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Fig. 1. Joint work of two observers for residual generation 
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2
1 )...( sFTK σ++σ+σ==ερ .                (4) 

 
Clearly, if 0=TK , then 0=FTK . 

 
3. SUGGESTED APPROACH DESCRIPTION 
 

In the approach suggested in (Yakshin & Zhirabok, 2005) 
to observer design, the matrix T is uniquely determined, and it 
is independent of the matrix K. To solve the problem of partial 
decoupling in this case, a new approach is suggested. It will be 
illustrated by the example when three observers have been built 
for diagnosis in a given system. 

The main idea of this approach is illustrated in Fig. 1 where 
two observers (O 1 and O 2) are used to generate the residual 

*
1r . Here 1R  and 2R  are row matrices, 1a  and 2a  are some 

coefficients which must be found based on the following idea. 
The influence of the factor ρ  on the residual *

1r  can be 
specified by analogy with (4):  
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where )1(T  and )2(T  are matrices describing the first and 
second observers by analogy with (3). It can be shown that  
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If these observers have different dimensions, KT )1(  and 

KT )2(  have different numbers of rows. Therefore the matrix 
)1(T  or )2(T  must be supplemented with zero rows. Denote 

the number of rows in these matrices by k. 
Minimization of 2

ρε  gives 021 == aa  as a rule (except the 

case KaTKT )2()1( =  for some a that gives 11 =a , aa −=2 ). 
To solve this problem, consider the influence of the faults fε  

on the residual *
1r  that can be specified in the simplest case as 

2
2

2
1

2 aaf +=ε  and maximize this influence. The influence of 

the factor ρ  (i.e. the value ρε ) in this case must be limited by 
certain number σ . By this means, the constrained optimization 
problem can be formulated as follows: 
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To solve this problem, Lagrange multiplier technique is used 
that gives an unconstrained optimization problem: 
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λ is a Lagrange multiplier parameter. 

It can be shown that this task results in the following 
equations: 
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An analytical solution of these equations is unwieldy; the 
numerical one can be obtained on the basis of mathematical 
packages. 

By this means, the pair {first, second} observers generates 
the residual *

1r ; by analogy, one can use the pairs {second, 

third} and {first, third} observers to generate the residuals *
2r  

and *
3r , respectively. It can be shown that quality of diagnosis 

is not impaired in this case.  
 
4. CONCLUSIONS 
 

The paper deals with the problem of the observer-based 
fault detection and isolation in dynamic systems described by 
structural schemes including blocks with transfer functions and 
static nonlinearities. Using a bank of observers, fault isolation 
will be performed with an accuracy of a set of blocks 
corresponding to some observer. In some cases this accuracy 
can be improved. The approach to minimize the influence of 
the unknown inputs factor based on using pairs of observers has 
been suggested. 

Next steps of this research are diagnosis in dynamic 
systems with transfer functions containing nonlinear blocks 
described by the product )()( pzpz ji  and blocks with multy 
inputs.  
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