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Abstract 

 

The paper is devoted to the problem of fault isolation in technical systems described by linear dynamic models. The 

data-driven method providing a possibility to consider the systems with unknown parameters is used. To isolate faults, 

the special parallel decomposition of the initial system is suggested. This decomposition contains several subsystems 

such that the i-th subsystem is free from the i-th fault. This property allows to consider the faults independently of one 

another and to develop the fault isolation procedure. To construct such decomposition, special algorithm is suggested. 

To apply the data-driven method, each subsystem should be transformed into well-known identification canonical form. 

The theoretical results are illustrated by the example. 
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1. Introduction 

 

The problem of fault diagnosis in technical systems was extensively investigated for the past 25 years; see, 

e.g., the papers [6, 7, 8, 13, 14, 16, 18], the books [2, 3, 9-12]. Many problems have been studied and solved: different 

methods of residual generation and relationships among them, robustness and adaptive threshold test, H  approach, 

fuzzy logic. Many types of systems have been considered: linear, bilinear, linearly-analytical, descriptor, different 

classes of nonlinear systems. Many practical examples have been considered; see, for example, books devoted to 

industrial and mechatronic systems [3, 11, 12]. 

There exists a promising method of fault diagnosis known as “model-free” or “data-driven” method developed 

for fault detection in technical systems described by linear models mainly [1, 4, 5, 15, 17]. The feature of this method is 

that parameters of the system under consideration may be unknown. Therefore, this method may be named as the non-

parametric one as well.  

The peculiarity of the method developed in [1, 4, 15] lies in the fact that it allows to detect faults only but not 

isolate. However, many practical applications need in more precise information about the faults, i.e. they need in fault 

isolation. Timely and exact fault isolation allows to reduce the working expenses. The purpose of the present paper is to 

develop the procedure based on the data-driven method which allows to isolate the faults.  

The method suggested in [1, 4, 15] assumes that diagnostic procedure uses the matrix V  built on the basis of the 

measurements ))(),(( tytu , Tt ,...,1,0 , for some temporal interval T , where )(tu  and )(ty  are vectors of control and 

output, respectively. Decision making is based on the kernel of the matrix V  using to generate the residual. 

 

2. Preliminaries 

 

Consider the discrete-time linear control system described by the model 

 

)()()()1(

1

tDtGutFxtx

s

i

i 


, )()( tHxty   (1) 

 

where ,nRXx   ,mRUu   and 
lRYy   are vectors of state, control and output; HGF   ,  , , and iD  are 

constant matrices, one assumes that the matrix F  is nonsingular; 
T

21 ),...,,( s  is the vector corresponding to the 

faults: for the healthy system 0 i , if the i-th fault occurs, )(ti  becomes an unknown function of time, si ,...,2,1 . 

Notice that non-singularity of the matrix F is a limitation on the class of systems under diagnosis. 

The main idea of fault isolation suggested in the paper is based on the decomposition of the initial systems shown in 

Figure 1. Here 1 , 2 , …, p  are some subsystems, 
)1(y , 

)2(y , …, 
)( py  are some linear functions of the output 

vector y : 

 

yRy )1()1(  , yRy )2()2(  , yRy pp )()(    

 

Here lp  , sp  ; )1(R , )2(R , …, )( pR  are some matrices to be determined.  

To solve the problem under consideration, one assumes that elements of the vector 
T

21 ),...,,( s  are distributed 

among 1p  sets },...,,,{ 210 p  so that the subsystem 1  does not contain the elements from the set 1 , the 

subsystem 2  from the set 2  and so on; the elements from 0  are contained in all subsystems. 

 

 
 

Fig. 1. Decomposition of the initial system 
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To isolate the faults, the diagnostic procedure considered in [1, 4, 15] is applied to the subsystems 1 , 2 , …, p  by 

finding the matrices 
)1(V , 

)2(V , …, 
)( pV  built on the basis of the measurements 

 

))(),(( )1( tytu , 1,...,1,0 Tt  , ))(),(( )2( tytu , 2,...,1,0 Tt  , ))(),(( )( tytu p , pTt ,...,1,0   

 

respectively. The residuals 1r , 2r , …, pr  are generated on a basis of the data-driven method, and decision making is 

based on the binary matrix S  of fault syndromes  

 


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

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1011
1101


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


S   

 

where rows correspond to the residuals 1r , 2r , …, pr , columns correspond to the sets p   ..., ,  ,  , 210 ; the symbols 0 

and 1 correspond to 0ir  and 0ir , respectively. Clearly, the fault isolation procedure can be achieved with an 

accuracy of the sets p   ..., ,  , 10 . 

 

3. Subsystem i  construction 

 

Assume that the subsystem i  is described by the equations similar to (1): 

 

 


s

ij

jiiii DtuGtxFtx )()()()()( )()()1( , )()( )()()( txHty iii   (2) 

 

where ,  ,  , )()()( iii HGF  and 
)( jD  are some matrices to be determined. It is known that the state )()( tx i  is a linear 

combination of the system (1) state )(tx  according to 

 

)()( )()( txtx ii  ,  (3) 

 

for some matrix 
)(i  in the unfaulty case after the response to unlike conditions has died out. Rewriting (3) for 1t  

and using (1) and (2), one obtains  

 
)()()( iii FF  , )()( ii GG  , 0)(  i

i D , HRH iii )()()(   (4) 

 

To construct the subsystem i , introduce the matrix iD  of maximal rank such that 0i
i DD . In this case, the 

condition 0)(  i
i D  implies the equality 0)(  ii MD  for some matrix M .  

To find the matrix 
)(i  satisfying the condition (4), construct a sequence of matrices iDP :0 , ,...  , 21 PP  as follows. 

The matrix 
1P  is specified by 

0
0

1 : PNP  , where the matrix 0N  is a solution of the algebraic equation  

 

010

0





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


FP

PN  (5) 

 

represented in the form )( 00 NNN  . By analogy, set 
i

i
i PNP  :1

, where iN  is a solution of the algebraic equation 

 

01 







FP

PN i

i

, ,...1,0i  (6) 

 

represented in the form )( ii NNN  . The final step j  is specified by the condition  

 

)()( 1 jj PrankPrank 
  

 

The last condition means that the matrix jN  is nonsingular.  

Equation (6) with ji   yields the expression 
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01
1 



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

 
 FPNPN

FP

PN j
j

j
ji

i

 (7) 

 

or 0 j
j

j
j PNFPN .  

 

Theorem. The matrix i
j

ji DNNP 0
)( ...:   satisfies the first condition in (4) for some matrix )(iF . Besides, it is of 

maximal rank, and its rows are linear combinations of rows of the matrix iD , i.e. ii MD )(  for some matrix M . 

 

Proof. The last part follows immediately from the definition of matrix )(i . Denoting jj
i NNF  1)( , one obtains from 

(7) the first equality in (4) that proves the first part. To prove the rest, consider some matrix K  satisfying the conditions 

KFKF *  and 
iQDK   for some matrices *F   and Q . Replace the matrix K  with 

0QPQD i  :   

 
0

*
0 QPFFQP    

 

and rewrite the obtained expression in the form 

 

0)( 10

0

* 







 FP

PQFQ   

 

where known matrices are separated from the unknown ones. Since )( 00 NNN   is a solution of equation (5), one 

obtains )()( 000* NNCQFQ   for some matrix 0C , in particular, 00NCQ  . Therefore, 
1

0
0

00 PCPNCK  . It can 

be shown by analogy that 
2

1PCK  ,…, 
)(

11
i

j
j

j CPCK    for some matrices 1C , …, 1jC . This means that the 

matrix )(i  is of maximal rank. The theorem has been proved. 

To construct the subsystem i , set GG ii )()( :   and solve the algebraic equation 

 

0)( 







 i
H

B  (8) 

 

If this equation has a solution, rewrite the matrix B in the form )( 00 BBB   and set 0
)( : BR i   and 0

)( : BH i  , since 

in this case (8) implies the last equation in (4). Notice that since the matrix )(i  is of maximal rank, equation (8) has the 

best possibility to be solved. Thus, the subsystem i  has been built; the rest subsystems are constructed analogously.  

If 0... 0
)(  i

j
ji DNNP  or equation (8) has not a solution, the subsystem without the element i  does not exist, in 

this case this element is included in the set 0 .  

 The constructed subsystems 1 , 2 , …, p  are used to obtain the parity relations by known methods [1, 4, 

15]; the i-th subsystem i  allows to generate the residual ir , pi ,...,2,1 . The problem of fault isolation can be solved 

based on the residuals 1r , 2r , …, pr  and the matrix S of fault syndromes.   

 

4. Illustrative example 

 

For simplicity, we introduce the following notation: )1(:  txx , )(: txx  , )(: tuu  , )(: tyy  . It is assumed 

that the system is described by the equations 

 

4152121  xuuxx

2532  xxx

3521143 2  xuuxxx

4524  xux

35145  xuxx 

411 xxy  

42 xy   
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Matrices describing the system are as follows: 
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
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
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
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





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







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0000
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
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


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

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


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0000
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2D , 


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








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0000
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3D , 




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





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
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
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Consider the first fault; it can be shown that


















10000
01000
00100
00010

1D . According to the theorem, one obtains the matrix









10000
01000)1( . Equation (8) yields )10()1( R , therefore 

)1(
22

)1( xyy  . To describe the subsystem 1 , 

set  

 
T

54
)1(T)1(

2
)1(

1
)1( )(:)( xxxxxx    

 

Then 
T

3514452
T

54
)1( )()(   xuxxuxxx ; as a result,  

 

4
)1(

22
)1(

1 


xux  

31
)1(

2
)1(

1
)1(

2 


uxxx  
(9) 

 

Analogously, one may find 


















10000
01000
00100
00001

2D  and 







10000
01000)1()2( , i.e. the second subsystem 

coincides with the first one. Since the description of the subsystem does not contain the elements 1  and 2 , then 

},{ 211  .  

Considering by analogy the elements 3  and 4 , one obtains 












 


10100
00010
01001

)4()3(
 and sets  

 
T

53241
)3(T)2(

3
)2(

2
)2(

1
)2( )(:)( xxxxxxxxxx    

 

As a result, the description of the subsystem 43   is as follows 

 

11
)2(

2
)2(

1 


uxx  

2
)2(

3
)2(

2 


xx  

)2(
12

)2(
3 xux 


 

(10) 

 

Clearly, },{ 432   and 0 . Equation (8) yields )01()2( R , that gives 
)2(

11
)2( xyy  . Clearly, the matrix 

of fault syndromes is 







01
10

S .  

The subsystems 21   and 43   can be used to obtain the parity relations and the residuals 1r  and 2r , 

respectively. Thus, the problem of fault isolation can be solved with an accuracy of the sets },{ 211   and 

},{ 432  . 

To start with, the subsystem (9) should be transformed into the identification canonical form. To this end, set )1(
21 : xz   

and )1(
12 : xz  ; as a result, the model (9) takes the form 
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31
)1(

231121  uyzuzzz  

4
)1(

24122  yuzuz  
 

 

since 

 

1
)1( zy   (11) 

 

Then one makes several temporal shifts in (11) to obtain the expression does not containing the components 1z  and 2z : 

 

)()()()()1()1( 31
)1(

21
)1( ttutytztzty   

).1()1()1()()()(                    

)1()1()1()1()2(

31
)1(

4
)1(

2

31
)1(

2
)1(





ttutyttytu

ttutytzty
 

 

 

According to [1, 4, 15], the residual 1r  can be generated as follows: 

 

))1()1()()(()2(           

))1()1()()(()2()1()()(

12222

1
)1()1(

2
)1(

341





tutytytuty

tutytytutytttr
  

 

Clearly, 0)(1 tr  if 0)()1( 43  tt , i.e. when the initial system is free from the third and fourth faults. Besides, 

if 0)1(3  t  or 0)(4  t , then 0)(1 tr  except 0)()1( 43  tt .  

Since )2(
11

)2( xyy  , the subsystem (10) is of identification canonical form already. Make several temporal shifts in 

)2(
1

)2( xy   to obtain the expression does not containing the components of the vector )2(x : 

 

)()()()1()1( 11
)2(

2
)2(

1
)2( ttutxtxty   

)1()1()()()1()1()1()2( 112
)2(

311
)2(

2
)2(  ttuttxttutxty  

)2()2()1()()()2()2()1()1()3( 112
)2(

2112
)2(

3
)2(  ttuttytuttuttxty  

 

 

It can be shown that  

 

))2()()(()3())2()()(()3()1()2()( 11211
)2(

2
)2(

212  tutytutytutytutytttr   

 

Clearly, the residual 2r  is sensitive to the first and second faults except 0)1()2( 21  tt .  

 

5. Conclusion 

 

 The paper is devoted to the problem of fault isolation in technical systems described by linear models. The 

data-driven method to solve this problem is used. The feature of this method is that parameters of the system under 

consideration may be unknown. The suggested solution is based on the special decomposition of the initial system. 

Then the data-driven method is applied to each subsystem of this decomposition. The solution about the faults is based 

on the set of residuals generated by these subsystems and the matrix of fault syndromes.  

 The future plan of researches is developing a new algorithm to construct the decomposition shown in Figure 1 

in order to overcome the limitation of non-singularity of the matrix F.  
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