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Abstract 
 

This paper dealt that, the quadruple tanks process with an interaction, which is consisting of four interconnected tanks and included with 

an interaction of bottom two tanks. The mathematical model of quadruple tankwith interaction is developed throughminimum phase and 

non-minimum phase by changing a valve position. It described clearly about the mathematical modeling of quadruple-tanks process with 

an interaction, which is obtained based on minimum and non-minimum characteristics. The obtained process transfer function models are 

validated using MATLAB simulation. The obtained transfer function models are used to further control and analysis of the same 

problem. 
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1. Introduction 

Most of the industrial processes are multi-input and multi-output 

(MIMO) environment [1] and it has strongly integrated process, 

which shows complex dynamics and nonlinear behavior [2]. These 

are common for industrial processes and it has significant 

uncertainties, strong interaction of minimum and non-minimum 

phase behavior. A great attention is received for the control of 

multivariable quadruple tank process (QTP) and it is 

motivatingthe both control learning and research [4]. The 

characteristics of multivariable QTP are investigated by using the 

values of two flow ratio with a same experimental apparatus [5]. It 

is suited for the purpose of analyses and illustrate various designs 

in multivariable control, mostly performance limitation due to 

non-minimum-phase zero [6].  

The developments of process models are play a more important 

role for the control of process and analysis of process behavior. In 

process industries the process modeling are complicated for of 

MIMO process. It has more than one manipulated variable and 

more than one control input, and the interactions between these 

are increase the complexity for the development of process 

models. In this work simulation and mathematical models of 

Quadruple Tank Process with Interaction (QTPI) has been 

discussed. In chemical engineering, the transfer function matrices 

are frequently used for the analyses and control applications [7]. 

The number of inputs in the MIMO process is greater than/equal 

to number of outputs, and then this MIMO process is 

controllable. The QTP contains the equal number of inputs 

and outputs are considered for the development of  

 
Mathematical model. This work aims to achieve the process 

transfer function matrices for minimum and non-minimum phase 

characteristics of QTPI process.  

This paper is structured as follows. Section two describes the 

quadruple tank process with interaction. Section three is about the 

development of mathematical modeling of QTPI process. 

Simulation results are given in Section four. Conclusions are 

drawn in Section five.  

2. Description of Quadruple Tank Process 

with Interaction 

The bench mark QTP has consists four cylindrical tanks which are 

placed vertically with two different location and these are 

arranged as shown in Fig.1 [1, 3, 8, 9]. The area of tank 1 and tank 

3 is 28 cm2 and their outlet pipes are connected to outlet valve 

with flow resistance for outlet flowing. The area of tank 2 and 

tank 4 is 30 cm2 and their outlet pipes are connected to outlet 

valve with flow resistance for outlet flowing. The store water for 

the process using the reservoir tank and the water is flows in all 

the four tanks two pumps are used. 

The QTP process contains the four water tanks and two pumps. 

The aim is to control the water level in the lower tank 1 and 2 with 

the two pumps. The inputs of the QTP process are the input 

voltages of the pumps (V1, V2) and the outputs are the liquid levels 

in the lower tanks (h1, h2). The flow from pump is split up in a part 

proportional to i and a part proportional to1 i . The flows of the 

pumps are split up by valves. 

http://creativecommons.org/licenses/by/3.0/
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Fig. 1: The quadruple tank process 

 
The physical model of the quadruple-tank with an interaction is 

developed from the modification of bench mark quadruple tank 

process (QTP). The modification of existing QTP is creating the 

interaction between tank 1 and tank 2. A hole is bored at the 

bottom tank 1 and tank 2 to the water from each tank to flow with 

the pipe is connected between the tanks. Fig. 2 shows that the 

quadruple-tank process with an interaction (QTPI). 

 

 
Fig.2: The quadruple tank process with an interaction 

 

A one input and it is split the two outlet flows which are directed 

to a bottom and upper level tanks respectively. The Pump 1 and 

pump 2 flow rates are directly connected to the bottom two tanks. 

The QTPI process can be operated with the transition zeros is in 

the right half plane and left half plane by adjusting the valve knob.  

The each tank of QTPI process consists of one or more than one 

input flow and output flow. The tank volume is proportional to 

area of the tank and actual level inside the tank. The parameter 

h(t) is a time varying with input and output flow changes. The 

mass balance equations of QTPI process are given below equation. 

The following state equations are represents the nonlinear model 

of the QTPI process, 
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The process parameters of QTPI process are given in Table 1. 

These parameters are used to develop simulation model and 

transfer function matrices of QTPI process. 

 
Table. 1: QTPI process parameters 

Parameters(unit) Value 

2

1 3,A A cm    28 

2

2 4,A A cm    32 

2

1 2,a a cm    0.071 

2

3 4,a a cm    0.057 

 /cK V cm  1 

2/g cm s    981 

3

1 /k cm Vs    3.14 

3

2 /k cm Vs    3.29 

1  0.35, 0.6 

2  0.35, 0.6 

3. Modeling of quadruple tank process with 

interaction 

This section aims at description of process models and develops 

mathematical models of QTPI process. The mathematical models 

of QTPI process is developed through minimum and non-

minimum phase characteristics.  

The nonlinear model of QTPI process is linearized with the 

operation point is given by given by the liquid height of the tanks
0

1h , 0

2h , 0

3h and 0

4h . The above nonlinear differential equations are 

converted to linearized state space model by using Jacobian 

Matrix. The Jacobian matrix is represented as, 
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Using the Eqn. (2), the linearized state space model for QTPI 

process as, 
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Using Jacobian matrix, determine the state space model of the 

QTPI process is represented as,  
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From the above state space model, the transfer function matrix of 

QTPI process is determined using the below equation.  
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The process transfer function matrix  General TITO process 

represents as,  
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The following matrix is represents the process transfer function 

matrix of QTPI process. 
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The QTPI process transfer function matrixes are obtained with the 

input and output operating points are given in Table 2.  

  
Table 2: Operating points of QTPI process 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mathematical model of non-minimum characteristics QTPI 

process is obtained by choosing the values 1 ,
2  are to be satisfy

1 20 1    . The values of 1 ,
2  are chosen as 0.35 and the 

process transfer function matrix is given in Eqn. 17. 
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The mathematical model of minimum characteristics QTPI 

process is obtained by choosing the values 1 ,
2  are to be satisfy

1 21 2    . The values of 1 ,
2  are chosen as 0.6 and the 

process transfer function matrix is given in Eqn. 18. 

 
2

3 23 2

2

3 2 3 2

0.0028 0.000060.0672 0.003 0.00001

0.1066 0.0108 0.00010.0968 0.01 0.0001

( )

0.0016 0.00003 0.0612 0.004 0.0009

0.0968 0.01 0.0001 0.1066 0.0108 0.0001

SS S

S S SS S S

G s

S S S

S S S S S S

  
 

     
  
 

   
       

 

    (18) 

4. Simulation Results 

The rate of change of liquid level and it relates the difference 

between inlet and outlet flows. These relations of all the tanks are 

represented in Eqn.1. Using these equations, the simulation model 

of QTPI is developed and the values of process parameters are 

given in Table 1. The simulated responses of tank level height of 

the bottom tank1 and tank 2 is given in Fig. 3 and Fig. 4.  

The values of flow coefficients 1 and
2 are considered as 0.3 and 

0.3 respectively. The summation of these two values are belongs 

to
1 20 1    , which is minimum phase characteristics of 

QTPI process. The open loop responses of minimum phase 

characteristics of QTPI process is shown inFig. 3. 

 

Parameters(unit) Value 

 0

1h cm  10.43 

 0

2h cm  15.98 

 0

3h cm  6.60 

 0

4h cm  9.57 

 0

1v V  3.15 

 0

2v V  3.15 
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Fig. 3: Open loop responses of simulation model of QTPI with minimum 
phase characteristics 

 

The range of flow coefficients 1 and
2 are preferred to

1 21 2    , which is belongs to non-minimum phase 

characteristics of QTPI process. The values 1 and
2 are 

considered as 0.3 and 0.3 respectively. The open loop responses of 

non-minimum phase characteristics of QTPI process is shown in 

Fig. 4. 

 

 
 

Fig. 4: Open loop responses of simulation model of QTPI with minimum 
phase characteristics 

 
From Table 1 and Table 2, these process parameters are used to 

develop a mathematical model of QTPI process. The mathematical 

model of non-minimum phase characteristics of QTPI process is 

given in Eqn. 17. The values of flow coefficients are changed to 

develop a mathematical model of minimum characteristics of 

QTPI process and it is given in Eqn. 18. 

The above obtained process models are validated by using Matlab 

simulation. The open loop responses of obtained mathematical 

models are compared with the simulated responses of QTPI 

process. The comparison of the open loop responses are given in 

Fig. The responses of simulation and mathematical model of non-

minimum characteristics of QTPI process are shown in Fig. 5. 

 

 
 

Fig. 5: Open loop responses of QTPI with non-minimum phase 
characteristics 

 

Fig. 6 shows that the comparison of the open loop responses of 

simulation and mathematical models of minimum phase 

characteristics of QTPI process.  

 

 
 

Fig.6: Open loop responses of QTPI with minimum phase characteristics 

 

From Fig. 5 and Fig. 6, it can be seen that the responses 

simulation and mathematical models are identical. The responses 

of non-minimum and minimum characteristics of QTPI process 

are same in steady state values of tank 1. The responses of non-

minimum and minimum characteristics of QTPI process are very 

close steady state values of tank 2. From the results, it can be 

observed that the obtained mathematical model of non-minimum 

and minimum phase characteristics response of QTPI is the same 

as simulated models. 

5 Conclusion 

In this work, mathematical models of minimum and non-minimum 

phase characteristicsof QTPI process are developed. The 

simulated model of QTPI process is constructed and open loop 

responses of bottom tank 1 and tank 2 are obtained for minimum 

and non-minimum phase characteristics. The responses of 

obtained mathematical model are also obtained and it is compared 

with the responses of simulated model. From the comparison, it 

can be seen that the both responses are almost identical. Hence it 

is claimed that obtained process transfer functions with minimum 

and non-minimum phase characteristics of QTPI process are used 
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to analyses the process behavior. It is also used for development of 

control law for the control of bottom two tanks.   
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