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Abstract 
Modeling and controlling of level process is one of the most common problems in the process industry. Model 
Reference Adaptive Control (MRAC) strategy is employed in this paper to control the level of a coupled tank. The 
Model Reference Adaptive System (MRAS) can be regarded as an adaptive servo system in which the desired 
performance is expressed in terms of a reference model, which gives the desired response to a command signal, The 
parameters of the controller are changed on the basis of error, which is the difference between the output of the system 
and the output of the reference model. The main objective of this project is to design an MRAC  with very good steady-
state and transient performance for a nonlinear process such as the coupled tank. A modification to the MRAC scheme 
is proposed in this study. Two different versions of MRAC has been analysed, and their performances are compared by 
using MATLAB Simulink environment. The simulation results show that the modified MRAC gives better transient 
performance than the MRAC, with respect to good steady-state and transient performance. 
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1. Introduction 

Modeling and controlling of level process is one of the most common problems in the process 
industry. As the level process is nonlinear, Model Reference Adaptive Control (MRAC) strategy is 
employed in this paper. To design an MRAC with equally good transient and steady state performance is a 
challenging task. The main objective of this paper is to design an MRAC with very good steady-state and 
transient performance for a nonlinear process such as the hybrid tank process. A modification to the MRAC 
scheme is proposed in this study .Three different versions of MRAC and also a Proportional Integral 
Derivative (PID) controller are employed, and their performances are compared by using MATLAB. Input–
output data of a coupled tank setup of the hybrid tank process are obtained by using Lab VIEW and a 
system identification procedure is carried out. The simulation results shows that the proposed controller 
gives better transient performance than the well-designed PID controller or the MRAC does; while giving 
equally good steady-state performance. It is concluded that the proposed controllers can be used to achieve 
very good transient and steady state performance during the control of any nonlinear process. 
 

Regulating liquid level in a tank has been a basic control problem in process industries for a long 
time. The PID controllers have been used for this purpose traditionally. Cohen–Coon and Ziegler–Nichols 
methods have been widely used to tune a PID controller. In these methods, the values of proportional gain, 
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integral time constant and derivative time constant are determined for an operating point around which the 
process can be considered linear. But, when the operating conditions change, PID controller parameters 
also need to be tuned. Hence, using these methods would result in sub-optimal tuning of the controllers for 
non-linear and dynamic systems and it needs the intervention of an operator.(K. Valarmathi,2009) The urge 
to design better controllers brings out the need to understand the characteristics of the process as well as 
possible. This can be achieved by the application of system identification procedure. System identification 
involves building mathematical models of a dynamic system based on a set of measured input and output 
data samples. System identification helps in designing a controller for a process in a more effective manner 
than would be the case without identification. 
 

2. Overview of coupled tank system 

The coupled tank system consists of two cylindrical tanks, inter connected by two coupling 
channels at different heights, both with drain valves to common reservoir as shown in figure 2.1. A 
variable-area valve in these channels is used to vary the interaction between the tanks. Water from a 
reservoir is pumped by a variable speed pump to tank1 through a control valve. F1 is the flow rate of the 
influent stream to tank1 and is measured by a turbine flow meter. Water from tank1 flows to tank2 through 
the coupling channels, and then it finally flows out of tank2. Level of water in tank2 (L2) is measured by a 
DPT. The flow rate F1 and level L2 are acquired by a Data Acquisition  Lab VIEW program. The flow rate 
F1 is selected as the manipulated variable, and level L2 of the liquid in the second tank, tank2, is the output 
or the controlled variable.( K. Asan Mohideen 2013) 

 
                                                 Fig: 2.1. Coupled tank setup 

 

2.1 System identification 

System identification is the process of building mathematical model of dynamic systems from the 
observed input–output data. The process models describe a system transfer function in terms of zeros, 
poles, integration and delay terms. In process models, number of non-zero poles is represented by Pn, 
where P stands for pole and n represents the number of non-zero poles. Pn is followed by Z for zero, I for 
integration, D for delay and U representing under-damped behavior. A P1D structure models the system as 
a first order system with delay as shown in (1) 
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where the steady-state-gain of the process is K, Td is the time delay and Tp1 is the process time constant. 
Eq. (2) represents a P2D model that has two real poles placed at s = _1/Tp1 and s = _1/Tp2. Eq. (3) 
represents a P2DU model which is essentially a second order system with either a pair of complex poles or 
two real poles depending upon the damping, 

 
 
 where Tp1 and Tp2 are the time constants corresponding to real poles, Tw is the time constant of the 
second order system shown in (3) and f is the damping factor.( Ching-Chih Tsai 2004) 
 

 

 

 

3. Model Reference Adaptive System 

The field of adaptive control, in general, and model reference adaptive control in particular, has 
focused on problems where the uncertainties in the system are parametric. Such parametric uncertainties 
occur due to a variety of reasons on practical applications. Typically, system dynamics, which are 
invariably nonlinear, are often linearized to derive the requisite linear controller. The resulting linear 
model and its parameters are therefore dependent on and vary with the operating condition. Parameters, 
also, may vary due to aging, disturbances, or changes in the loading conditions. Parameters may be 
unknown due to approximations made in the modeling process.  

In all these cases, a controller is called for that provides a uniformly satisfactory performance in 
the presence of the parametric uncertainties and variations. The adaptive approach to this problem is to 
design a controller with varying parameters, which are adjusted in such a way that they adapt to and 
accommodate the uncertainties and variations in the plant to be controlled. By providing such a time-
varying solution, the exact nature of which is determined by the nature and magnitude of the parametric 
uncertainty, the closed-loop adaptive system seeks to enable a better performance. The results that have 
accrued in the field of adaptive control, over the past three decades, have provided a framework within 
which such time-varying, adaptive controllers can be designed to yield stability and robustness in 
various control tasks.( E. Daniel 2010)  

Model reference adaptive control refers to a particular class of adaptive systems. In this class, adaptive 
controllers are designed by using a reference model to describe the desired characteristics of the plant to 
be controlled. The use of such reference models facilitates the analysis of the adaptive system and 
provides a stability framework.   

Two philosophically different approaches exist for synthesizing model reference  
     adaptive controllers: indirect control and direct control. In the indirect approach, the unknown plant 

parameters are estimated using a model of the plant before a control input is chosen. In the direct 
approach, an appropriate controller structure is selected and its parameters are directly adjusted so that 
the output error is minimized. For the sake of  mathematical tractability, the desired output  yd needs 
to be characterized in a suitable form, which is generally accomplished by the use of a reference model. 
Thus, in a model reference problem formulation, the indirect approach employs both an identification 
model and a reference model while the direct approach uses a reference model only. We describe these 
models in the following section.  
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 Nonlinear and non-stationary nature of a system warrants the use of adaptive controllers such as 
MRAC and STR . The Model Reference Adaptive System (MRAS) can be regarded as an adaptive 
servo system in which the desired performance is expressed in terms of a reference model, which gives 
the desired response to a command signal [11]. Thus, the response of the reference model acts as the set 
point for the process in a normal feedback loop. The system has an ordinary feedback loop composed of 
the process and the controller and another feedback loop that changes the controller parameters as 
shown in Fig. 2. It depicts a general MRAS in terms of blocks. The parameters of the controller are 
changed on the basis of error (e), which is the difference between the output (y) of the system and the 
output (ym) of the reference model. G(s) and GM(s) are the transfer functions of the process and the 
reference model respectively.  
 

 

3.1 Tuning of controller 

 A Model Reference Adaptive Controller, which uses the famous MIT rule for parameter tuning is 
designed and implemented as shown in figure. 4.1. Here, the controller has two parameters h1 and h2. 
Output ‘u’ of the controller is calculated from the parameters, the command signal uc and the output y of 
the process, as shown in (4) 
                             

                                      u=ϴ1 uc -ϴ2y                                                             (4) 
If the cost function is taken as J(h) = 1/2⁄(e ^ 2), change in the value of parameters of the controller with 
respect to time as per the MIT rule is given in (5) 
 

                                               (5) 

where de/dh is the sensitivity derivative of the system, c is the adaptation gain, e is the tracking error 
(y_ym) and y is the model output. The speed of convergence depends on the value of the adaptation gain. 
An MRAS with too small a value of c gives a stable response, but it takes a long time for the output y to 
converge with ym whereas too large a value of c makes the output y to 
 

                                      
                                                                  Fig.3.1.MRAC 
 
Oscillate. Hence, a trade-off is always required between the stability and the speed of convergence while 

selecting the value of . 
 

In order to improve the transient performance a modification to the MRAC scheme is proposed in 
this paper. In the proposed controller, the controller output u is modified as given by Eq. (6). Here, a 
Proportional Integral Derivative (PID) controller is also employed along with the MRAC controller and the 
resultant controller is called ‘Modified MRAC’ in this paper. Parallel form of PID controller is used here. 
( A. Besharati Rad,1997). 
 
                                      u=ϴ1 uc -ϴ2y-(kpe+ki∫e dt +kd de/dt)                                    (6) 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 689- 696 
 

D.Karthik, IJRIT  693 
 

where Kp is the proportional gain, Ki is the integral gain and Kd is the differential gain. Initial tuning of 
PID controller is carried out by using PID tuner available in the Control System Tool Box of MATLAB. 
This Modified MRAC considerably improves the performance criteria as established by the results 
  
3.2 Process model selection 

From this point onwards, throughout this paper zero flow represents 677 lph, zero level represents 
30 cm and the time is scaled. The order of the model is selected by using MATLAB system identification 
tool box using 400 sample data. The prediction error method (PEM) is used to identify the model. The 
hybrid tank process has two tanks and thus the minimum order of the system is two. This is supported by 
the results of both step test and the PRBS experiment. The parameters of the process models have obvious 
physical significance such as gain of the process and time constants. One can easily relate these parameters 
with the physical structure of the process. Fig. 8 shows the comparison between the simulated outputs of 
the second order process models with the estimation data set. Considering the fact that the coupled tank 
process has two interacting tanks the P2DU model is selected. The transfer function of the identified P2DU 
model of the coupled tank system considered in this paper is given by 
 
 

                                       
 

4. Results and Discussion 

Simulation model of coupled tank using MRAC.In order to carry out performance analysis of different 
controllers, a step input  is applied to the command signal uc and the responses are shown in Fig. 4. It 
comprises the responses of the Reference model, MRAC 

 
 

Fig 4.1.Simulation of MRAC 

From the figure shown below Step response of mrac controller, and in this x-axis is time in sec, y-
axis is level in centimeters. Reference signal and modified MRAC output are present.   
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                                          Fig:4.2.Step responseof MRAC 

When the PID parameters are tuned by the PID tuner in the MATLAB control system toolbox the 
model becomes the proposed Modified MRAC. When the PID parameters are removed from the model it 
represents the MRAC. A step input is applied to the command signal.( F. Lin, R.D. Brandt,2000) 
 

In order to carry out performance analysis of different controllers, a step input of size 60 is applied 
to the command signal uc and the responses are shown in Fig.5. It comprises the responses of the Reference 
model, MRAC, Modified MRAC. The performance criteria are calculated for all the four controllers and 
shown in Table. It makes an obvious comparison of three performance indices, namely, rise time (TR), 
settling time (TS) and overshoot obtained from step response analysis of all the models. Here, the objective 
is to make the process follow the reference model as close as possible. In this context, TR is the time it 
takes the process output y to reach its final value for the first time and TS is the time it takes y to reach 
within ±5% of its final value and stay there. In order to appreciate the effect of all the four controllers the 
relative values of TR and TS have to be considered rather than the absolute values. It is because the output 
of the process has to be compared with the output of the reference model rather than the command signal 
input uc. The relative values are obtained by subtracting the values of the reference model from the values 
of the respective controller models.( T.H. Liu 2007) 5.2.Simulation model of  coupled tank using modified  
MRAC: 
 

      
 
                                              Fig: 4.3.Simulation of modified MRAC 
 

Figure4.4 shows, Step response of modified MRAC controller , and in this x-axis is time in sec, y-
axis is level in centimeters. Reference signal and modified MRAC output are present. 
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                               Fig:4.4 Step response of modified MRAC 
 

4.1.Comparision Of  MRAC And Modified  MRAC 

                  

 
Fig: 4.5.Simulation model of both MRAC and modified MRAC 

 

Figure 4.6 shows Compared output of  MRAC and modified MRAC, comparison of three 

performance indices, namely, rise time (TR), settling time (TS) and overshoot obtained from step response 

analysis of all the models are taken from below figure 
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Fig:4.6. Compared response of MRAC and modified MRAC 
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