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Complex systems description
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Complex systems description

Complex input output system with M elementary subsystems MOOO ...,,, 21 . 

)( mmm uFy =                                                       

 

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
=

=Ì³³³=Í
M

m

m
S

M SSu
1

21 ,RUUUU 3 , 

vector of all complex system outputs:       ä
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L

M LLy
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21 ,RYYYY 3 ,               

and x is S
~

 dimensional external input vector 
Sx
~

RUX ÌÌÍ . 



Complex systems description
The structure of the system is given by the relation: 

 

                                       BxAyu += ,                                    

where: A is LS³  and B is SS
~
³  zero ï one matrix.  

The matrix A defines the connections between system elements, i.e.: 
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and matrix B shows the external inputs, i.e.: 
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Complex systems description

External complex system outputs:    
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L
~

 dimensional vector v, distinguished all outputs defined by LL³
~

 matrix C,  
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The external output vector:   { } LyCvyvv
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Complex systems description
BxAyu +=  
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Cyv=  
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Complex systems description

Let us denote it by: )(
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                               )( BxAyFy += .                    

By solving this with respect to y we obtain: ),;( BAxFy 1-=                   

 

                           )(),;( xFBAxFCv == -1
.            



Identification of complex systems with 
restricted measurement possibilities

Let us consider complex system with M elements MOOO ...,,, 21 . The structure of the complex 

system is given by matrices A and B. Static characteristics are known with accuracy to parameters:  

),( mmmm uFy q=  

mu  and my  are input and output of m ï th elements,  Fm is a known function mq  is Rm ï dimensional 

vector of unknown parameters: 
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Only external inputs x and outputs v shown by matrix C are measured.  

Now a new question appears: Is it possible to uniquely determine plant characteristic parameters based 

on restricted output measurements?  
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Identification of complex systems with 
restricted measurement possibilities

The following examples show the problem.  

 
Cascade structure of two elements  

 

For the above case the system description has the form:  
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Identification of complex systems with 
restricted measurement possibilities

Example 1 Let static characteristics of the first and second element are: 
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The system as a new element has the form:  211
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is a vector of unknown parameters of complex system characteristic.  

For external inputs 00 21 >> xx , , 21 xx ¸  outputs v1 and v2 were measured ( 2=N ).  

Now the system description has the form: ù
ú

ø
é
ê

è
=ù
ú

ø
é
ê

è
=ù
ú

ø
é
ê

è
+

+

221

211

1

1

22

12

2

1

qq

qq

q

q

q

q
ln

ln

x

x

e

e

x

x

v

v
,                                       

and identification algorithm:       

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

-

-

-

-

=ù
ú

ø
é
ê

è

12

1221

12

12

2

1

xx

xvxv

xx

vv

lnln

lnlnlnln

lnln

lnln

lnq

q
.                                    



Identification of complex systems with 
restricted measurement possibilities

Example 2 Now let us assume, that both elements are linear ones, 

                                 111 uy q=     222 uy q= .                              

The description of the system as a new element has the form: 

                                           xv 21qq= ,                                        

[ ]21 qqq =T
 is a vector of unknown parameters.  

For external inputs 21 xx ¸  outputs v1 and v2 were measured ( 2=N ).  

Now the system description has the form: ù
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Deterministic separability
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where q is a vector of all parameters of particular elements i.e.: 
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The characteristic of the system as a whole with external inputs x outputs v is: 

                                ),(),;,( qq xFBAxFCv
df

== -1
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Deterministic separability
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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Now, the relation is: 
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Deterministic separability

( ) ( )BxAIyBxAyuy
1-

X-=Ý+X=X= . 

Taking into account system structure and measurement possibilities the description of the 

whole system has the form: 

( ) xBAICv XX
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-= , 

under condition that ( )AI X-  is non-singular matrix. Notice that complex system composed 

by linear elements gives linear system 

xv X
~
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where: 
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Deterministic separability
Definition 2 The complex system with a given structure and characteristics of each  

element known with accuracy to parameters is called separable, if the element defined  

by measurement possibilities is identifiable.  

Using Definition of the identifiably we can conclude, that complex system is separable  

if there exists such a sequence  

[ ]NN xxxX 321= ,                                            

which together with corresponding results of output measurements  

[ ]NN vvvV 321= ,                                              

uniquely determines plant characteristic parameters. In the other words, the complex  

system is separable if there exists such an identification sequence XN , which together  

with output measurements VN gives system of equations  

NnxFv nn ,,,),,( 221== q ,                                 

for which there exists the unique solution with respect to q.  



Deterministic separability
Let us notice that parameters q in the characteristic, for the newly defined element,  

are transformed. The characteristic can be rewritten in the form: 
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Deterministic separability

The form of functions F
~

 and G depends on the description of particular elements,  

system structure and measurement possibilities. Coming back to the examples,  

the characteristics for Example 1 has the form:  
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and characteristic for Example 2:  

            xxv qqq
~
== 21 ,                                                   

where    21qqq=
~

.                                                         



Deterministic separability
Theorem 1 The complex system is separable if the element is identifiable and function G is an one 

to one mapping.  

Proof:                                         NnxFv nn ,,,),
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which have the unique solution with respect to q
~

. The system of equations may be rewritten 

in the form: 
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where 
1-G  is an inverse function of G. Finally, we obtain identification algorithm: 
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Probabilistic separability
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Probabilistic separability
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