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Abstract - In this paper, a method for controlling multivariable 
process is presented. The system under investigation is a two 
tank interacting process. A decoupler is designed in order to 
minimize the interaction effects. Then, the Model Reference 
Adaptive Controller is designed for the process with decoupler 
block. The tuning parameter is optimised using Genetic 
Algorithm. Optimised Model Reference Adaptive Controller 
was then compared with conventional controllers. The 
performance comparisons have been made in terms of rise 
time, settling time and performance criteria.
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I. IntroductIon

 The processes encountered in the real world are 
generally Multiple Input Multiple Output (MIMO) systems 
[8]. The level control applications are tremendous especially 
in chemical process industries. The traditional control such 
as the classical feedback control, modern control theory 
has encountered many difficulties in its applications. The 
design and analysis of these control systems are established 
on their accurate mathematical models which are usually 
very difficult to achieve outstanding  to  the  complexity,  
nonlinearity,  time  varying  and  incomplete  characteristics  
of  the existing realistic systems. One of the most effectual 
ways to solve the problem is to use the technique of adaptive 
control system.

 A multivariable system consists of decomposing the 
design problem into two parts: The first part consists of 
decoupling the system in order to minimize interaction then, 
design the controllers using  some  decentralized  method.  
The  final  control  system  will  be  the  multiplication  of  
the decoupling and the controller matrices. The Decouplers, 
along with Model reference adaptive controller constitutes 
an adaptive controller. MRAC or model reference adaptive 
control which is one of a kind in adaptive control techniques 
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is implemented. The desired performance is expressed in 
terms of reference model, which gives the desired response 
to a command signal. The desired parameters for the system 
were first established using Model Reference Adaptive 
Control and then the Genetic Algorithm is used to optimize 
the tuning parameter. Therefore, fast convergence to global 
optimal is obtained.

 In this paper the Model Reference Adaptive Controller 
and an Optimised Model Reference adaptive controller is 
designed and compared for a two tank interacting process. 
Section II describes the process. Section III explains 
Controller Design. Section IV deals with Results and 
Discussion. Then in section V the conclusion and future 
remarks are given.

II. process descrIptIon

 Consider the two tank interacting process as shown in 
Fig.1. This consists of two cylindrical tanks (Tank 1 and 
Tank 2), two independent pumps that deliver the liquid 
flows (m1 and m2) to Tank 1 and Tank 2. These two tanks 
are interconnected at the bottom through a manually 
controlled valve. In this work, two tank interacting process 
is considered as two inputs two outputs process in which 
level c1 in Tank1 and level c2 in Tank 2 are considered as 
output variables and m1and m2 are considered as respective 
manipulated variables.

 Both the levels C1 and C2  are sensed using a level 
transmitter. The level transmitter output is then given to the 
current to voltage converter .The output voltage is given 
to the DAQ ant then to the controller. The controller will 
take the correct action and the control signal is given to the 
voltage to current converter. The I/P converter converts the 
current to pressure and then given to the control valve. Thus 
the flow is regulated and hence the level is controlled.
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 Here, Lineal Decoupling [10] is opted. The prefatory 
closed loop control system Block diagram of 2 X 2 systems 
is shown in Fig.2. In a system with interactions, G12 and 
G21 matrix will not be not zero, but can manipulate the 
controller signal such that the system appears to be partially 
decoupled.

 From the block diagram we can write, 
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Fig.1. Experimental setup of Two Tank interacting process

Fig.2. Closed loop block diagram of 2 X 2 systems

Fig.3. Block diagram of Model Reference Adaptive Control

III. controller desIgn

A.  Design of Model Reference Adaptive Controller

 Model reference adaptive system that uses Model 
Reference Adaptive Control (MRAC) [7] is an adaptive 
system that makes denotative use of such models for 
identification or control purposes. In MRAC, a good 
intellect of the plant and the performance requirements 
grants the designer to come up with a model, referred to as 
reference model that describes the desired properties of the 
closed loop plant.

 The Model Reference Adaptive Controller is designed 
for a decoupled two tank interacting System ie, the controller 
designed is then given to the process with Decoupler.

 The basic structure of the MRAC is shown in Fig.3. The 
reference model is selected to yield the desired trajectory, 
ym  that the plant output y has to follow [9].The tracking 
error is generated by taking the difference between the 
plant output and the reference model output, establishes the 
digression of the plant output from the desired trajectory.

 Fig.4. shows the Block diagram of the process with 
Model Reference Adaptive Controller in Lab VIEW.

 The closed loop plant is made up of an ordinary 
feedback control law that contains the plant and a controller 
and an adjustment mechanism that bring forth the controller 
parameters.

B.  Design of an Optimised Model Reference Adaptive 
Controller using Genetic Algorithm

 Here the tuning parameter gamma is optimised using 
Genetic Algorithm. The procedure for Genetic Algorithm is 
as follows:
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Fig.4.Block diagram of the plant with Model Reference Adaptive Control

Fig.5. Block diagram of the plant with an optimised Model Reference Adaptive Control
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 Another function that is the fitness function is usually 
used to transform the objective function value into a 
measure of relative fitness. This mapping is always needed 
when the objective function is to be minimized as the lower 
objective function values correspond to fitter individuals 
[12]. Most often used transformation is that of proportional 
fitness assignment. The fitness function, f used was: f=1/ 
(0.01+Cost function)

IV. results and dIscussIon

 The real time results using an Optimised Model 
Reference Adaptive Control and conventional controller 
for the two tank interacting system are given as follows. 
The performance of the two controllers are evaluated and 
compared in terms of rise time and settling time. The 
performance index, Integral square error (ISE), Integral 
Absolute Error or IAE [2] is computed to demonstrate a 
performance comparison between the two controllers with 
a justification that having a lesser value of ISE and IAE 
means better performance [3].

 Fig.6 and Fig.7 shows the response of MRAC for 
different setpoints and Fig.8 and Fig.9 shows the response 
of Optimised MRAC for different setpoints.

1.   Choose an population of individuals

2.   Measure the fitness of each individual in that population

3.   Repeat the procedure until termination

 a. Select the best fit individuals for reproduction/
selection.

 b.   The new individuals will then go through crossover 
and mutation process to produce new  offspring.

 c.   Measure the fitness of each new individuals.

 d. Substitute the least-fit population with new 
individuals.

 Fig.5. shows Block diagram of the plant with optimised 
Model Reference Adaptive Controller in LabVIEW. This is 
used to obtain an optimised tuning parameter, gamma. The 
selection, crossover and mutation are given as subVI’s.

 The GA starts with a random population being initialized. 
This can be easily achieved in LabVIEW using the random 
number generator. Determining the number of population 
is the one of the important step in GA. It suggested that the 
safe population size is from 20 to 100 [1].Here a population 
of 30 is used. The objective function used in this work 
was the cost function which is selected for MRAC i.e. J(q) 
=1/2e2(q).

Fig.6.Response of the plant with Model Reference Adaptive Control for setpoint 10
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Fig.7.Response of the plant with Model Reference Adaptive Control for setpoint 12

Fig.8.Response of the plant with an Optimised Model Reference Adaptive Control for setpoint 10

Fig.9.Response of the plant with an Optimised Model Reference Adaptive Control for setpoint 12
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Table I peRFoRmance cRITeRIa

 Table I shows the performance criteria based on the 
responses obtained for an Optimised Model Reference 
Adaptive Controller, Model Reference Adaptive Controller. 
The Time Integral Performance Criteria such as Integral 
Square Error (ISE) and Integral Absolute Error (IAE), Rise 
time, Settling time are tabulated. The Rise time, Settling 
Time, ISE and IAE values are improved when an Optimised 
Model Reference Adaptive Controller is used.

V. conclusIon

 In this work the design of an Optimised Model 
Reference Adaptive Control was done in real time using 
LabVIEW. The performance comparisons have been made 
in terms of rise time, settling time and performance criteria. 
From the responses it is clear that the Optimised Model 
Reference Adaptive Control shows a better response than 
other controller. That is the process is perfectly following 
the model. Also the settling time is much faster than the 
process settling time. The performance index tells that it is 
one fold better. An Optimised Model Reference Adaptive 
Control proves to be robust and achieves an excellent 
control performance as compared to conventional MRAC.
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