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Robust Intelligent Control of Coupled Tanks

HADI DELAVARI, ABOLFAZL RANJBAR NOIEY
Faculty of Electrical and Computer Engineering,

University of Mazandaran
IRAN

hdelavary@stu.nit.ac.i http://nit.ac.ir

Abstract: - In this paper, the level control in coupled tanks is investigated. At first a feedback linearization 
method is applied. It is a well known fact that feedback linearization controllers are not robust to changes in 
the parameters of the system and to disturbances acting on the system. Hence a Sliding Mode Controller is 
designed. In Sliding Mode Control (SMC), fast reaching velocity into the switching hyperplane in the hitting 
phase and little chattering phenomena in the sliding phase is desired. Then a Fuzzy Sliding Mode Control 
(FSMC) in cooperation with Genetic Algorithms (GAs) in coupled tanks problem is studied. A fuzzy logic 
controller is used to replace the discontinuity in the signoum function of the reaching law in the Sliding-Mode 
Control (SMC). Parameters of FSMC are adjusted by GAs. Finally, the performance and the significance of 
the controlled system are investigated under variation in system parameters and also in presence of an 
external disturbance. The simulation results indicate performance of genetic-based FSMC controller.

Key-Words: - Nonlinear control, Sliding Mode control, Feedback Linearization, Fuzzy, Genetic Algorithms, 
Coupled Tank.

1   Introduction
Feedback linearization is now considered to be a 
popular nonlinear control method. However, there 
are some shortcomings in input-output feedback 
linearization. Recently, much active research has 
been conducted in order to solve these problems such 
as [1, 2]. This paper at first considers Feedback 
linearization control method for coupled tanks. It is a 
well known fact that feedback linearization 
controllers are not robust to changes in the 
parameters of the system and to disturbances acting 
on the system, hence a Sliding Mode Controller is 
designed.
    Due to its good robustness to uncertainties, 
sliding mode control has been accepted as an 
efficient method for robust control of uncertain 
systems. Being limited only by practical constraints 
on the magnitude of control signals, the sliding mode 
controller, in principle, can treat a variety of 
uncertainties as well as bounded external 
disturbances. The SMC guarantees the stability and 
robustness of the resulting control system, which can 
be systematically achieved but at the cost of 
chattering effect. Unfortunately, an ideal sliding 
mode controller inevitably has a discontinuous 
switching function. Due to imperfect switching in 
practice it will raise the issue of chattering, which is 
highly undesirable. To suppress chattering in sliding 
mode controllers several techniques have 
investigated in the literatures. In [3] and [4] authors 
proposed dynamic sliding mode controllers. A 
Chattering-free fuzzy sliding-mode control strategy
is given in [5], and A Novel Adaptive Fuzzy PI 

Sliding Mode Control in [6]. In [7] a fuzzy sliding 
mode based on genetic algorithms to control robotic 
manipulators is given. Chattering can be made 
negligible if the width of the boundary layer is 
chosen large enough; the guaranteed tracking 
precision will deteriorate if the available control 
bandwidth is limited.
   To reach a better compromise between small 
chattering and good tracking precision in the 
presence of parameter uncertainties, a fuzzy logic 
control is applied to deal with the discontinue sign 
function in the reaching law in SMC. 
   The objective of this paper is to propose a genetic-
based fuzzy sliding mode controller for coupled 
Tanks which has been introduced as an example of a 
nonlinear system. A set of the fuzzy linguistic rules 
based on expert knowledge are used to design the 
switching control law of FSMC. The FSMC is a 
hybrid controller, which combines the advantages of 
the fuzzy controller and the sliding mode controller. 
FSMC Parameter determination and optimization 
procedure have been performed by GA. 
   Simulation results illustrate the effectiveness of the 
proposed fuzzy sliding mode controller.

2 Twin-Tanks Model
The control of liquid level in tanks and flow 
between tanks is a basic problem in the process 
industries.
   The twin-tank system consists of two small tanks 
coupled by an orifice and a pump that supplies water 
to the first tank. The pump only increases the liquid 
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level and is not responsible for pumping the water 
out of the tank. It is assumed that the back pressure 
created by the water-head does not affect the flow 
rate of the pump significantly [3]. The twin-
connected tanks system is a nonlinear dynamical
system which the governing dynamical equations can 
be written as [3], [4]:

 
AUUh

AUUh

out

in

)( 122

121








                                   (1)

Where

)(2 211212 hhgaU    for 21 hh                            (2)

22 2ghaU out    for 02 h

Where h1 and h2 are the total water heads in Tank 1 
and Tank 2, respectively, Uin is the inlet flow rate, 
U12 is the flow rate from Tank 1 to Tank 2, A is the 
cross-section area of Tank 1 and Tank 2, a12 is the 
area of the coupling orifice, a2 is the area of the 
outlet orifice and g is the gravitational constant. 

Moreover 0Uin   means that pump can only force 
water into the tank. Let

021  hz  , 0212  hhz

Agac 221   , Agac 2122 

                         Tank 1          Tank 2

           Fig.1. Schematic of Interconnected Twin-Tanks

Also the output of the coupled tanks is taken h2(t) ,
hence the dynamic model in (1) and (2) can be 
written as:

22111 zczcz 

AUzczcz in 22112 2
                                   (3)

11 zy 

Then the goal is to regulate the system output (h2(t)) 
to the desired value (H).

3 Feedback Linearization Control
Consequently a feedback linearization method is 
applied for the coupled tanks. Let
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The inverse mapping from x to z is given by
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Then the model in (3) can easily be expressed as
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It can be easily expressed as 
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Then the feedback linearization controller is

)())(( 10 xbxfekekUin                                    (8)     
Where e=x1(t)-xd(t)=h2(t)-H, is the tracking error 
leads to the control input

)())()())((( 2110 xbxftxkHtxkUin                (9)  
With k0 and k1 are positive constants, then using (8) 
in (6) results the tracking error of the closed loop 
system:

001  ekeke                                                       (10)
Which represents an exponentially stable error 
dynamics, and the feedback linearization controller 
guarantees the convergence of h2(t) to its desired 
value H [8]. Let     A= 200 cm2,          a2= 0.25 cm2, 
a21=0.6 cm2,          g= 981 cm/sec.2,     H= 7cm and 
(0 (cm3/sec) <Uin< 40 (cm3/sec.)) and k0= 2, k1=2.
Simulation results for this controller have shown in 
Fig.2. Feedback linearization controllers are not 
robust to changes in the parameters of the system 
and to disturbances acting on the system. Therefore, 
a sliding mode controller for coupled tanks is used.

(a)

(b)
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(c)
Fig.2. (a): water level in Tank2 (b): The inflow rate into Tank1 
(c): The state trajectory in the phase plane using Feedback 

Linearization.

4 Sliding Mode Control
Sliding Mode Control is considered to be a robust 
control methodology and therefore able to handle 
changes in the plant and external disturbances 
without significant performance degradation. The 
control problem is to make the system response track 
a specified and desired trajectory utilizing a Sliding 
Mode controller. Consequently, the aim is to design 
a Sliding Mode controller as a height regulator for 
the coupled Tank in Fig.1 with the dynamic model in 
(3). Let H be the desired constant value of the output 
of the system (h2(t)), the sliding mode controller as 
follows:

)( 11 HzzS                                                     (11)
By taking the time derivative of both sides of (11), 
one can obtain:

11 zzS                                                             (12)
Using (3) results:

1222111 )2()2( zzzczzcS                    (13)
Again using (3) into (22), it follows that:
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The sliding mode controller from (14) can be 
obtained:
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Where K is the positive switch gain and
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Using (15) in to (14), results

)sgn(SKS                                                         (17)
The system states are now approaching to the 
hyperplane, and the error vector asymptotically 
reduces to zero once the system states reaches S=0, 
and h2(t) will asymptotically converges to its desired 

value H. Hence the static sliding mode controller 
guarantees the asymptotic convergence of the output 
to its desired value. If the control law Uin is chosen 
as (15), chattering phenomena will occur after the 
first time state hits the sliding surface.
   An example is presented to clarify the discussion.
The simulation results for this controller with K=20

and 1.0  has shown in Fig. 3. The results show 
the conventional sliding mode controller produces 
serious chattering phenomena as shown in Fig 3.c.
The chattering is due to the inclusion of the sign 
function in the switching term. It causes the control 
input to start oscillating around the zero sliding 
surface, resulting in unwanted wear and tear of the 
actuators.
   In order to overcome the problem, a fuzzy logic 
control (FLC) is suggested and applied in the next 
section.

                                 (a)

                                     (b)

                                                      (c)

                                                     (d)
Fig.3. (a) Water level in Tank2 (b): The inflow rate into Tank1 
(c): The time response of S (d): The state trajectory in the phase 
plane using SMC.

The main advantage of the fuzzy controller is its 
heuristic design procedure and it is a model-free 
approach. The sliding mode control approach 
guarantees the robustness and stability of the 
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resulting control system, which can systematically be 
achieved at the cost of the chattering side effect. The 
combination of fuzzy control strategy and sliding-
mode control method becomes a feasible approach to 
preserve the advantages of these two approaches.
A fuzzy sliding surface is introduced to develop a 
sliding mode controller. The IF-THEN rules of 
fuzzy sliding mode controller can be described as 
[6]:

R1: If S is NB then K is PB
R2: If S is NM then K is PM
R3: If S is ZE then K is ZE                                  (18)
R4: If S is PM then K is NM
R5: If S is PB then K is NB

   where NB, NM, ZE, PM, PB are the linguistic 
terms of antecedent fuzzy set, they mean negative 
big, negative medium, zero, positive medium, and 
positive big, respectively. The fuzzy membership 
function for each fuzzy term would be a proper 
design factor in the fuzzy sliding-mode control 
problem. The more fuzzy terms are defined, the more 
fuzzy rules will be generated for completeness.
A general form is used to describe these fuzzy rules:
Ri: If S is Ai , then K is Bi , i =1,2,3,4,5                (19)
Where Ai has a triangle membership function 
(depicted in Fig. 4.a.) and Bi is a fuzzy singleton.
Using (15), the control law Uin is:

 ))(2(2)2()[2( 122121
2

2
2

122 zzzzccccczAinU

)](.)( 2211  SsatKzczc                         (20)
Where
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0

0)(1

)(

Sif

SifS

Sif

Ssat                        (21)

From the control point of view, the parameters of 
structures should be modified automatically by 
evaluating the results of fuzzy control. Hitting time 
and chattering phenomenon are two important 
factors that influence the performance of SM
Controller. The width Φ of boundary layer will 
influence the chattering magnitude of sliding mode 
controller, and K will influence how soon the state 
reaches to the sliding surface.  We will introduce the 
GAs to the problem of determining and optimizing 
these parameters of FSMC for the system. The 
advantage of the GAs is that they don't need extra 
professional knowledge or mathematics analysis.
During the execution of the GAs, only the fitness 
function of the strings is evaluated. The performance 
surface doesn't need to be differentiated with respect 
to the change of control parameters and no 
derivatives, gradient calculations or other 
environment knowledge is necessary by GAs. 
Therefore, GAs are more suitable for this design 

problem than other searching methods such as 
gradient-based algorithm and random searching 
algorithm. 
Since GAs can consider multiple objective problem 
and the selected control parameters by GAs is based 
on the direction of the fitness function, we choose 
the tracking error and the chattering of the controlled 
system's response as the performance measures for 
selecting the parameters. 

2 02
S

PBPMZENMNB

                                                 (a)

K

k0k 2k2k

                                (b)
Fig.4. (a): The input membership function of the FSMC (b): 
The output membership FSMC

The proposed fitness function is defined in such a 
way that the selected parameters can drive the state 
to hit the sliding surface fast and then keep the state 
slide along the surface with less chattering and 
tracking error.

5 GENETIC ALGORITHMS
Genetic algorithms are searching algorithms based 
on the mechanism of natural selection and genetics. 
In this optimization scheme, the solution space (the 
design parameter space) will be coded as strings, like 
genes in nature. An objective function is used to 
evaluate the fitness of the string to the environment
[9].
   Consequently, GA is used to search the parameter 
space to find appropriate values of the FSMC 
parameters, Φ and K in (20). The definition of the 
fitness function is defined as follows:

    dtHthWtxSWy ])(),([ 2
22

2
1                 (22)

Where S(x,t) is the desired sliding surface and  (h2(t)-
H)   is the error between the real water heads in Tank 
2 and the desired value H, and W1 and W2 are the 
weight factors. The design parameters of the FSMC 
based on the GAs associated with the above control 
rules are specified as follows:
Population size = 50, Crossover probability = 0.8, 
Mutation probability = 0.02, Generations = 60, 
k belongs to [0, 30], Φ belongs to [0, 20].
Let W1=2 And W2=1, the optimal parameters of the 
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FSMC are obtained with GAs, k=14.8947 and
Φ=0.2012. From Fig.5 can be seen that h2(t) 
converges to its desired value H, and chattering is 
also greatly reduced. The FSMC with GAs control
signal in Fig. 5 is smoother than SMC control
signals.

                                                 (a)

                                 (b)

                                                    (c)

                               (d)
Fig.5 (a): Water level in Tank2 (b): The inflow rate into Tank1 
(c): The time response of S (d): The state trajectory in the phase 
plane for Genetic based FSMC.

Also the performance of the system is carried out for 
the Feedback Linearization control, traditional SMC 
and Genetic-based FSMC when the parameters of 
the system are varied and disturbances are acting on 
the system. In the presence of a step disturbance of
-5 (cm3/sec.) applied at t=100 (sec.) and with 20% 

variation in system parameters the system responses 
have shown in Fig.6, Fig.7 and Fig.8. The simulation 
results indicate that the genetic-based FSMC 
controller is more robust, also it has the smaller 
chattering than the traditional SMC.
   Therefore, it can be concluded that the proposed 
control scheme is robust to changes in the 
parameters and to disturbances acting on the system.

                                                (a)

                                                 (b)

                                 (c)
Fig.6. (a): Water level in Tank2 (b): The inflow rate into Tank1 
(c): The state trajectory in the phase plane using Feedback 
Linearization In the presence of a step disturbance of -5 
(cm3/sec.) applied at t=100(sec.) and with 20% variation in 
system parameters.

                                                   (a)

                                                 (b)

                                                (c)
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                                                   (d)

Fig. 7(a): Water level in Tank2 (b): The inflow rate into Tank1 
(c): The time response of S (d): The state trajectory in the phase 
plane for SMC, In the presence of a step disturbance of -5 
(cm3/sec.) applied at t=100 (sec.) and with 20% variation in 
system parameters.

                                                (a)

                                                (b)

                                                 (c)

(d)
Fig. 8(a): water level in Tank2 (b): The inflow rate into Tank1 

(c): The time response of S (d): The state trajectory in the phase 
plane for Genetic based FSMC, In the presence of a step 
disturbance of -5 (cm3/sec.) applied at t=100(sec.) and with 20% 
variation in system parameters.

6   Conclusion
Robust control design for coupled tanks is 
investigated in this paper. The main objective is to 
propose an effective robust method for coupled 
tanks. First a feedback linearization controller is 
designed, then for more robustness encountering 
with parameters variation, a sliding mode controller 
is used. Then to reduce the hitting time and to 
attenuate the chattering such that a high overall 

performance of small hitting time and small 
chattering can be achieved, a Genetic-based Fuzzy
Sliding Mode Controller is proposed.
    Generally, the FSMC approach is classified into 
the anti-chattering-type sliding-mode control law. 
The parameters of proposed FSMC are adjusted by 
GAs.  The advantage of the GAs is that they don't 
need extra professional knowledge or mathematics 
analysis.  The proposed control scheme is insensitive 
to the parameter variations (Uncertainties) and 
capable of being against disturbance and noise too.
    It is therefore concluded that the integrated 
performance of FSMC based on GAs is superior to 
the traditional SMC and Feedback linearization 
control. The former is more responsive, stable and 
robust than the others. Also, it provides smoother 
control signals and therefore reduces wear and tear 
of actuators.
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