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Abstract: A multi-tank level control system has an 

example of interacting and non-interacting systems. 

In this system, we have considered three tanks each 

having equal cross-section area and each tank can be 

assumed as a first-order system that is connected in 

interacting and various non-interacting mode. The 

control system is intended to maintain the level of 

the third tank at some predefined value irrespective 

of changes in inflow of the first tank. Modern 

Artificial intelligence technique based fuzzy and 

ANN controller are designed as a powerful 

controller ton use in process industries to regulate 

and control process variables. In this work, we also 

consider the effect of the disturbance on the 

response of the system. According to these 

disturbances, we need to implement a feed-forward 

controller with a better tuning algorithm. Thus, we 

implement transfer function of above system and 

behavior is observed with step input. 

I. INTRODUCTION 

Multi tank systems are widely used in chemical and 

petroleum industries so as to control the liquid level in 

the tank. It is a challenging task as it may affect both 

pressure and flow of the process so it is important to 

maintain the level at set point. In this project, the 

transfer function of the three tank systems has been 

formulated. Three tank system is shown below  

 

 
Figure 1: Three tanks Non-Interacting system 

 

Various types of feedback controllers can be used to 

control the liquid level in the tank but the biggest 

problem is when disturbance comes into the picture. To 

nullify the effect of the disturbance we have to 

implement the feed-forward controller. To maintain the 

liquid level at the desired set point combination of 

feedback and feed forward-feedback controller is used. 

 

II. RELATED WORK 

Juan J. Gude and Evaristo Kahoraho, (2010) [7], 
according to them the Ziegler-Nichols tuning rules have 

been very influential and have been used extensively in 

the process industry. This work presents an extension of 

the modified Ziegler-Nichols tuning rules for fractional 

PI controllers. The design method consists of 

minimizing a frequency objective function subject to a 

constraint on the maximum sensitivity function MS. In 

this work, it is also demonstrated that substantially 

better performance can be obtained using PIλ instead of 

PI controllers. An interpretation of these tuning rules as 

methods where one point of the Nyquist curve is 

positioned in the desired point is also given. These 

tuning rules are compared with other tuning rules and 

shown to give good results, especially when simplicity, 

performance, and robustness are emphasized. 

 

This work presented by V.R.Ravi et. al., (2011), [2] 

control of nonlinear Two Tank Conical Interacting 

System (TTCIS) using Gain Scheduling Adaptive 

Controller (GSAC) This TTCIS is considered as two 

tank benchmark setup for interacting nonlinear systems. 

The transfer function of TTCIS was derived and the 

relationship between TTCIS parameters and PI 

controller parameters was derived for implementing 

GSAC for TTCIS. Two cases namely multiple linear 

models of TTCIS with as many PI controllers and 

nonlinear TTCIS models with GSAC were considered. 

The Genetic Algorithm (GA) was used to obtain 

optimal PI control settings in the first case. The 

experimental setup for TTCIS was designed and 

fabricated. The simulation and experimental studies 

were carried out for all the two cases on a benchmark 

TTCIS. The advantages of Gain Scheduling Adaptive 

Controller over GA tuned multi-PI controllers were 

highlighted. 
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The interactions between input/output variables are a 

common phenomenon and the main obstacle 

encountered in the design of multi-loop controllers for 

interacting multivariable processes. In this work, a 

method for controlling multivariable processes is 

presented by V. R. Ravi et. al. (2011). [4] The 

controller design is divided into two parts: firstly, a 

decoupling matrix is designed in order to minimize the 

interaction effects. Then, the controller design is 

obtained for the process + decoupler block. The aim is 

to meet the design specifications for each loop 

independently. This method for multivariable 

decoupling and multiloop PID controller is applied to 

the Two Tank Conical Interacting System (TTCIS). 

This TTCIS is considered as two tank benchmark 

problem used by many researchers. Simulation results 

and experimental results with TTCIS are provided to 

demonstrate the effectiveness and practicality of the 

proposed method. 

R. Ravi et. al. (2012) [8] according to them Model 

predictive control (MPC) has become the leading form 

of advanced multivariable control in the chemical 

process industry. The objective of this work is to 

introduce a gain scheduling control strategy for 

multivariable MPc. The method of approach is to 

design multiple linear MPC controllers. This strategy 

maintains the performance of multiple linear MPC 

controllers over a wide range of operating levels. One 

important contribution is that the strategy combines 

several multiple linear MPC controllers, each with their 

own linear state-space model describing process 

dynamics at a specific level of operation. One of the 

linear MPC controller output is selected as gain 

scheduling adaptive controller's output based on the 

current value of the measured process variable. The 

tuning parameters for the MPC controller are obtained 

using real coded Genetic Algorithm (GA). The 

capabilities of the gain scheduling adaptive (GSA) 

control strategy for the MPC controller is investigated 

on Two Conical Tank Interacting Level System 

(TCTILS) through computer simulation. 

 

The dynamic behavior of the two tanks interacting 

system was studied by the introduction of a step-change 

in the manipulated variable (flow rate) and measuring 

the controlled variable by the development of the 

suitable mathematical model of the system. This work 

described by Parag Joshi (2013) [10], how the effect of 

the interaction of this interacting system is minimized 

by the design of the suitable de-coupler for the system 

and also includes the analysis of the interacting loops 

between the controlled variable that is liquid level of 

both tank and manipulated variable that is inlet flow 

rate. Generally in two tanks interacting system, there is 

no inlet flow rate for tank two, but this work simplifies 

the industrial interaction problem where different tanks 

have different inlet and this is done by the help of 

relative gain array method. The result exemplifies that 

the gain of each loop is reduced approximately half 

when the opposite loop is closed and the gain of other 

loop changes the sign when the opposite loop is closed. 

Thus the decoupling is the most appropriate method for 

achieving minimal interaction and is most efficient 

method. 

III. METHODOLOGY 
3.1 Performance Analysis of three tank level control 

using feedback and feed forward-feedback 

controller 

Control of liquid in process control industries is 

important in order to provide desired performance 

because the level of the system can affect the pressure 

and rate of flow in the industry 

So it is important to maintain the level at the desired set 

point. in this section, we are considering three-tank 

system which is connected in different configuration 

like interacting and non-interacting 

 

3.1.1 CASE (1) - Non-Interacting Three tank system 

Non-Interacting three tank system is shown in the figure 

below in which the manipulated variable is input flow 

rate to the first tank and controlled variable is level in 

the third tank in this system we are also considering the 

effect of disturbance on the response of the system. To 

minimize the effect of these disturbances we have to 

implement a Feed-forward controller with suitable 

tuning parameter 

 
Figure 2: Three tanks Non-Interacting system 
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In this system output flow of the first tank is the input 

flow of the second tank and similar way second tank is 

connected to third tank. 

 

3.1.1.1 Mathematical modeling of three tanks Non-

Interacting system 

Applying Mass Balance around the first tank we have 

A1  = (Qi - Q1) 

 

From Valve relation we have 

Q1=  

Where, 

Qi - is the inlet flow rate to the first tank (m
3
/ s) 

Q1 - is the outlet flow rate of the first tank (m
3
/ s) 

R1- is Outlet flow rate resistance of first tank (m/ m
3
/ s) 

A1- is the area of the first tank (m
2
)  

H1- is the Actual liquid level in the first tank ( m) 

 

Mass Balance around tank 2 

A2  = (Q1- Q2) 

 

From the Valve relationship we have 

Q2=  

Where, 

Q1 - is the outlet flow rate of the first tank and inlet 

flow rate to the second tank (m
3
/ s) 

Q2 - is the outlet flow rate of the second tank (m
3
/ s) 

R2 - is the flow resistance of the second tank (m/ m
3
/ s) 

A2 - is the Area of the second tank (m
2
) 

H2 - is the Actual liquid level in the second tank (m) 

Applying Mass Balance around the third tank 

A3  = (Q2- Q3) 

 

From the Valve relationship we have 

Q3=  

Where, 

Q2 - is the third Tank input flow (m
3
/ s) 

Q3 - is the third Tank output flow (m
3
/ s) 

R3 -is the flow resistance of the third tank ( m/m
3
/ s) 

A3 -is the Area of the third tank ( m
2
 ) 

H3 - is the liquid level in the third tank (m) 

 

The transfer function of the three-tank system is 

calculated by rearranging all above  

 

 
 

By Assuming, 

R1 = R2 = R3 = A1 = A2 = A3 = 1. 

 

The equation is reduced to 

 
 

3.1.2 Interacting Three tank system case (1) 

Interacting three tank system is shown in the figure 

below in which tank 1and tank 2 are in interaction with 

each other while tank 2 and tank 3 are no interaction 

with each other. 

 
Figure 3: Interacting three-tank system (case1) 

 

By applying mass balance and valve relation to all three 

tanks and rearranging them we get the transfer function 

 

 
 

By assuming, 

R1 = R2 = R3 = A1 = A2 = A3 = 1. 

Above equation reduce to 

 
 

3.1.3 Interacting three-tank system case (2) 

Interacting three tank system is shown in the figure 

below in which tank 1 and tank 2 are no interaction 

with each other while tank 2 and tank 3 are interacting 

with each other 

 
Figure 4: Interacting three-tank system (case2) 
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By applying mass balance and valve relation to all three 

tanks and rearranging them we get the transfer function 

 

 
 

By assuming 

R1 = R2 = R3 = A1 = A2 = A3 = 1. 

Above equation reduce to 

 
 

3.2 Disturbance analysis of three tanks non-

interacting system 

In this case, we are considering the disturbance is 

applied to the second tank and transfer function 

between the level of the third tank and input disturbance 

to the second tank is calculated 

 
 

Disturbance analysis of three tanks interacting system 

(case1) 

 
 

Disturbance analysis of three tanks interacting system 

(case2) 

 
 

IV. RESULT AND DISCUSSION 

In this chapter, we will discuss the results obtained for 

three tanks interacting system-level control using POD, 

fuzzy and ANN controller. We have developed the 

simulation model using transfer function equations of 

three tanks interacting system for tank level w.r.t to step 

input (transfer function 1) and w.r.t to disturbance 

(transfer function 2)  and we designed 

MATLAB/Simulink model of 2 inputs 1 output MIMO 

system as shown in figure 5. 

 
Figure 5: PID controller based level control of three tanks 

interacting system with disturbance. 

4.1: PID controller of three tanks interacting system 

with disturbance: 

In the figure, 1 step 1 is the fluid flow and the step is 

the disturbance the controller here used is the PID 

controller for controlling the fluid level of the three 

tanks interacting system. The PID controller block 

parameter specification is shown in figure 2.It shows 

that the tuned PID controller as the values of Kp= 

1.0457323598035, Ki= 0.387294740392378 and Kd= -

0.0249261857376972. 

  

 
 

Figure 6: Block Parameters of tuned PID controller of 

three tanks interacting system with disturbance. 

 

In figure three the internal block diagram for the PID 

controller used in figure 1 is shown with the values of 

proportional gain, integral gain and derivative gain i.e. 

kp, ki and kd values are equal to the block parameter 

tuned values shown in figure2. 

 

 

 
Figure 7: The block diagram of the PID controller used in 

figure 4. 
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The Simulink model of the PID controlled system is run 

for 40 seconds to obtain the step response and scope 1 

is used to observe the error change in error and 

controller output. Where error is shown as e(n),change 

in error is e(n)-e(n-1).The step response of three tanks 

interacting system with disturbance is shown in figure 

4.In this step response the peak value of the step 

response is 1.3202 at the time of at the 6.0816 seconds 

and the rise time at which step response first time 

reached at the 90 percent of the step input is observed 

as trise= 3.3930sec. Hence it can be observed that the 

system is capable of controlling the fluid level with the 

stable response at a peak overshoot of 32% at a rise 

time taken to reach the 90% final response in 3.4 

seconds (approx.) with the steady-state error of zero. 

 

 
 

Figure 8: PID controller based step response of three 

tanks interacting system with disturbance. 

V. CONCLUSION 

The designed ANN controller consists of 20 neurons 

and the MSE value of 0.005 which shows that the ANN 

is very efficient to evaluate the controller output for 

given error and change in error values and it justified 

that ANN can be replaced by FUZZY and PID 

controller. On using the ANN the peak overshoot 

becomes 20% at the peak time of 4.4 seconds and rise 

time of 3 seconds hence it proves that the fastest 

controller is ANN-based but at the sacrifice of 20% 

peak overshoot. The execution time of the Simulink 

model is recorded the fuzzy controller takes about 40 

seconds to generate the system response the PID 

controller takes 0.66 sec, the fuzzy controller takes 40 

sec and the ANN-based controller takes 0.25 sec. Hence 

we can conclude that system complexity of computation 

the response is very large for fuzzy controller and the 

ANN controller is fastest to compute the response hence 

the in terms of speed and computational complexity 

ANN-based tank interacting system with disturbance is 

best. 
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