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This paper describes a new fault tolerant control strategy for aircraft systems under adverse flying 
conditions. In the proposed architecture, passive and active approaches are merged together for 
the best achievable performance. The proposed FTC approach:1) utilizes robust control as the first 
line of defense to failures/parameter variations, 2) triggers a reconfigurable controller in case of 
severe impairments. Depending on the magnitude of the failure signature and the impairment 
severity, one controller will be switched over. The proposed control strategy can be implemented in 
intelligent flight control system in order to improve the operating characteristics of aircraft, reduce 
false alarms and false reconfigurations and increase safety and reliability. The effectiveness of the 
proposed approach is verified by simulation experiments conducted for the flight control of an F-16 
aircraft subject to parameter variations and actuator failures. 

Keywords: Fault tolerant control, LMI based robust control, adaptive control, actuator failures, 
aircraft systems.  

1. INTRODUCTION 

With the increased requirement on the high reliability and safety of control systems, 
research to Fault Tolerant Control (FTC) has attracted a lot of attention in control 
engineering practice over the past decades [1-6]. In most practical safety-critical systems, 
especially flight control system, designing control systems to compensate the effect of fault 
to the overall system is more considerable. A fault in a dynamical system is a deviation of 
the system structure or the system parameters from the nominal situation. Examples are the 
blocking of an actuator, the loss of a sensor or the disconnection of a system component 
due to wear or damages. All these faults yield deviations of the dynamical properties of the 
system from the nominal ones changing therefore the performance of the closed loop 
system which may result in degradation or even a loss of the system function. 

The objective of fault tolerant control design is to maintain desirable performance and 
stability properties in the event of fault and prevent local faults from developing into 
system failures that can end the mission of the system and cause safety hazards for man and 
environment [7]. Fault Tolerant design approaches can be broadly classified into two types: 
passive [8, 9] and active approach [10-11]. 

In the passive approach, robust control techniques are used to ensure that the control 
loop system remains insensitive to certain faults. The effectiveness of this strategy, that 
usually assumes very restrictive repertory of faults, depends upon the robustness of the 
nominal closed-loop system. In this structure, the robustness range of the controller is 
specified to be wide enough to accommodate specified faults within the accepted 
performance specification. For small parameter and signal changes, a robust controller is 
sufficient to achieve a passive fault tolerance. However, in many practical cases, the use of 
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robust control alone to achieve fault tolerance may involve substantial risk as the degree of 
fault insensitivity must be known a priori at the design stage and is usually limited to small 
fault effects and where control stability is guaranteed. As a non intelligent controller, 
without the use of diagnosis information and with no knowledge on fault occurrence, the 
passive system will have a very limited fault tolerance capability. 

In the active approach, the controller compensates for the effect of faults either by 
selecting a pre-computed control law (projection-based methods) or by synthesizing a new 
control scheme on line (on line automatic control redesign methods). In the pre-computed 
control law method, we have a set of pre-computed control laws for different fault 
conditions of the system. Whenever the Fault Detection and Isolation unit detects the 
presence of faults and identifies it, a particular pre-computed control law related to that 
fault will be selected. In the on-line controller redesign method, a new control law is 
calculated based on the faults in the system. In this approach the design complexity of the 
control law increases with the system complexity. The advantage of this method is that it is 
designed in such a way that it can withstand large number of faults and unforeseen faults 
also. 

The existing methods for reconfigurable controller design can be classified as linear 
quadratic regulator (LGR), eigenstructure assignment (EA), multiple model control (MM) 
direct and indirect adaptive control, pseudo-inverse, and model following, to name a few. 
However, the direct and indirect adaptive control techniques have an advantage of fewer 
false alarms, less delay between the fault occurrence and its detection and less complexity 
during the design of the controller. The direct or the model reference adaptive control 
approach updates its control parameters directly (no explicit estimate or identification of the 
plant parameters is needed), whereas the control parameters are updated based on the 
estimates of the plant model in the indirect or self tuning adaptive control approach. A 
bibliographical review on fault tolerant control systems design with an emphasis on 
reconfigurable control design techniques is presented in [12]. 

In this paper, we design a new fault tolerant control strategy that combines active and 
passive approaches. Our main motivation is to integrate the most advantageous features of 
each control approach. In the proposed strategy, one controller will be switched over, 
depending on the magnitude of the failure signature and the impairment severity. That is, 
the passive, robust-based controller will be triggered as long as the degree of impairment is 
mild and is expected to provide good performance for the nominal un-failed conditions and 
minimal stability for the severe conditions. Moreover, this controller will yield a significant 
degree of insensitivity to parameter variations reducing the number of false alarms and false 
reconfiguration and isolation. The active, adaptive-based controller will be switched over 
only when significant impairments occur, saving computational time and cost. In this work, 
we consider actuator failures in control surfaces because they may cause severe system 
performance deterioration and even lead to catastrophic closed-loop system instability, if 
not compensated for at the controller stage. 

The contribution of this paper is that it provides a simple and effective fault tolerant 
strategy. Compared to the existing work already reported in the literature [13-17], the 
contributions of this paper are in the following aspects:  

(i) The design of a new FTC approach that is a clever combination of active and passive 
FTC approaches.  

(ii) A new method based on self tuning adaptive controller is proposed to maintain high 
performance and stability in the event of loss of actuator efficiency  
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(iii) Successful implementation of the proposed approach to the flight control of an F-16 
aircraft model subject to parameter variations and actuator failures. 

Using the proposed structure, we anticipate the aircraft to maintain high performance after 
severe impairments to the actuators, thus increasing the aircraft survivability, safety and 
reliability.  

This paper is organized as follows. In section 2, the nature of the system and the design 
method of the fault tolerant controller are presented. In section 3, the proposed controller is 
applied to the flight control of an F-16 aircraft model. Section 4 highlights the controller 
performance through computer experiments followed by some concluding remarks in 
section 5. 

2. PROBLEM FORMULATION AND CONTROL DESIGN  

The problem addressed in this paper is formulated as follows. Consider a system described 
by the following state space mode: 

.
( ) ( ) ( ) ( )

( ) ( )

x t Ax t B t u t

y t Cx t

r= +

=
                        (1) 

Where the state vector ( ) nx t Î Â is assumed to be available from measurement, 

( ) mu t Î Â  is the control input vector, whose components may fail during system 

operation, ( ) qy t Î Â is the plant output. n nA ´Î Â  is the state matrix subject to parameter 

variations and model uncertainties, n mB ´Î Â  is the input, RpxnC Î  is the output matrix, 

and ( )tr  is the actuator efficiency factor. Where, the actuator efficiency factor is defined as 

follows: 0 ( ) 1i tr< <  in the event of loss of actuator efficiency in the ith actuator, with 

1,2,......i m= , and ( ) 1i tr = , otherwise. 

Our control objectives are to construct a fault tolerant controller to drive the system outputs 
( )y t  to track given reference signals ( )ry t with a good tracking performance, under both 

nominal or mild impairment and faulty conditions. 

In this paper we consider loss of actuator efficiency as a critical fault scenario because 
many aircraft accidents were caused by operational failures in the control surfaces such as 
rudder and elevator. Moreover, because actuators are the link between the control 
commands issued by the controller and the physical actions performed to the system, the 
probability of occurrence of faults in actuators is higher and more severe when compared to 
the other components. When faults occur in actuators, the actuators would not be able to 
perform the control commands completely. In such cases we say that the effectiveness of 
the actuators has been reduced. So, in order to quantify the severity of the actuator faults, a 
parameter known as actuator efficiency factor, which represents the loss of relationship 
between control command and the true actuator actions, is considered. 

That is, the problem consists of designing a dynamic output feedback controller such that 
for all initial states (0) nx Î Â and for all possible actuator faults, the trajectories of the 

closed loop system are bounded and: 

lim ( ) 0
t

te
¥

= , where ( ) ( ) ( )rt y t y te = -                  (2) 
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To achieve such objectives, we propose the following control structure: 

( ) (1 ) ( ) ( )R RCu t u t u tz z= - +                      (3) 

Where z  is a switching function; considered here as a boolean variable that serves as fault 

indicator. That is, 0z =  if the faults are due to parameter variations and system 

uncertainties, 1z =  if one of the actuators failed. The value of the switching function is set 

to the appropriate value, 0 or 1, by the Fault Detection and Identification (FDI) unit 
according to the fault pattern. ( )Ru t is a robust controller designed to deal with parameter 

variations and model uncertainties in the system. This controller will also compensate for 
some pre-specified failures. ( )RCu t  is an adaptive controller designed to accommodate for 

actuator failures having unknown failure pattern and failure values and that cannot be 
compensated for by the robust controller. It is important to point out that the notion of using 
one robust controller to compensate for actuator failure and system uncertainties is rejected 
here because the robust controller cannot adapt to changes of system failure.  

The fault tolerant architecture proposed in this work is illustrated in Figure 1.  

 
Robust Controller 

uRC 
Reconfigurable 

Controller 

Aircraft 
V  

 

uR 

Faults/Parameter  
 variations 

Reference 
input 

Pilot alert 

Residual 

Output 

FDI unit 

Control Mixer 
Module 

 

Fig.1. Block Diagram of the proposed robust fault tolerant controller 

Using the proposed architecture, both parameter uncertainties and actuator failures will 
be compensated for and a compromise between controller performance and fault tolerance 
can be reached. In addition, in order to protect the system from damages an alarm signal 
will indicate that the pilot’s attention is needed if the fault tolerant controller is handling the 
faulty situation, but at the cost of something else in the system ( too much energy 
consumption, overheating..). 

In this paper, two control strategies are considered; a robust control design using Linear 
Matrix Inequality (LMI) based method to deal with parameter variations and model 
uncertainties and an adaptive control scheme to compensate for actuator faults. 

3. LMI BASED ROBUST CONTROLLER DESIGN:  

In order to achieve the proposed control objectives and obtain optimal tracking 
performance during nominal, un-faulty operations, a performance index is considered here 
[13]. The considered performance index is a function of states, control input and integral of 
the error and is given by:  

1 2

0

( ) ( ) ( ) ( ) ( ) ( )
t

T T TJ t Q t x t Q x t u t Ru t dth hé ù= + +ê úë ûò             (4) 
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Where
0

( ) ( )
t

t dh e t t= ò , 1 Rp pQ ´Î , 2 Rn nQ ´Î  are symmetric positive semi definite 

matrices and Rm mR ´Î is symmetric positive definite matrix. These matrices are selected 

in such a way that they satisfy the performance specification. The steady state tracking error 
can be effectively eliminated by the tracking error integral action of the controller. In order 
to obtain a tracking controller with state feedback and tracking error integral, equations (1) 
and (2) are combined to result in the following augmented system: 

.

( ) 0 0( )
( ) ( ) ( )

00 ( )( )
r

t C t dt I
t u t y t

BA x tx t

e h
r

é ù - é ùé ù é ù é ùê ú ê úê ú ê ú ê ú= + +ê ú ê úê ú ê ú ê úê ú ê ú ê úê ú ê ú ë û ë ûë û ë ûë û
             (5) 

Let the augmented state vector be: 

( ) ( )
TT Tx t x thé ù= ê úë û                          (6) 

then the system (1) will be described by:  

.
( ) ( ) ( ) ( ) ( )rx t Ax t B t u t Gy tr= + +                    (7) 

Where  

0

0

C
A

A

-é ù
ê ú= ê ú
ê úë û

,
0

B
B

é ù
ê ú= ê úê úë û

, 
0

I
G

é ù
ê ú= ê úê úë û

                   (8) 

The robust controller for the augmented system (7) is designed using Linear Matrix 
Inequality (LMI) method [15-17].  

Consider a state feedback tracking controller: 

( ) ( )R Ru t K x t=                           (9) 

By the above closed loop considerations (9), the augmented system (7) will be defined by 

.
( ) ( ( ) ) ( ) ( )R rx t A B t K x t Gy tr= + +                   (10) 

For the optimization of the guaranteed cost control problem of the augmented nominal 
system, linear matrix inequality condition is recalled. The Lemma considered here is based 
on the multiconvexity concept [14-15], i.e., convexity along each direction of the time-
varying parameters in the parameter space.  

Lemma:  

For a given 0g >  if there exist symmetric matrices ( ) ( ), R n p x n pZ T + +Î  and a matrix 
( )Rmx n pW +Î  satisfying the following inequalities: 

1/2 1/2( )

* 0 0
0

* * 0

* * *

T TAZ B W AZ B W G W R ZQ

I

I

I

r r r

g

é ù+ + +ê ú
ê ú-ê ú
ê ú <
ê ú-ê ú
ê ú-ê úë û

      (11) 
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With  

1 2[ , ]Q diagQ Q= 0
T I

I Z

é ù
ê ú >ê úê úë û

                     (12) 

0Z >                               (13) 

Then the controller will stabilize the closed loop augmented nominal system (10), and 
1

RK WZ-= . 

Where the design matrices W, Z, and T are computed using equations (11) through (13). 

In the next section, we design the adaptive control law ( )RCu t  to compensate for the faults, 

namely loss of actuator efficiency, when they occur. 

Proof of Lemma:  

By the Schur’s compliment formula, (11) is equivalent to: 

1
( ) 0T T TAZ B W AZ B W GG ZQZ W R Wr r r r

g
+ + + + + + <       (14) 

1
( ) 0T T T

N N N NAZ B K Z AZ B K Z GG ZQZ ZK R K Zr r r r
g

+ + + + + + <    (15) 

Post and pre-multiplying the inequality by 1P Z-=  

1
( ) ( ) 0T T T

N N N NP A B K A B K P PGG P Q K R Kr r r r
g

+ + + + + + <     (16) 

Since 0g > , 0Q ³ , TQ Q= , 0R > , TR R= , then  

( ) ( ) 0T
N NP A B K A B K Pr r+ + + <                  (17) 

According to Lyapunov stability theorem, the controller ( )N Ru t K x= , which satisfies 

(11) stabilizes the augmented system (7). 

4. ADAPTIVE CONTROLLER DESIGN 

The online information related to the actuator efficiency is obtained by considering a target 
model: 

.

ˆ ˆ ˆ( ) ( ) ( ) ( )

ˆ ˆ( ) ( )

x t Ax t B t r t

y t Cx t

r= +

=
                      (18) 

Where (̂ ) Rnx t Î  represents the state estimates, (̂ ) Rpy t Î represents the output estimates, 

(̂ )tr denotes the estimates for actuator efficiency factor, ( ) Rmr t Î  is the control input. 

Similarly to the augmented plant model (7) the augmented system for the target model is: 

.
ˆ( ) ( ) ( ) ( ) ( )rx t Ax t B t r t Gy tr= + +                     (19) 
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Where ˆˆ( ) ( ) ( )
TTTx t t x thé ù= ê úë û ,

0

ˆ(̂ ) ( )
t

t dh e t t= ò and ˆ ˆ( ) ( ) ( )rt y t y te = - .  

Let ( )e t be the state error vector of the augmented system defined as: 

( ) ( ) ( )e t x t x t= -                          (20) 

Then the augmented state error equation will be: 

.
ˆ( ) ( ( ) ) ( ) ( ( ) ( )) ( )e t A B t F e t B t t r tr r r= + + -                (21) 

Where 1ˆ( ) ( ) ( )Rr t t K x tr-=  . 

The augmented state error equation (21) is stable if there exists ( ) ( )
1 R n l x n lZ + +Î  and a 

matrix ( )
1 Rmx n lW +Î  such that they satisfy the following linear inequalities [14,15]: 

1 1 1 1( ) 0TAZ B W AZ B Wr r+ + + <                  (22) 

With 1 0Z >  

The estimate for actuator efficiency factor (̂ )tr  is determined according to the following 

adaptive law: 

[ , ]

,

ˆ ( ) Pr { ( )}

ˆ0, ( ) , ( ) 0

ˆ ( ) , ( ) 0

( )

i i

T
i i i i

T
i i i i i

T
i i i i i

T
i i i

t oj l e Pb r t

if t l e Pb r t or

t l e Pb r t

l e Pb r t otherwise

r rr

r r

r r

= -

ìï = - £ïïïï= = - ³íïïï-ïïî

        (23) 

Where 0il > is the adaptive law gain to be designed according to the application on hands, 

0 1ir< < and 1, 1,2.. .i i mr ³ =  are the limits of the projected value and 1
1P Z -= .  

Let ( )Rm n pF ´ +Î , be the error feedback gain calculated in such a way, that (21) is 
stabilized at all values of actuator efficiency loss. The stability of the system is tested using 
its eigenvalues. All the eigenvalues of the system are negative indicating the stability of the 
system. 

The adaptive control law ( )RCu t  is computed using the following equation: 

1ˆ( ) ( )( ( )) ( ) ( )RC Ru t t I t K x t Fe tr r-= - -                 (24) 

To demonstrate the effectiveness of the proposed approach, flight control of an F-16 
aircraft with several possible faults will be considered.  

5. APPLICATION TO THE FLIGHT CONTROL OF AN AIRCRAFT MODEL F-16 

To validate the performances of the proposed approach, we provide a series of computer 
experiments conducted for an F-16 aircraft model. The aircraft model is described by [17]:  
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.
( ) ( ) ( ) ( )

( ) ( )

x t Ax t B t u t

y t Cx t

r= +

=
                      (25) 

Where [ ]( ) , , , , , Tx t u w q v p r=  is the state vector, [ ]( ) , , , , T
hr hl ar al ru t d d d d d= is the 

control input vector, 
.

( ) , , , ,
T

stabroty t q rm a bé ù= ê úë û
is the output vector. Here vu, and w  are 

the components of aircraft velocity along ZYX ,,  axis, respectively. , ,p q r are the roll, 

pitch, and yaw rate along ZYX ,,  axis, respectively. , , , ,hr hl ar al rd d d d d  are right horizontal 

stabiliser, left horizontal stabiliser, right aileron, left aileron and rudder, respectively. 
.

rotm  

is the stability axis roll rate, stabr  is the stability-axis yaw rate, ,a b  are angle of attack and 
angle of side slip, respectively (fig.2).  

 

Fig.2. Control surfaces of an aircraft. 

The overall closed-loop aircraft system is implemented in the MATLAB/SIMULINK 
environment. The parameters of the F-16 used in the computer simulations are considered 
at H =500m, T =0.1464, tV =152.4 m/s, cgX =0.35, where H  is the altitude, T  is the 

engine throttle, tV  is the total airspeed, cgX  is the reference center of gravity location.  

The values of A, B, C are given by [14]:  






































4535.00304.00454.00025.000

6401.04192.31821.00003.000

1435.1512667.62804.0000

0029.000005.00220.10046.00002.0

000163.03608.1389568.00910.0

000021.09420.50481.00153.0

A
,  

0.0239 0.0239 0.025 0.025 0

0.1722 0.1722 0.1799 0.1799 0

0.0873 0.0873 0.0076 0.0076 0

0.3149 0.3149 0.0233 0.0233 0.1205

0.1892 0.1892 0.3464 0.3464 0.1237

0.1678 0.1678 0.0147 0.0147 0.0587

B

é ù
ê ú
ê ú- - - -ê ú
ê ú- - - -ê
ê=
ê- -
ê
ê- -ê
ê
- - -êë û

ú
ú
ú
ú
ú
ú
ú
ú
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3696.22958.570000

0002958.5700

C
 

Here the following three outputs, 
.
, ,rotm a b  i.e., stability axis roll rate, angle of attack and 

angle of sideslip are considered. Computer experiments were carried out to show the 
effectiveness of the controller in the event of faults (actuator efficiency loss) in different 
actuators. Several scenarios were considered in practice, however only few illustrative 
cases are discussed here, due to space limits. 

The design parameters of the controller are obtained using trial and error. That is:  

1 [1 1 1]Q diag= , 2g = , 0.01 0.01 0.01 0.01 0.01R diag é ù= ê úë û , and 

2 0.01 0.01 0 0 0.01 0Q diag é ù= ê úë û . 

Two cases are being considered here, the first case illustrates the system performance when 
the proposed Fault Tolerant Controller (FTC) is considered, and the second case is used for 
comparison purposes and illustrates the system performance when only the robust 
controller is considered.  

The system performance was first tested in the event only parameter variations occur and 
the proposed Fault Tolerant Controller (FTC) is considered. The output trajectories of the 
closed-loop system resulting from the proposed FTC architecture are shown in figures 3-5, 
respectively. 

 

Fig 3. Stability axis roll rate with no actuator faults (FTC controller). 

 

Fig 4. Angle of attack output with no actuator faults (FTC controller).  
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Fig 5. Angle of sideslip output with no actuator faults (FTC controller). 

It can be seen that the closed-loop system is stable and that control objectives are achieved. 

Then the effectiveness and the tracking ability of the controller were tested by inducing 
actuator efficiency loss faults in the actuators. Some of the considered cases are discussed 
here. 

Case a. 1: 90% Loss of actuator efficiency in right horizontal stabilator at 5s: The system 
responses under 90% loss of actuator efficiency in the right horizontal stabilator are shown 
in figures 6-8, respectively. 

 

Fig 6. Stability axis roll rate with 90% loss at 5 sec (FTC controller). 

 

Fig 7. Angle of attack with 90% loss at 5 sec (FTC controller). 

 

Fig 8. Angle of sideslip with 90% loss at 5 sec (FTC controller). 

The above figures 6-8 clearly indicate the tracking effectiveness of the system with the 
proposed FTC strategy when there is a 90% actuator efficiency loss in right horizontal 
stabilator of the system. Similar results were obtained when we considered a 90% loss of 
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efficiency in the left horizontal stabilator at 5sec. It clearly shows that the reconfigurable 
controller was able to restore the system to its nominal operation by projecting and 
changing the parameters in accordance with the fault. The projection technique was able to 
compensate for the fault and recover the system performance within 13s of its occurrence. 

Case a. 2: 50% Loss of actuator efficiency in left aileron at 5sec. 

The system output trajectories obtained in this case are reported in figures 9-11, 
respectively. 

 

Fig. 9. Stability axis roll rate with 50% loss at 5 sec (FTC controller). 

 

Fig. 10. Angle of attack with 50% loss at 5 sec (FTC controller). 

 

Fig 11. Angle of sideslip with 50% loss at 5 sec (FTC controller). 

The above figures 9-11 clearly show that the FTC was able to compensate for the fault and 
recover the system performance via the projection technique. Likewise, several other losses 
of actuator effectiveness scenarios were considered in the rudder, the angle of slip side, the 
aileron with different percentages. And from all the simulation runs we were able to 
conclude that good tracking performance and a fast recovery was achieved using the 
proposed controller in case of faults in different actuators. The controller also retains the 
stability of the outputs at a fast rate.  

For comparison purposes, we consider next the system response when only the robust 
controller is present in the closed-loop. When only parameter variations were considered, 
the system responses matched the once obtained with the FTC and reported in figures 3-5, 
respectively.  
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Case b.: The system response with the robust controller but with loss of efficiencies in 
different actuators. 

Case .b.1: 90% loss of efficiency in the right horizontal. 

The system responses are shown in figures 12-14, respectively. 

 

Fig. 12. Stability axis roll rate with 90% loss at 5 sec (robust controller). 

 

Fig. 13. Angle of attack with 90% loss at 5 sec (robust controller). 

 

Fig. 14. Angle of sideslip with 90% loss at 5 sec (robust controller). 

Similar results were obtained when we considered 90% loss of efficiency in the left 
horizontal stabilator. The computer simulations clearly indicate the ineffectiveness of the 
system with the nominal controller to retain the original outputs when there is a 90% 
actuator efficiency loss in right horizontal stabilator of the system.  

The same observation  

Case b.2: 50% loss of actuator efficiency in left aileron at 5sec. The system responses are 
shown in figures 15-17: 
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Fig. 15. Stability axis roll rate with 50% loss at 5 sec (robust controller). 

 

Fig. 16. Angle of attack with 50% loss at 5 sec (robust controller). 

 

Fig. 17. Angle of sideslip with 50% loss at 5 sec (robust controller). 

All the cases discussed here clearly indicate that the robust controller is not able to 
compensate for loss of actuator efficiency, when they occur. However, through the different 
simulation runs we performed, we were able to conclude that the robust controller is able to 
meet the control objectives and achieve acceptable tracking performance in the event of 
loss of actuator efficiency in the ranges that are lower than 30%. Moreover, better 
performances were obtained with the robust controller under nominal conditions and 
control objectives were recovered using the adaptive controller in the event of loss of 
actuator efficiency. This justifies our control architecture which combines both structures 
for best achievable performances and optimum computational time. 

Further, in the FDI unit, the residual signal which is the difference between the actuator 
efficiency factor and its estimate was set to detect a fault and switch controllers when a 
threshold equal to 30% was reached. This is due to the fact that the robust controller will 
not be able to meet the control specifications beyond that threshold and the adaptive 
controller had to be switched over to ensure proper closed-loop behavior. 
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6. CONCLUSION 

A new fault tolerant control strategy has been developed and applied to an F-16 aircraft 
model. In the proposed approach a robust control law, namely a controller able to meet the 
control specifications in absence of faults, is combined with an adaptive control law 
designed to offset the loss of actuator failure efficiency, when they occur. In the proposed 
configuration, the adaptive controller will only be triggered when loss of actuator efficiency 
occur, which achieves a compromise between performance and fault tolerance while 
optimizing computational time. 

The proposed controller is able to maintain high performance and stability even with loss 
actuator efficiency. The main features of the proposed control strategy are its reliability, 
simplicity and robust fault tolerance.  
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