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Abstract 
This paper presents a nonlinear artificial neural network (ANN) control design for the 
nonlinear coupled four tanks system. The objective is to control the level of the four 
tanks at desired values and to isolate the uncertainties of the nonlinear tank system. A 
leakage factor is also considered in the system model. The robustness of the proposed 
control against the disturbances is considered. The ANN is highly nonlinear, has 
more flexibility and robust to tackle the undesired disturbances of the coupled four 
tank system. The simulation results show that the ANN has good stability 
performance. 

1. Introduction 

Every system in today world has many applications especially industrial 
applications. The liquid level control has also industrial application and has somehow 
got extreme importance especially in petrochemical industries, pharmaceutical and 
food processing industries. The basic task of controller is to provide proper output. 
Due to this reason when the level controller works well then final product will be 
error free and will be accurate, hence the quality of the final product depends on the 
accuracy of the level controller. In industries there is problem of controlling some 
specific system, so in industries the level control systems with large dead time are 
difficult to control. For the controller a point is to be set which we call set point and 
the controller track that set point and the controller improve their ability to adopt a 
new set point values automatically [1]. 

There are different controllers that operate in the world. The 
proportional-integral-derivative (PID) controller operates the majority of the control 
system. It is cleared that PID is simple and clear because it is reported that more than 
95% of the controllers in the industrial process control applications are of PID type as 
no other controller match the simplicity, clear functionality, applicability and ease of 
use offered by the PID controller. The PID controller is used for a wide range of 
problems like motor drives, automotive, flight control, instrumentation, etc.,[15]. PID 
controller involves three tuning parameters Kp, Ki and Kd. Proportional gain Kp is 
selected based on the present error, integral gain depends upon on the accumulation 
of the past error and derivative gain Kd depends on the prediction of the future errors,  
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based on the rate of change of error. All together are used 
to affect the process via a final control element to meet the 
process requirement [1, 2]. In order to overcome some 
problems that faced by PID controller, the other type of 
control methods can be developed such as Linear-Quadratic 
Regulator (LQR) optimal control. LQR is one of the best 
techniques in a sense of performance. It overcomes the 
error of PID. It is such a control scheme that gives the best 
possible performance with respect to some given measure 
of performance. Level control of coupled tanks using 
sliding mode control is presented in [15]. The performance 
measure is a quadratic function composed of state vector 
and control input. LQR also a linear controller and our 
system is nonlinear so the only way to achieve better 
performance is to use artificial neural network controller 
instead of conventional controllers. The neural network 
controller is developed based on the human skill and 
experiences about the system [3, 4]. There are some 
advantages due to which we use artificial neural network 
controller approach: 
• Neural network have a built-in capability to adapt their 

synaptic weights to changes in the surrounding 
environment. 

• It exhibits a graceful degradation in performance rather 
than catastrophic (extremely harmful) failure. 

• Mapping input signal to desired response – supervised 
learning. 

• An ANN can create its own organization or 
representation of the information it receives during 
learning time (Unsupervised Learning). 

Artificial Neural Network controller is such type of 
controller that can modify its behavior in response to 
changes in the dynamics of the process and the 
disturbances[13]. Recently, level control of coupled tank 
using neural network is presented by [9-6]. Also, the fuzzy 
logic is very powerful tool to control level of coupled tanks 
system [10]. So in short artificial neural network controller 
is a very common and important techniques used for coupled 
four tanks system. It is a lot more different from the other 
techniques. The main difference between artificial neural 
controller and PID controller is that PID is a controller used 
for the linear system but the artificial neural network logic 
controller is used for the nonlinear systems. The main 
advantage of the artificial neural network controller is that it 
updates its parameter by itself. We need to change the 
learning rate only and the parameters will be change by itself. 
Artificial neural network controller doesn’t need to 
understand the physics or modeling of plant [12]. 

In this study, ANN control strategy is developed for the 
level control of coupled four tanks system. This paper is 
divided into five sections. Section II gives the brief 
description of coupled four tank system. In section III 
discuss the detail modeling of ANN control scheme. Finally, 
sections IV and V give the simulation results and conclusion 
of the study work. 

2. Coupled Four Tank Model 

Our adapted system is coupled four tank system. The 
schematic diagram of tank system is shown figure 1. 

 

Figure 1. Coupled four tanks system 

Figure 1 is the system diagram of the coupled four tank 
system. It has two inputs which are coming from pump1 
and pump2 and one output which is going out from tank2. 
Our system has four levels. S is the cross sectional area of 
the tanks which is equal for the four tanks. pS is the 

surface area of the pipes which is equal for all pipes. 

1 2 and u u are input flow rates which are coming from the 

two pumps.x1 , x2, x3 and x4 are levels in four tanks. µ1, µ2, 
µ3, and µ4 are the flow coefficients or viscosity of the 
liquid. 

The mass balance equations for the above system is 

1
1 14( ) ( )− =

dh
U t q t S

dt
             (1) 

2
2 32 0( ) ( ) ( )+ − =

dh
U t q t q t S

dt
          (2) 

3
43 32( ) ( )− =

dh
q t q t S

dt
             (3) 

4
14 43( ) ( )− =

dh
q t q t S

dt
             (4) 
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Flow rate equation for Coupled Four Tank system can be 
expressed as [5, 6]: 

( ) 2= − −
ɺɺy i p i j i j

q S sign x x g x xµ    (5) 

Equation 5 is the general flow equation for tanks. 
Similarly the flow from tank 1 to 4, tank 4 to 3, 3 to 2 

and outflow from tank2 can be expressed as [9: 6]. 

14 1 1 4 1 4( ) 2= − −pq S sign x x g x xµ          (6) 

43 4 4 3 4 3( ) 2= − −pq S sign x x g x xµ          (7) 

32 3 3 2 3 2( ) 2= − −pq S sign x x g x xµ          (8) 

0 2 2 2( ) 2= pq S sign x g xµ              (9) 

From these flow rates equation we create the nonlinear 
equation for our system. 

1 1
1 1 1 4 1 4( ) 2

+
= − − − +ɺ

U w
x C sign x x g x x

S
    (10) 

2 2
2 3 3 2 3 2 2 2 2( ) 2 ( )

+= − − − +ɺ
U w

x C sign x x g x x C sign x x
S

   (11) 

3 4 4 3 4 3 3 3 2 3 2( ) 2 ( )= − − − − −ɺx C sign x x g x x Csign x x x x   (12) 

4 1 1 4 1 4 4 4 3 4 3( ) ( )= − − − − −ɺx Csign x x x x C sign x x x x   (13) 

Above equations show the change in levels of tanks 1, 2, 
3 and 4 respectively. 

2.1. Parameters for Coupled Four Tanks 

Model 

The coupled four tanks system has different parameters 
like surface area of tanks, surface area of pipes, input flow 
rates, maximum level in Tanks and viscosity [11]. The 
integral values which we used in our simulation are 
narrated in the table below. 

Table 1. Parameters of coupled tanks 

Parameter Values Of Three Tanks System 

Parameter Description Units 
Nominal 

Values 

S Surface area of tanks 2m  0.01540 

pS  Surface area of pipes 2m  0.00005 

max2max1 ,uu  Input flow rates m3/sec 0.00012 

x1 , x2, x3, x4 Maximum level in Tanks m 0.62 

µ1, µ2, µ3, µ4 
Viscosity or flow 
coefficients 

------- 0.5,0.675,0.5 

3. Artificial Neural Network 

The neural network is adaptive and nonlinear in nature 
which provides robust performance for the parameter 
variations and load disturbances. To efficiently An artificial 
neural network commonly known as "neural network" has 
been motivated right from its inception by the recognition 
that the brain works in a completely different way from the 
conventional digital computer. The brain is a parallel 
computer system very complex and non-linear information 
processing system). The brain has the ability to organize their 
structural components known as neurons and to perform 
certain tasks (such as pattern recognition, motor control and 
perception) many times faster than the fastest digital 
computer in existence today. For example, human vision, this 
is a task of processing information. And the function of the 
visual system to provide a representation of the environment 
that surrounds us and, above all, to provide the information 
needed to interact with the environment. To be more specific, 
the brain performs routinely reconnaissance of perception 
(for example, recognize a familiar face embedded in an 
unknown scene) in approximately 100 to 200 ms, while the 
much less complex tasks can take days on a conventional 
computer. In summary, the artificial neural networks process 
information differently than traditional computers. 
Calculation is performed in parallel through a large number 
of simple processing units, rather than in the way traditional 
serial computer architectures. Similarly, information is 
distributed throughout the network, instead of being located 
in a place or a specific address. In fact, neural computing is 
sometimes called parallel distributed processing to 
emphasize how it differs from traditional computing. In 
addition, learning algorithms can be defined simply change 
the connections between the units (and hence processing), as 
a result of an experience. For scientists and engineers, neural 
networks are a paradigm for solving problems; it is often a 
great success, especially in domains that are not well 
understood or subject to uncertainty. For linguists, cognitive 
scientists, psychologists and philosophers, neural networks 
offer a metaphor for how the cognitive processes occur such 
as perception, attention, learning, memory, language, 
reasoning and thinking. And neuroscientist’s mathematical 
simplification of the physiological processes allows the 
analysis of large networks of unity and gives an idea of how 
the myriad interactions of neurons produce the behavior. 

 

Figure 2. Neural network structure 
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• Layer 1:It represents the input xi ;       i=1,2,3 
• Layer 2: it is hidden layer where bias (bi) is added 

with input ix ; 
3

1
i i

i

n x b
=

= +∑ ;  j=1,2,3. 

It also represents the activation layer (sigmoid     

function) 
1
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+i nj
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e
 

And layer 2 is fully connected to each node of the layer 3 
though weights. 

• Layer 3: it represents the output layer of the neural 

network. 3
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andwjk is the weight connection where jk shows the 
strength of the neuron j on neuron k. 

The closed loop law of the proposed control along with 
steam boiler is shown in figure 3. The parameters of ANN 
control are updated online and adaptively by using gradient 
descent algorithm. 

Update parameter rules 
The activation function which is used in this proposed 

multi-layer neural network is sigmoid function which limits 
the desired output values between [0,1] and the bias value 
used is according to standards (bias value of 1). 

The error signal at the input of neural network (neuron in 
figure 2 is defined by 

( ) ( ) ( )= −k k ke n d n x n          (14) 

Where ( )kd n  is the targeted output and ( )ky n  is 

the computed output. 
The mean square error is given by: 

( ) ( )2

1

1

2 =
= ∑

n

k

i

E n e n  

The weight equation is given by: 

( ) ( ) ( ) ( )1kj kj j iw n w n n x nηδ+ = +       (15) 

Where 

( ) ( )( ) ( ) ( )′= ∑j j kjk k
n n e n w nδ ϕ υ  

We can minimize the error or strengthen the 
weights connections by adjusting learning rate η. We 
will compare the actual response with our desired 
response and will adjust η until we get our desired 
response. 

The closed loop diagram for the ANN control 
scheme is shown in figure 3 below. 

 

Fig 3. Closed loop of proposed control design 

4. Simulation Results 

In this section simulation results for the proposed ANN 
control strategy are given. First the open loop response of 
coupled four tanks system is given in figure 4. 

 

Figure 4. Liquid level in four tanks 

In figure 4 level in four tanks are shown when input1 is 
double of input 2 and output valve is open. Tank1 will 

reach its maximum level first, then tank4 , tank3 and tank2. 
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Figure 5. Valves flow rate 

In figure 5 valves flow rates of coupled four tank system 
is shown. The flow rate of tank2 valve is more than the 
valves between tank1 and tank4, tank4 and tank3, and, 
tank3 and tank2. 

Now results of controller with plant is given in figure 6 
and figure 7. 

4.1. Case 1 

 

Figure 6. Liquid level in four tanks 

In figure 6, it can be seen that the ANN based control 
system for coupled tank followed the reference values set 
by the user. The steady state and overshoot response for 
ANN control strategy is good. The valve between tank1 
and tank4 is open and tank1 will have the same level with 

that of tank4 due to action of gravity. As we can see from 
the figure that level of the tanks followed the reference and 
become stable when reference is reached. 

4.2. Case 2 

 

Figure 7. Liquid level in four tanks 

In figure 7, the reference value of tank1 is 0.55 m, tank2 
is 0.5 m at t=1000 sec and tank3 is 0.3 m at t=3000 sec, and 

it is clear from the figure that tank 1, tank2 and tank3 
follow reference levels. Tank4 will have same level as that 
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of tank1 because we have set reference for tank1 and 
designed our system as that tank4 will follow tank1 
reference. This showed that the ANN based controlled 
strategy has better computational ability to reached the 
reference value of tank level rapidly. Also, ANN is flexible 
and robust to track any referred value given by the user. 

5. Conclusion 

In this paper, the ANN control strategy is designed for 
the level control of coupled four tanks system. The 
proposed control scheme show better performance for level 
control of tank system with and without disturbances. Also, 
simulations results of ANN strategy based level control of 
four coupled tank shows better performance in all respects. 
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