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Abstract – The aim of this work is to develop the actuator fault-tolerant control laws based on fuzzy logic 
applied to the model of a hydraulic system (tow tanks system) which is highly nonlinear. After dynamic 
modeling and system state modeling, we presented the theory of the two commands used in this work. 
First, we proposed a feedback linearization control (FLC), then we approached a synthesis of the controls 
with sliding mode control (SMC), The proposed methods make the hybridization between the two 
techniques, with the fuzzy technique, this last used to adjust the gains of the FLC and the SMC, finally a 
comparative study between these control laws and the performances of each and a discussion in a brief 
general conclusion.   
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I. INTRODUCTION 

following the significant and rapid development 
experienced by the industrial world, hydraulic 
systems with coupled tanks (two tanks system) are 
increasingly complex and sophisticated and the 
diagnostic task has become essential to ensure 
operational safety and availability. of these systems 
consequently, the increase in reliability, 
availability and operating safety is currently one of 
the major concerns of manufacturers. Research in 
the field of fault-tolerant control and supervision 
and the use of already existing tools in automation, 
have made it possible to develop methods of 
dependability such as the FTC affecting the 
systems [1] [2]. 

researchers to develop new methodologies for 
fault diagnosis and fault tolerant control (FTC). 
The essential objective is to assess the impact of 
failures on the reliability and safety of the system 
so that the monitoring of these systems is effective. 
Indeed, an FTC is essentially based on two 
methods: passive FTC based on robust techniques 
(PFTC) [3-5], and active FTC which consists of 

three tasks: fault detection, Fault Isolation and fault 
estimation [6]. 

A great number of academics have absorbed their 
research to passive or active FTC of level system, 
in the case of system, actuator, or sensor faults [7], 
[8]. In [8], the system is distributed and estranged, 
rendering to an applied reasoning, into partial 
procedures controlled at different levels, in [9] 
study the proposed method must work under a 
control installed with its FTC connected. Some 
works based on fuzzy logic [10], Himanshukumar 
in [11] and [12] used the FTC in the case of 
actuator and system faults, based on the Fuzzy 
Logic type 1 or type 2 of three-tank system. 

The control based on the feedback linearization 
controller (FLC is proposed by Tahir and all and 
Laucas and all [13] and [14] the objective is to 
realize the designed controller based on feedback 
linearization respectively. The papers of Nail et al. 
present a comparison betwin feedback linearization 
and backstepping controllers for coupled tanks 
system [14] [15]. 

The FTC based on the Sliding Mode Controller 
(SMC) is proposed with Rafi and Peng [16] the 
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objective is to realize the designed controller when 
the fault is introduced into the equivalent control 
part of the SMC. 

The main contribution of this paper is the 
comparative study between passive adaptive gains 
fault tolerant control of the FLC and the SMC, 
based on fuzzy logic application, since this 
controller with gains adaptation is the latest to 
regulate controller gains. 

This article is presented as follows. Mathematical 
modeling of the two tanks system is presented in 
section 2. Section 3 explains the FTC controller 
based on fuzzy gains-scheduled with a FLC and a 
SMC control. The simulation results to validate the 
robustness of the proposed approaches are 
presented in Section 4. Finally, the conclusion in 
the present paper are driven. 

II. MATHEMATICAL MODELLING OF THE
TWO TANKS SYSTEM
The hydraulic system with coupled tanks is

presented in Figure 1 [17]. 

Fig. 1 Hydraulic system with coupled tanks [17]. 

The two dynamics equations [17], for reservoirs, 
are given by: 
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and 

( )ih t : the level of the liquid in the tank i; 
C : the section of the two tanks 1 and 2; 

1q : the inlet flow generated by the pump; 

12q : the flow between the two tanks; 

0q : the flow rate out of tank 2; 

12c : the area of the coupling orifice; 

2c : the area of the outlet orifice; 
g : the gravitation constant; 

12s : the channel of section 1; 

2s : the channel of section 2; 

12a , 2a the discharge coefficients of valve 1 and 
valve 2, respectively. Finally, the nonlinear 
differential equation of the hydraulic system is 
given by: 
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with 

y : the output of the system. 
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For this system, we define the state model 
[16msila], with 
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III. FEEDBACK LINEARIZATION CONTROL DESIGN

Consider a system (10), defined by the following
nonlinear state representation: 
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With u is the control vector (input), y is the 
output vector, f(x) and g(x) are the vector fields 
respectively and h(x) is the output. If we consider 
the case of systems with m inputs and m outputs, 
we seek a static loop of the form: 

( ) ( )u x x v    (13) 

we have four steps to calculate the control law: 

 choice of system output quantities,

 calculation of vector relative degree and
change of coordinates,

 non-linear state feedback,

 Asymptotic stability and reference tracking.

A. Step 1: Relative Degree Calculation 
In our case, the commands appear for the first 

time in the second derivatives: 
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We note, for this output, a relative degree, r=2. 

B. Step 2: Calculate of the Diffeomorphism 
Diffeomorphism is used to transform a nonlinear 

system into another nonlinear system with 
performing a change of variables of the form: 

 
 

 
 

0.5 0.5
1 2 1 2 1

0.5

1 1 2 1

0

1 1 1

2 2 1

2
3

.50.5 0.5
1 2 1 2 1 2 1

0.5 0.5 0.5
2 1 2 1 2 1 1

3 1

( ) ( )

( ) ( )

(

. .

.[(

. .( ) . ) ]

0.5. (

) ( ) 0.5

)

.

.

f

u

f

z x h x x

z x L h x x

z x L h x

x x x

x x

k u x x x x x

x x x x

x

 

 

 

 













 

 

     

   

    
    



  



 (15) 

C. Step 3: Controller Design using Pole Placement 
The control law which converts the nonlinear 

model of the system (15) into an exact linear 
representation is given by: 
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where 
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IV. SLIDING MODE CONTROL DESIGN
Sliding mode control or is a technique based on

the commutation of state variable functions used to 
create a variety or a hyper sliding surface obtained 
by the cancellation of a chosen sliding surface [18], 
[19]. 

A. 1st Step: Choice of the Sliding Surface 
The linear form of the sliding surface is as 

follows: 

1

( )
i n

i i
i

s x e




 
(18) 

The nonlinear surface is that of Slotine [20] and is 
written in the following form: 

1( )nd
s

dt
  

(19) 

we define the Lyapunov function by: 

21
( ) ( )

2
V x S x

(20) 

To guarantee the stability of the system, we will 
choose the Lyapunov function in a way that 
decreases over time, so the conditions given by: 

( ) . . ( ) . ( )V s s s k s ou V s k sign s      (21) 

B. 2nd Step: Calculates the Control Law 

The command is given by: 
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eq attu u u   (22) 

V. FUZZY GAINS-SCHEDULED FTC OF THE FLC AND

THE SMC OF THE TWO TANKS SYSTEM 
The fuzzy Gains-scheduled Controller (FGSC) is 

used to tune the gains online of the FLC and the 
SMC where the tracking error is used to determine 
the control parameters, a set of linguistic rules is 
used in the fuzzy gain adaptive structure: 

  1 2, & ,FLC FLC SMi iC i iif e k is A then K K K s B C and Di (23) 

The membership functions for the input is 
defined with the Gaussian shapes (Figure 2), and 
the output variables with the singleton shapes 
(Figure 3). 

Fig. 2 Membership function for the input. 

Fig. 3 Membership function for the outputs (the gains). 

The configuration of the proposed method fuzzy 
gains-scheduled of the FLC and the SMC structure 
is exposed in Figure 4. 

Fig. 4 Fuzzy gains-scheduled of the FLC and the SMC 
structure. 

The actuator fault is assumed to be additive and 
modeled by an increase of %H  in the control 
signals rect. We assume that the fault appears at 
time t = 300 s and disappears at time t = 310 s 
(Figure 5). 

Fig. 5 Type of the actuator fault added to command u. 

The function can be considered as a signal: 

t
( ) . ( )af t H rect

T


 (24) 

such as 
rect : is the rectangular function; 
H : is the amplitude; 
T  : is the fault duration; 
 : is the center of the rectangular function rect ; 

u : is the step function, with 2 1t t . 

VI. SIMULATION RESULTS

Table 1 show the parameters of the coupled 
tanks: 

Table 1. The parameters of the coupled tanks [17]. 

Definition Parameter Value 
Section of each 
tank 

C 9350.10-6 m2 

Section of the 
variable opening 
of each valve 

s12 78.5. 10-6 m2 

s2 78.5. 10-6 m2 

Discharge 
coefficient 

c12 1

c2 0.6

Pump gain 
kp 450.10-6 m3 

/s.v 

Sensor gain ks 41 v/m 

The gravitation 
constant 

g 9.81 m/sec2 
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The results of the simulation are given in Figures 7, 
8 and 9, and the evolution of the actuator faults is 
given in Figure 6. 

Fig. 6 The actuator fault. 

(a) The error of the FLC. 

b) The command of the FLC.

Fig. 7. Simulation results of the FLC with actuator faults. 

(a) The error of the SMC. 

(b) The command of the SMC 

Fig. 8 Simulation results of the SMC with actuator faults. 

Fig. 9 Comparison between the proposed controllers: the 
SMC and the FLC with actuator faults. 
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VII. DISCUSSION

From figures 7, 8 and 9 we notice that when the 
actuator fault injected, the regulation and following 
errors are low and that there is a good tracking of 
the desired trajectories. Compared with the FLC, 
oscillations with large amplitude are observed, we 
can see also that when the actuator faults occur, the 
value of the gains decreases to avoid the overshoot 
which may be caused by the increase in command. 

VIII. CONCLUSION

The work presented in this paper summarizes the 
control of a two tanks system based on the fuzzy 
gains-scheduled in the presence of an actuator 
fault. This involves developing an adaptive gains k1 
and k2 of the FLC and the gain k of the SMC using 
fuzzy logic in order to ensure tracking performance 
in the case of fault addition, the SMC presents 
good performances when compared with the FLC. 
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