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Transfer Function LTV
Input/output map y p— T - U

from state equation _
Zlx=A - x+B-u

... extract state r — (1 . ZA)_l ZB’LL

... plug in output \

y=C -+ D - -u

Voila ...

Transfer function T _ D —|— C [1 - ZA]_l ZB

What does this mean?




Toy Example

Finite dimensional, causal matrix

=D+C(1—-ZA)™'ZB

C

By Cy




Towards Transfer Function LTV

Neumann Expansion

(1—-ZA) ' =14+ ZA+ (ZA)? + (ZA) + ...

Block Diagonal

A = Ay,

1-ZA " =

=1+ ZA+ZAZA+ZAZAZA+ ...

1
A 1
AxAq Ao 1

R A3A2A1 A3A2 A3 1




Components for Toy Example

1—2zA™

ZB =

1

A, 1
Ay A, Ay 1
AsAr A, As Ay As 1
AgAsAs Ay | AgAsAs  A4As A, 1
A Ay A3 Ay Ay | AsAgAzAy AsAAs AsA, A 1
0
By 0
By O
B; 0
By 0




Putting Stuff Together ...

Cq 1
CQ Al 1
_ Cs A Ay Ay 1
o 04 A3A2A1 A3A2 Ag 1
I Ce 1L A5 A4 AsAs Ay | AsAyAsAs AsAsAs AsAy As 1 ]
— Cl 0 =
Cy B4 0
B Cs Ao By Bs 0
B 04 A3A2B1 A3B2 Bg 0
05 A4A3AgBl A4A3B2 A4Bg B4 0
i 06 1L A5A4A3A2B1 A5A4A3B2 A5A4B3 A5B4 B5 ]
_ 0 -
CyBy 0
B C5A3By C5B; 0
o C1A3A5 B, C4A3Bs Cy1 B3 0
C5A4A3A231 C5A4A332 C5A4B3 C5B4 0
i 06A5A4A3A2Bl C6A5A4A3B2 06A5A4Bg 06A5B4 06B5 0 )




Considering Empty Matrices

0
CQBl 0
B Cs Ay B, CsB, 0
o C4A3A231 C4A332 C4B3 0
C5A4A3A2B1 C5A4A3B2 C5A4Bg C5B4 0
i C6A5A4A3A2B1 C6A5A4A3.BQ C@A5A4Bg C6A5B4 CGB5 0
Cl — Ha C16 — H? Al — H A5 — Hv B5 — H
_ 0 _
Co B4 0
) | B O3B, 0
Cy1A3A>B1 C1A3Bo C4 B3 0
| C5A4A3A:B) CsA4AsBy; CsA4Bs CsBy 0




Finally ...

0
Co B4 0
C3A2B; (3 By 0 +

C4A3A231 C4A332 0433 0
| C5A4A3AB; CsA4AsBy; CsA4Bs CsBy 0

Transfer Matrix T

D,
CQBl D2
C3A2.Bl CgBQ D3

C4A3A2B1 C4A332 0433
| C5A4A3A2B1 C5A4A3By C5A4B3

Cs DBy

Ds




Summary Example

Finite dimensional, causal matrix

Ty, 0 0 0 0
T Too 0 0 0
T37 T3 133 O 0
Ty Tao Tuz Ty O
| T51 152 53 Ts54 T5s
=D+C(1—-ZA)'ZB
[ D4 0
CyB; D>
= C3A2B; (C3Bs
C1A3A5 B, C4A3Bs
| O A4A3AsB) CiAsAsBy

0
0
Ds
Cy4 B3
C5A4Bs

o O

Dy
05 By

S OO

Ds |




Empty Matri%

As

A= As
# | operation result
I | —x| :
2 | [*x- 0]
3 | .- _
4 | |*- |
5 | x| illegal
6 | —x|al —
7 | la] x| |
8

Ay = Hv

A5 = H?

Extend matrix multiplication
(Check with Matlab)

TUTI
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Transfer Function

* Compact representation of matrix 1’

* Representation builds on state-space parameters (A, B, Ck, Dy)
in block diagonal form and Shift matrix £

* Transfer Function 7T’ is identical to impulse response matrix 7T’

TUTI
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