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Abstract: In recent times the study of hybrid systems has caught the attention of many researchers. The motivation for 

the same is due to the fact that almost all the process systems in industries and laboratory exhibit hybrid dynamics. The 

term hybrid system is defined to describe the models, with both the continuous dynamics and discrete dynamics co-

exist and interact with each other. In this Project a three tank system is considered. The system can be modeled by 

using one of the   hybrids modeling technique, mixed logical dynamical (MLD) model. A predictive control will also 

be designed for the developed model. The developed model will be verified and validated. MATLAB will be used as a 

tool to realize the model and the controller. 
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I. INTRODUCTION 

Many practical systems consist of both continuous valued 

components and discrete valued components. The term 

hybrid system is used to describe models, where both 

continuous and discrete dynamics co-exist and interact. In 

this paper we proposed a method to model and control of 

systems interacting with the physical laws, logical rules, 

and operating constraints. Propositional logic is 

transformed into linear inequalities involving both integer 

variables and continuous variables. To control the integer 

variables and continuous variables we are adopting one 

technique called Mixed Logical Dynamical (MLD) 

systems in which  it is described by linear dynamic 

equations subject to linear mixed-integer inequalities, i.e. 

inequalities involving both continuous and binary (or 

logical, or 0-1) variables. These include physical/discrete 

states, continuous inputs and continuous/binary auxiliary 

variables. 

 

In this paper, we proposed a MLD modeled to modeling 

and control of three-tank system with nonlinear system. 

The aim is to verify and define computational aspects of 

MLD method to deal with hybrid systems. 

 

1. Mixed logical dynamical system: 

Mixed Logic Dynamical (MLD) is one of the powerful 

tools in modeling of hybrid systems. Several aspects are 

dealing with MLD systems that can be formulated by 

using mixed integer optimization technique. In this 

modeling technique, each and every binary variable are 

assigned with some logic variable. If and only if the logic 

statement is true, then only the value of the binary variable 

one otherwise zero 

              

Propositional logic of the system is transformed into 

equivalent linear  

Inequalities. As shown below 

                               

And the statement is give as         , 

 

Where        is linear assume that     where X is a 

given bounded set of values and defines as  

                   
           

The another basic principal of MLD modeling is the 

interaction between logical and dynamical variables it can 

be shown as follow 

[      ]  [   ]         {
           

             
 

 

2.  Mixed logical dynamical system structure 

The Modeling and controlling of systems can defined by 

physical laws, logical rules, and operating constraints 

called Mixed Logical Dynamical (MLD) systems. System 

model is defined by linear dynamic equations subject to 

linear inequalities involving both real and integer 

variables. Control action can be performed by using 

different schemes of optimal control (via dynamic 

programming) or predictive control. It can be implemented 

by Boolean algebra 

The general form of an MLD system is given by the 

following expressions: 

                                  

                                

                               
 

Above equations describe about state update function, 

output function, and the set of inequalities in collects 

constraints on the system, as well as translations from 

logic proposition 

X is the continuous and binary states 

  [
  

  
]           {   }   

Y is the continuous and binary states outputs 

  [
  

  
]            {   }   

    {   }   are the auxiliary binary variables 

                    Are the auxiliary continuous variables 
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II. HYBRID MODELING OF THREE 

TANK SYSTEM 

In the below system consists of three tanks with same 

cross-sectional area and that are supported with two 

independent identical pumps on Tanks’     and  . The 

pumps provide the liquid flows from zero to maximum 

flow    . 

 

Each tank in the system is interconnected with each other 

by lower switching valves          and which are 

normally open and close conditions. The liquid levels in 

each tank are defined as      and   and each tanks can be 

measured with continuous valued level sensors.  

In normal operation, the outflow of system is located at the 

middle tank; in other hand the valve   is open. Other two 

valves    and   are close in normal condition are used to 

model failures in system  

The differential equations for the Three Tank system can 

be written as follows 

   
 

 
               

̇
 

   
 

 
               

̇
 

   
 

 
                   

̇
 

Q is flow through valve and A is the cross sectional area 

of the each tank. Assuming that the flow through valve 

between tank 1 to tank3, and tank2 to tank3 i.e.     (i=1,2) 

obeys Torricelli’s law then the flow through     is given as  

                          √|         |  (I = 1,2) 

The flow through valves             is given as 

            √     

            √     

            √     

 

            Is the area of cross section of valves        . 

The outputs of the system is taken as the height of the 

liquid in each tank and denoted as follows  

      

      

      

 

III. CONCLUSION 

 Hybrid systems provide a framework for 

describing processes system with continuous dynamics, 

discrete dynamics, and logic rules. There are several 

modeling methods are there to develop the hybrid systems, 

among them Mixed Logical Dynamical (MLD) systems is 

one of the method. Here we implemented Model 

Predictive Control (MPC) to control the hybrid systems. 

MPC is widely used in industry to solve the control 

problems with constraints. 
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