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Unknown input observers (UIO) can be used in the model-based fault detection and isolation (FDI) 
schemes to reduce or almost eliminate the effect of unknown disturbances on the multi input multi 
output (MIMO) plant/system. In this paper, a new FDI of the MIMO system was carried out in as well as 
the design of many fault isolation banks of UIOs has been done. These banks are used to generate 
residuals that are insensitive to unknown disturbances or noise. To make sure best detection and 
isolation of the faults, these banks generate residuals, which are sensitive to only one fault. The fault in 
the actuator is detected and isolated with a lower false alarm rate effectively. 
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INTRODUCTION 
 
Nowadays, there is a demand for high performance 
electric drives. These derive can be capable of accurately 
achieving speed command. This has necessarily lead to 
more sophisticated control methods to deal with such an 
issue. Special attention was directed induction motor 
because of known reason such as size, cost, efficiency 
(Khalaf et al., 2009). 

Fault detection and isolation (FDI) have received a 
great deal of attention in the last 20 years. As a control 
subject, the diagnosis is based on the model of the 
system under study. The model-based FDI approach 
involves two main steps: residual generation and decision 
making. This model usually represents the normal 
behavior of the system, in the absence of any fault. 
Detection of sudden or developing faults which occur in 
actuators, sensors, or other components may be 
economically reasonable and may contribute to a safe 
operation or provide a fault ride through capabilities 
(Combastel et al., 2002).   

 In the literature, the linear observers who are 
completely independent of the immeasurable dis-
turbances are known as unknown input observers (UIO).  
The principle of  (UIO)  is  to  make  the  state  estimation  
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error de-coupled from the unknown inputs (disturbances). 
An observer can be defined as an UIO for the system 

described by equation (1), if its state estimation error 
vector e (t) approaches zero asymptotically, regardless of 
the presence of the unknown input (disturbance) in the 
system.  

The systems with unknown input observers play a vital 
role in robust model-based fault detection the basic idea 
behind the use of observers for fault detections to form 
residuals from the difference between the actual system 
outputs and the estimated outputs using an observer 
(Patton and Chen, 1997). The faults of the aircraft 
actuator are detected and isolated using (UIO) (Stefen et 
al., 2005). 

The designed T–S observer is used for detection and 
reconstruction of faults, which can affect a non-linear 
model and can be applied directly for fault detection and 
isolation of actuator faults (Dan and Kai-Yew, 2006). The 
uncertainty of the model is still a big problem for selection 
and adaptation of threshold of the model-based fault 
detection and isolation (Mohammed et al., 2008). 
  The fault detection and isolation problem (FDIP) in 
dynamic systems consists of generating a diagnostic 
signal, which has to be different from zero during a 
specific fault occurrence and insensitive to other inputs, 
such as disturbances and other fault signals (Guang-
Hong, 2007). 
   Benloucif and Balaska (2006) presented  a  scheme  of  



 
 
 
 
observers with nonlinear decoupling used for residual 
generation to detect the faults in the induction machine. 
Trzynadlowsk (2001), presented nonlinear observer used 
in the fault diagnosis of the induction motor. Sarah K. 
Spurgeon (2008) presented sliding mode observers have 
unique properties, in that the ability to generate a sliding 
motion on the error between the measured plant output 
and the output of the observer. 
  Chung-Wei et al. (2006) developed a fault detection 
procedure based on the PI controller of the torque 
observer structure and the discrete wavelet transform 
(DWT) method to detect a servomechanism fault. Jason 
and Pieter (2006) studied a fault detection, isolation, and 
recovery (FDIR) system, in the case of an aircraft 
elevator redundancy control system, and demonstrate 
how to trace requirements to a design, create tests based 
on those requirements. 
Zhengang et al. (2005) propose a novel scheme of 
sensor and actuator (FDI) for multivariate dynamic 
systems in the presence of process uncertainties. Wang 
(2010) presented new approach in sensor fault estimation 
of the UIO based fault class isolation and estimation. The 
aim of this paper is to implement fault detection and 
isolation of induction motor observer-based approaches 
using unknown input observer.   
 
 
Induction motor modeling       
 
The state space of the induction motor in the present of 
faults is: 
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x∈ nR is the state vector, sI mR∈ is the output vector, 

sv rR∈ is the known input vector and d q
R∈  is the 

unknown input (or disturbance) vector.  
A, B, C and F are known matrices with appropriate 

dimensions, according to the system shown in (S.M. 
Bennett et al., 2002 and Hafiz Bilal Ahmad, 2005). 
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sqsd λλ ,  are direct and quadrature stator flux 

components 
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The values of ( AAAA 22211211 ,,,  ) as follows: 
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Where �, �s, �r are the total leakage factor, stator time, 

rotor time constants respectively.  
 

])/1[(/12 JoIrLrL sL mA ωτσ −=                                (8) 
 
Lm, Ls, Lr is the magnetizing inductance, stator 
inductance, and rotor inductance respectively, Andrzej, 
(2001). 
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I is an identity matrix and J= [0 -1; 1 0] 
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Design of the general structured UIO 
 
The first major goal of this paper is to design a full-order 
unknown input observer (UIO) based on the structure of 
equation (2).The structure of the unknown input observer 
(UIO) as follows: 
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x̂   is   the estimated state vector , z   is the state of this 
full-order observer, and F, T, K, H are matrices to be 
designed for achieving unknown input de-coupling and 
other design requirements. The observer described by 
equation (2) is illustrated in Figure 1. The error between 
the plant state vector and estimated state vector is e (t). 
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The dynamic error is: 
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Substituting the above equations in equation  (17)  yields: 
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Figure 1. Induction motor with unknown input observer.      
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21 KKK +=                                                              (19) 

 
The gain matrix K1 is found using bilinear feedback to 

cancel the first two columns in the error dynamics. K2 
can be calculated using equation (21) (Zhengang et al., 
2005) 
 

FHK =2                                                                       (20) 
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If all Eigen values of F are stable then the error e (t) will 
approach zero asymptotically, this means that the 
observer is an unknown input observer for the original 
system (Floquet et al., 2007). The most important thing of 
the model-based FDI is the generation of residuals. 

 To provide useful information for FDI, the residual   
should be: 
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Then the fault can be detected by comparing the 

function of residual generated with the threshold (J. 
Chen, 2008). There are two theorems control the 
operation conditions of the unknown input observer. 
Theorem1. There are two conditions should be satisfied: 
1. Rank (E*C) should be equal to the rank (E). (The 
checking proves that the rank (C*E) = 1), and the rank of 
(E = 1) so the first condition is satisfied. 
2. (A1, C) is detectable. 
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 HCIT −=                                                                 (24) 

 
 
 
 
There is existing gain matrix K such that the estimation of 
the errors: 
 )(ˆ)()( txtxte −= , will converge to zero when    ∞→t              
Theorem2. The second condition of Theorem 1, which 
states that the pair (A1, C) is detectable, is equivalent to 
Rank of: 
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(n, m) is the order of the system and dimension of the E 
matrix respectively.  
 
 
Fault detection and isolation algorithm 
 
Fault detection 
 
The classical observer-based fault detection scheme is to 
construct an observer, which takes the input and output 
of a system and generates a signal called residual. This 
signal is processed to decide if the system is faulty or 
healthy (Saverio Armeni et al., 2008). Fault detection and 
isolation technique for induction motor is described in the 
beginning, the state space matrices of the induction 
motor. 

Using MATLAB to find the state feedback controller (K) 
by pole placement method: 

 
),,,,(][ NRQBAlqrslK =                                           (26) 

 
    The calculation of the state gain K is chosen to 
minimize the following cost function. 
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The matrix N in equation (26) is set to zero for simplicity. 
Furthermore, returned are the solution of the associated 
algebraic Riccati equation and the closed-loop Eigen 
values.     
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In the design of UIO, the desired locations of the poles 

were selected at (s= -2,-3,-4,-5). 
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The rank’s condition of the (C*E) = rank (E) means that 
the corresponding states coupled with unknown inputs 
must be obtainable through the measurement outputs. 
So, it should be noticed that the number of output signals 
no less than the number of unknown inputs (Young-Real 
et al., 1994).  For stable system the following condition 
should be satisfied. 
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Fault isolation 
 
The detection of any fault should be followed by the fault 
isolation, which will distinguish (isolate) a particular fault 
from others, the meaning of fault isolation is simply to find 
which residual not satisfy the fault condition (Shao-Kung 
Chang et al., 1997). To prove the ability to track the 
outputs, controllability of the system and the 
uncontrollable states in the presence of faults should be 
tested, according to the following formula: 
 

),( BActrbcont =                                                       (30) 
 
The number of uncontrollable states (UC) is: UC=length 
(A)-rank (cont)     

In this paper, the length of the matrix A is 4 and the 
rank of the controllability matrix is 4.  This  mean  there  is  
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Figure 2. Additive actuator fault. 

 
 
 

 

 
 
Figure 3. Sensor fault on stator current (Isq) 

 
 
 
no uncontrollable state (healthy system).                                          
Due to equation (30), the controllability matrix is: 
 

0.7121]-   0.2680-   0.0005-   0.0049             
   0.0000            0               0              0             

0.2680;    0.7121-   0.0049-    0.0005-           
   0         0.0000           0              0             

3.9701;    0.8557    0.0018     0.0268-           
  0.0000-           0    0.0000              0             

0.8557;-   3.9701    0.0268    0.0018             
   0   0.0000-   0   [0.0000* 006+1.0e=cont

 
    
The simulation of actuator faults as additive fault will be 
shown in Figure 2, the bias fault for sensor for the 
quadrature or direct components of the stator current as 
will be shown in Figure 3. 
 
 
RESULTS AND DISCUSSION 
 
The nonlinear properties of induction motor are neglected 
as well as considering a pure sinusoidal input source. 
Simulink implementation of UIO fault detection based for 
(MIMO) system is carried out. 

In the presence of the actuator or sensor faults, this 
approach could decouple any faults. Figure 1 shows the 
unknown input observer coupled with the induction motor.  
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Figure 4. Residual generation and data conversion. 

 
 
 

 
 
Figure 5. Proposed structure. 

 
 
 
Figure 2 represents the additive actuator fault circuit. 
Figure 3 represents the stator current sensor (Isq) circuit. 
Figure 4 shows the residual generation with the 

monitoring system. Figure 5 represents the proposed 
structure of the system. Figure 6 represents actuator fault 
detection after the  response  of  the  states  exceeds  the  
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Figure 6. Actuator fault detection. 
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Figure 7. Healthy case output and residual. 

 
 
 
thresholds (0.3), Consequences of a fault in the actuator 
would most likely be instability (fluctuation). Figure 7 
represents the healthy case.  

All states are within the threshold, and the test of 
controllability of the system proves that. To check the 
number of uncontrollable states for the healthy system, 
the difference between length of matrix (A) and rank of 
controllability equal zero (no uncontrollable state). 
According to the results of equations (26) and (27) the 

system poles' locations were to left hand side of s-plane, 
which proves that the system stable for all value of s as in 
Figure 8. Figure 9 shows the results of fault isolation 
when the fault occurs in the actuator at 0.4 s.  

It shows that the residual generation method can detect 
the fault with reasonable accuracy. The nonzero (M) 
result of equation (29) may be due to uncertainty of some 
parameter of induction motor. In this paper, the induction 
motor was 4th order. Table 1 gives the parameters of   the  
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Figure 8. Stability checking after the fault isolated. 
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Figure 9. Actuator fault isolation. 



 
 
 
 

Table 1. Induction motor parameters. 
 
Item Values Units 
Power   3 Hp 
Stator resistance   0.534 Ohm 
Rotor resistance 0.816 Ohm 
Stator inductance   73e-3 Henry 
Rotor inductance   71e-3 Henry 
Magnetizing inductance 69e-3 Henry 
frequency 50 Hz 
Speed   1725 RPM 
Voltage   220 volt 

 
 
 
induction motor. 
 
 
CONCLUSIONS 
 
There have been a number of techniques developed for 
fault detection and isolation base observers named 
qualitative and quantitative over the past decade for fault 
detection and isolation various systems. 

The systems have performance specifications and 
uncertain characteristics, so it cannot be modeled 
perfectly. This paper has introduced the unknown input 
observer-based approach for fault detection of induction 
motor. MATLAB/SIMULINK implementation of the 
proposed structure had confirmed the effectiveness of 
this UIO of the FDI method. 

The unknown input observer can be detecting more 
faults like instrument faults such as gain and bias 
changes. 

For detection of fault, one filter is enough but for 
isolation a set of a filters bank are needed.  When one or 
more faults in process parameters are directly isolated, it 
is required to estimate the degree of those faults to take 
appropriate fault accommodation action, which is part of 
the fault tolerant control. 
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