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Complex systems description
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Complex systems description
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Typical description (1)
Static Characteristic
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Typical description (2)
State Variable
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Typical description (3)
State Variable
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Typical description (4)
Differential Equation

Differential equation:
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Typical description (5)
Differential Equation

Example:
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Typical description (6)
Transfer Function
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Typical description (7)
Transfer Function

Example:
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Typical description (8)
Impulse response

Impulse response
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Typical description (9)
Step Response
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Typical description (10)
Transfer Function
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Typical description (11)
Impulse Response

Example (continued):
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Typical description (12)
Step Response

Example (continued):
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Typical description (13)
State Variable
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Typical description (14)
Difference Equation
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Typical description (15)
Transfer Function
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Typical description (16)
Impulse Response
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Typical description (17)
Step Response
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Typical plant models
Relation between descriptions
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Typical plant models
Relation between descriptions

Example:
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Typical plant models
Relation between descriptions

Example (continued):

()
() () () 00, ==+ ytuty

dt

tdy

Laplace transform:

()
1

1

+
=

s
sK

()
() ()[ ]tuty

dt

tdy
LL =ù

ú

ø
é
ê

è
+

Transfer function:



Complex systems description
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Complex systems description

Complex input output system with M elementary subsystems MOOO ...,,, 21 . 
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Characteristic of the m-th subsystem, input mu  and output my , Fm is a known function.  
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where: Sm and Lm are dimensions of the input and output spaces,  



Complex systems description
Let u, y, denote vectors of all inputs and outputs in the complex plant: 
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where vector of all complex system inputs:  ä
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Complex systems description
The structure of the system is given by the relation: 
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Complex systems description

External complex system outputs:    
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Complex systems description
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Complex systems description
BxAyu +=  
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Complex systems description

Let us denote it by: )(
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Complex systems description
Example 3. Description of the m ï th element has the form:  

                       mmm uy X= , Mm ,,, 221= , where: mX  is mm SL ³  matrices of parameters i.e.: 
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Complex systems description
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Taking into account system structure and measurement possibilities the description of the 
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Description of complex of 
operations
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– -dimensional vector of parameters:                               , 

– -dimensional vector of      -th operation’s inputs:                                , 

Description of complex of 
operations

– elementary static operations
MOOO ,,, 21 2

For      -th operation description is given:m

( ) ,,,2,1,, MmauFT mmmm 2==
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Description of complex of 
operations

Coordinates of the vector stand for amount of resources or size of task
for      -th operation.

mu
m

Resources:

mF – is nonincreasing function with respect to all of the vector coordinatesmu

For each we have:ma
( ) .,0 ¤=mmm aF

Tasks:

mF – is nondecreasing function with respect to all of the vector coordinatesmu

For each we have:ma
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Description of complex of 
operations

Structureof the system is described by the following graph:

{ }{ }MMG ,,2,1,,2,1 22 ³Ë

If then the      -th operation is performed just after the    -th operation ends up.( )Gnm Í, m n

The whole system completiontime: ( ),,,, 21 MTTTHT 2=

H – function determining the complex of operations completion time, dependent 
on the complex of operations structure.

where
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BASIC CONTINUOUS LINEARMODELS



Typical description (2)
State Variable
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Continuous case:

Linear case:

State vector:
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Typical description (4)
Differential Equation

Differential equation:
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Typical description (6)
Transfer Function
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Typical description (8)
Impulse Response

Impulse response
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Typical description (9)
Step Response

Step response
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Basic continuous models
Proportional
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Basic continuous models
Proportional

Examples:
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Basic continuous models
Proportional

Examples:
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Basic continuous models
Integral
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Basic continuous models
Integral

Examples:
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Basic continuous models
Integral

Examples:
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Basic continuous models
Differential

() kssK =

Doesn’t exist in reality
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Basic continuous models
Differential

Examples:
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Basic continuous models
Differential

Examples:

1L

()tu ()ty

()ti1

2L

M

()
()
()

ks
sU

sY
sK ==

()ti2 ()
()

dt

tdi
Ltu 1

1=

()
()

dt

tdi
Mty 1= Mwhere:       - transformer gear

1Lwhere:      - inductance

1L

M
k=where:    



Basic continuous models
Inertial – first-order
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Basic continuous models
Inertial – first-order

Examples:
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Basic continuous models
Inertial – first-order

Examples:
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Basic continuous models
Integral with inertia
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Basic continuous models
Integral with inertia

Examples:
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Basic continuous models
Integral with inertia
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Basic continuous models
Differential with inertia
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Basic continuous models
Differential with inertia

Examples:
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Basic continuous models
Differential with inertia

Examples:
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Basic continuous models
Inertial – second-order
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Basic continuous models
Inertial – second-order

Impulse response Step response
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1T



Basic continuous models
Inertial – second-order

Example:
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Basic continuous models
Oscillating
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Basic continuous models
Oscillating

Impulse response Step response
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Basic continuous models
Oscillating

Example:
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Basic continuous models
Oscillating

Example:
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Basic continuous models
Time Delay
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Basic continuous models
Time Delay

Example:
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Transfer function of complex systems (1)
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Transfer function of complex systems (2)

Transfer function
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Transfer function of complex systems (3)
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Transfer function of complex systems (4)

Feedback system can be described by: 
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Transfer function of complex systems (5)

where            is transfer function of closed-loop system:

is transfer function of open-loop system: 

Result transfer function for feedback system is:
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Transfer function of complex systems (6)

Feedback system can be alsodescribed by: 
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Transfer function of complex systems (7)

where is transfer function of control error:

is transfer function of open-loop system: 

Result transfer function for feedback system:
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Thank you for attention


