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Abstract— Flow control in a conical tank is a highly 

nonlinear process due to variation of cross sectional area of 

tank with height. This is due to relationship between 

controlled variable, flow and manipulated variable, flow 

rate, which has a square root relationship. Conical tanks find 

wide applications in process industries. Their shape 

contributes to better dispersal of solids, when mixing and 

provide more complete drainage, especially for viscous 

liquids. This paper proposes different tuning methods of PID 

controller for a flow process. Four different controller tuning 

methods are taken. They are closed ZN method, modified 

ZN method [without overshoot], Internal Model Control 

Method and Model Predictive Control method. These four 

methods are compared and listed out in a table. Among 

these MPC method is the best tuning method of PID for a 

Flow process.  
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I. INTRODUCTION 

A basic problem in process industries is control of liquid 

flow in process tank. Conical tanks are extensively used in 

process industries, petrochemical industries, food process 

industries and wastewater treatment industries. Control of 

conical tank is a challenging problem because of its non-

linearity and constantly changing in area of cross section. 

Hence for these reasons the conical tank process is taken 

here. Conventional PID controllers are simple, robust 

provided the system is linear. But the process considered 

here has nonlinear characteristics which is represented as 

piecewise linearized models. Many researchers have been 

carried out in the flow control of the conical tank process. 

The software and technology offers the potential to 

implement more advanced control algorithms but in 

industries they prefer a robust and transparent process 

control structure that uses simple controllers. That is why 

the PID controller remains as the most widely implemented 

controller despite of the developments of control theory. 

This paper endeavors to design a system using process 

reaction curve method. Process reaction curve method is 

also known as first method, we obtain experimentally the 

response of the plant to a unit-step input. If the plant 

involves neither integrator(s) nor dominant complex-

conjugate poles, then such a unit step response curve may 

look S-shaped curve. Such step response curve may be 

generated experimentally or from a dynamic simulation of 

the plant. The S-shaped curve may be characterized by two 

constants, delay time L and time constant T. The PID tuner 

allows achieving a good balance between performance and 

robustness. The PID tuner considers the plant to be the 

combination of all blocks between the PID controller input 

and output. Thus, the plant includes all blocks in the control 

loop, other than the controller itself. The objective of this 

paper is to show that by employing Model Predictive 

Control Method, an optimization can be achieved. This can 

be seen by comparing the result of the PID tuner by various 

methods and IMC. 

II. MODELLING 

Feedback control systems are often referred to as closed-

loop control systems. In a closed-loop control system the 

actuating error signal, which is the difference between the 

input signal and the feedback signal, is fed to the controller 

so as to reduce the error and bring the output of the system 

to a desired value. The conical tank system, which exhibits 

the property of non-linearity, mathematical model is 

obtained and simulated in SIMULINK. The structure of 

conical tank system is illustrated in Fig 1. The user can 

adjust the inlet flow by adjusting the control signal, Fin. 

During the simulation, the level „h’ will be calculated at any 

instant of time. In the SISO tank system, the liquid will flow 

into the tank through inlet and the liquid will come out from 

the tank through outlet. Here, we want to maintain the flow 

of the liquid in the tank at desired value; so the measured 

output variable is the liquid flow. 

III. MATHEMATICAL MODELLING 

The area of the conical tank is given by 

      

     
 

 
 
 

 
 

    
 

 
 

According to Law of conservation of mass, 

Inflow rate - Outflow rate = Accumulation 

 
Fig. 1: Mathematical modeling of conical tank 

             
  

  
 

𝐹𝑜𝑢𝑡 = 𝑘 √h 

Where, K is the discharge coefficient. 

IV. OPEN LOOP SYSTEM 

The mathematical model is design in SIMULINK MATLAB 

and Open loop simulation results for step change in inlet 

flow rate is obtained. 
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Fig. 2: Open loop system 

 The obtained response from open loop test which 

represents first order transfer function with zero dead time.        

 ( )  
      

    
 

V. DESIGN OF CONTROLLER: 

A. PID controller: 

The PID controller tuning methods are classified into two 

main categories. 

 Closed loop methods, Open loop methods. Closed 

loop tuning techniques refer to methods that tune the 

controller during automatic state in which the plant is 

operating in closed loop.  The open loop techniques refer to 

methods that tune the controller when it is in manual state 

and the plant operates in open loop.  

 
Fig. 3: PID Controller 

B. IMC Method:  

The Internal Model Control relies on the internal model 

principle, which states that control can be achieved only if 

the control system encapsulates, either implicitly or 

explicitly, some representation of the process to be 

controlled. In particular, if the control scheme has been 

developed based on an exact model of the process, then 

perfect control is theoretically possible. Compared to the 

conventional control scheme the IMC provides a much 

easier framework for the design of robust control systems. 
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Table 1: IMC Formulae 

C. MPC Method: 

MPC is  widely used for advanced multivariable control. 

The process which has high interaction between different 

signals MPC provides substantial outputs. Model Predictive 

control is the optimal control strategy based future control 

inputs and future response of the process using system 

model.  

 

Fig. 4: Model Predictive Control 

MPC now has a sound academic on optimality, 

stability and robustness property.MPC control can control 

many control algorithms. MPC provides systematic dealing 

with inputs and constrains states of the process. These 

constrains are present in engineering applications. In MPC 

these constraints are explicitly by solving a constrained 

optimization real-time to determine the optimal predicted in 

plant dynamics can be similarly incorporated model. 

 
Fig. 5: MPC Plot 
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VI. COMPARISON AND RESULT 

The graph between time and the controlled output has been 

obtained for PID, IMC and MPC controller. The comparison 

between these controllers has been done with the help of the 

time domain specifications and the best controller has been 

obtained. 

 
Fig. 6: Comparative analysis 

CONTROLLER 
RISE 

TIME 

PEAK 

TIME 

SETTLING 

TIME 

PID 20 200 400 

IMC 28 700 1300 

MPC 10 650 380 

TABLE 2: Time Specifications 

VII. RESULT AND CONCLUSION 

The controllers are tuned for various methods by using the 

listed formulas, and they are plotted against tuning methods. 

Based on the simulation results by applying the PID values 

for the closed loop parameters, the best method is Model 

Predictive Control (MPC) and their corresponding rise time, 

peak time, settling time and peak overshoot were listed in 

the table shown above. By comparing the values it is clearly 

know that MPC is the best method for a process to be tuned. 

For a good controller the settling time and the overshoot of 

the process should be of minimum value by which it 

produces a good efficiency for the process. 
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