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A “mapping” from input signal(s) to output signal(s)
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• Continuous-Time systems:

• Single-Input-Single-Output (SISO) systems:

• Discrete-Time systems:

• Multi-Input-Multi-Output (MIMO) systems:
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• Memoryless systems:

y(t0) depends only on u(t0)

• Dynamic systems:

y(t0) depends on u(t)

• Causal systems:

y(t0) depends only on u(t), t ≤ t0

• Non-causal (anticipatory) systems:

y(t0) depends on u(t), t ≥ t0
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• Lumped systems:

Finite number of state variables

• Distributed systems:

Infinite number of state variables

NTUEE-LS2-System-8
Feng-Li Lian © 2007Concept of System States – 1 (2.1.1) 

Parameters:

Variables:

State Variables:

Inputs:

Outputs:
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x(t)
u(t) y(t)
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• The output is 

partly excited by the initial state at t0 and 

partly by the input applied at and after t0. 

• Therefore, there is no need to know 

the input applied before t0 all the way back to – ∞

• In general, 

state variables may or may not have physical meanings.



NTUEE-LS2-System-11
Feng-Li Lian © 2007Linear Systems – 1 (2.2)

• Linear systems satisfy the superposition property,
that is,

• Imply (1) additivity

• And (2) homogeneity
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• Zero-input response:

• Zero-state response:

• The additivity property implies:

∴ total response = zero-input response + zero-state response
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• Suppose for an SISO linear system, 

if the input is 

an output is assumed to be

System

single-input-single-output
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System
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• Then for u(t) approximated by

NTUEE-LS2-System-16
Feng-Li Lian © 2007The Impulse Response Model – 2

• Because

• Thus

• We have
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• Let

• If

• For causal systems,

And, if the system is relaxed at t0, i.e., 

(time-shifted unit-impulse)

exists, then we have 
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• For MIMO linear systems,

where

is the impulse response matrix

Multiple-Input-Multiple-Output
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• The n-dimensional State-Space model,

where  y: q×1, x: n×1, u: p×1, A: n×n, B: n×p, C: q×n, and D: q×p.
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• A system is said to be time invariant

• and any T, we have

• If for every state-input-output pair
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• Since for LTI systems 

• We write

and
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• Transfer Function Matrix
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pole-zero-gain form

• Poles and zeros of MIMO LTI systems are more complex
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• Building block
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Horizontal force balance (linear motion):

Vertical force balance (linear motion):

Torque balance (rotational motion):
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Horizontal force balance (linear motion):

Vertical force balance (linear motion):

Torque balance (rotational motion):
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Vertical force balance (linear motion):

Torque balance (rotational motion):

Horizontal force balance (linear motion):
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Under the “small movement” assumption, the system model is
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Actually a linearized state space model

May select a set of state variables as follows:
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Nominal solution: circular equatorial constant speed motion 

Linearized model w.r.t. the above nominal solution
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Linearized model w.r.t. the above nominal solution
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or, equivalently,

nominal solutions , ,

decided by E and R.
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• Linearization w.r.t. nominal solution :

• Linearization w.r.t. nominal solution :
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x(t)
u(t) y(t)
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first input
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•Discrete-time systems

With a fixed sampling period T and the integer index k

Concepts like 
causality, state, lumpedness, 
linearity, time-invariance, etc., 
are similar to those in continuous-time systems, 
also
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•Input-output description: the impulse response model
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thus

impulse response sequence

System
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discrete convolution
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The z-transform

Discrete transfer function model
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• Example 2.14: the unit-sample-time delay system
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• Example 2.15: a discrete-time feedback system

transfer function from r[k] to y[k]
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• Example: a discrete-time system with an irrational

not a lumped system
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• Improper discrete T.F. represent non-causal systems:

means
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• State-space model for discrete-time linear systems

• State-space model for discrete-time LTI systems
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• Example 2.16:

Money account w/ interest rate r = 0.015% (per day)
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and

,


