

n EEBROTHRAIME
— BBROREAERICHENT, AAuOHEEHOEE, BZ)
t=005HSERREMIH 1T H Dy DFAEERLT, FIH
REXO)E—BMITRET LN TENE, S RTLIETAH
BTHHENS.
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Controllability and Observability

®  Controllability in discrete system
— On state equation in discrete system, when arbitrary
initial status x(0)=x, and arbitrary desired final status
X; are given, if control input u(t) that convert x;to x; in
a certain time period exists, system is called
controllable.

B Observability in discrete system
— On state equation in discrete system, input u(t) is
known, if the initial state x(0) can be uniquely
determined by using observed value of output y(t)
for certain period from time t=0, system is called
obserbable.
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