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Abstract: The major disadvantage of non-adaptive control systems is that these control systems cannot cope with 

fluctuation in the parameters of the process. One solution to this problem is to use high levels of feedback gain to decrease 

the sensitivity of the control system. However high gain controllers have two major problems: large signal magnitude and 

closed loop instability. The solution to this problem is to develop a control system that adapts to changes in the process. 

This paper presents the design of adaptive controller to a Multi Input Multi Output (MIMO) chemical reactor. The 

proposed adaptive controller is tested by using Math lab Simulink program and its performance is compared to a 

conventional controller for a different situation. The paper demonstrated that while the adaptive controller exhibits superior 

performance in the presence of noise the convergence time is typically large and there is a large overshoot. The results from 

the case study indicate that the use of adaptive controller can be extended to process with inverse response. For such 

process the adaptive controller will be superior to the conventional controller even without parameters change in the 

process. Although the conventional controller has the smaller response time, it is incapable of eliminating the inverse 

response. 
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1. Introduction 

In common sense, ‘to adapt’ means to change a behavior 

to conform to new circumstances. Intuitively, an adaptive 

controller is thus a controller that can modify its behavior in 

response to the change in dynamics of the process and the 

character of the disturbances [1]. Adaptive control systems 

have been in existence for over thirty years, and a wide 

range of approaches have been developed [2]. The core 

element of all the approaches is that they have the ability to 

adapt the controller to accommodate changes in the process. 

This permits the controller to maintain a required level of 

performance in spite of any noise or fluctuation in the 

process. There are wide ranges of adaptive control methods 

currently in use but the objectives are the same that to 

provide an accurate representation of the process at all 

times [3]. An adaptive system has maximum application 

when the plant undergoes transitions or exhibits non-linear 

behavior and when the structure of the plant is not known. 

Gain scheduling is one form of adaptive control but it 

requires knowledge about all the process to be effective. 

Another alternative is to adapt the controller’s parameters 

or when a model is available to use the model identification 

error to tune the controller’s parameters [4]. Consequently, 

tuning of the controller is indirect and necessarily requires 

an accurate model of the process for satisfactory 

performance. Adaptive control systems are currently used 

in many operations and one of these operations is chemical 

process. There are two main reasons why adaptive 

controller is nee chemical processes. First, most chemical 

processes are non linear. Therefore, the linear zed models 

that are used to design linear controllers depend on the 

particular steady state (around which the process is 

linearized) .It is clear that as the desired steady state 

operation of a process changes, the ‘best’ values of the 

controller’s parameters change. This implies the need for 

controller adaptation. Second, most of the chemical 

processes are non stationary (i.e. their characteristics 

change with time). Typical examples are the decay of the 

catalyst activity in a reactor and the decrease of the overall 

heat transfer coefficient in a heat exchanger due to fouling. 

These change leads again to deterioration in the 

performance of linear controller which was designed using 

some nominal values for the process parameters, thus 

requiring adaptation of the controller parameters. The 

purpose of this paper is to design and simulate a Model 

Reference Adaptive control (MRAC) for a multiple inputs 
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multiple outputs chemical reactor [5]. The paper includes 

the following parts: section 2 provides an overview of 

model reference adaptive controller and design and 

simulation adaptive controller and comparison of 

performance of adaptive controller random-adaptive 

(conventional) controller. In the last section a case study 

which considered the control of Van de Vausee reactor will 

be demonstrated.  

2. Adaptive Control Design and 

Simulation 

This section provide three sets: the first covers the design 

of model reference adaptive control and its implementation 

in simulink. The second and the third compare the 

performance of an adaptive control to a conventional 

controller without noise and with noise respectively.  

2.1. Basic Adaptive Controller 

This is to provide the implementation of a basic adaptive 

controller using simulink. The first item that must be 

defined is the plant that is to be controlled. A CSTR with a 

general reaction A→B is the system to be controlled and 

the control variables are concentration of A and 

temperature of the reactor. 

The transfer function for the two SISO systems 

(concentration and temperature of reaction control) are 

obtained as 

2.1.1. Concentration Control 

 (1) 

 
Fig 1. Simulink plant implementation 

The next step is to define the model that the plant must 

be matched to. To determine this model we must first 

define the characteristics that we want the system to have. 

Firstly we will arbitrary select the model to be a second 

order model of the form: 

  (2) 

We must then determine the damping ratio ξ and the 

natural frequency ωn to give the required performance 

characteristics. For the concentration control a maximum 

overshoot (Mp) of 5% and a settling time (Ts) of less than 2 

seconds are selected. We can use the equation below to 

determine the required damping ratio and natural frequency 

of the system. 
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Based upon these formulae we get ξ=0.68 and 

ωn=2.1986 rad/s. The transfer function for the model is 

therefore 

   (5) 

Note that we have defined the plant we need to develop a 

standard controller to compare with the adaptive controller. 

The simulink diagram for this controller (and the plant) is 

shown in figure 2. 

 

Fig 2. Simulink conventional controller 

The final steps are then to implement the controller, the 

adaptation law and the link between the systems. 
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Fig 3. Simulink implementation of Lyapunov Adaptation Law 

 

Fig 4. Simulink implementation of Controller 

 

Fig 5. Simulink implementation of a Model Reference Adaptive 

Controller b) Temperature control 

The simplified transfer function model of the process is 

obtained as: 
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      (6) 

A reference model (second order) with a maximum 

overshot (Mp) of 2.5% and settling time (Ts) of 1 second is 

chosen. And the transfer function for the model is: 

   (7) 

The implementation of the complete model reference 

adaptive control is identical to the previous case except 

Gp1 and Gm1 are replaced by Gp2 and Gm2 respectively. 

The completed model permits the noise to be disabled, 

ramp function only, white noise only or a combination of 

ramp and white noise. The following parameters are plotted 

on graph: plant output with adaptive and with conventional 

control, model output, error between plant and model 

outputs and the controller parameters. 

2.2. ComparisonWithout Noise 

Note that the model is complete; the first task we must 

perform is, to compare the performance of the two 

controllers for a step input and no noise 

 

Figure 6. Plant output (concentration) with adaptive control (step input, 

no noise, Gamma=0.99) 

 

Figure 7. Plant output with conventional control (step input, no noise, 

Gamma=0.99) 

 

Figure 8. Plant output (temperature) with adaptive control (step input, no 

noise, Gamma=0.99) 
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Figure 9. Plant output temperature) with conventional control (step input, 

no noise, Gamma=0.99 

Looking at these graphs one of the major disadvantage of 

adaptive control is immediately apparent. It takes the 

adaptive controller nearly 20 seconds to match perfectly the 

output of the reference model. However the conventional 

controller is matched within 2 seconds. The overshoot of 

the adaptive controller is also excessive (of the order of 

50%) while the conventional controller has an overshoot of 

below 3%. 

One method of addressing this problem is to increase the 

adaptation gain (Gamma). For example, increasing the 

adaptation gain to 100 gives the response shown in figures 

10 and 11. 

 

Figure 10. Plant output with adaptive control (step input, no noise, 

Gamma=100) 

 

Figure 11. Plant output with adaptive control (step input, no noise, 

Gamma=100) 

This has improved the overshoot to below 10% and the 

settling time is now less than 10 seconds. While not perfect 

this is a significant improvement. Further increase in the 

adaptation gain does not result in an improvement of the 

system. 

2.3. Comparison with Noise (Comparison with Ramp 

Noise) 

The next logical step is to compare the performance of 

the two controllers in the presence of noise in the form of 

ramp signal, (slope=1). The adaptation gain has been 

restored to 0.99. 

 

Figure 12. Plant output (concentration) with adaptive control (step input, 

ramp noise, Gamma=0.99) 

 

Figure 13. Plant output (concentration) with conventional control (step 

input, ramp noise, Gamma=0.99) 

 

Figure 14. Plant output (temperature) with adaptive control (step input, 

ramp noise, Gamma=0.99) 
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Figure 15.Plant output (temperature) with conventional control (step 

input, ramp noise, Gamma=0.99) 

The situation begins to show the actual advantages of 

adaptive control. In this case the conventional controller is 

incapable of maintaining even a stable system. On the other 

hand the adaptive control manages to maintain stability. 

However large overshoot and offset and long settling time 

are present. There is also a large steady state error. As 

before increasing the adaptation gain to 100 reduces the 

overshoot to below 10%, the settling time to below 5 

seconds and the steady state error to zero. This is shown 

below in figure. 

 

Figure 16. Plant output (concentration) with adaptive control (step input, 

ramp noise, Gamma=100) 

2.3.1. Case Study 

Up to now, we have taken a general reaction A→B. So it 

is essential to consider a specific reaction to demonstrate 

the proposed adaptive control scheme to a great existent. 

This case study considers the control of the Van de 

Vusse reactor, the reaction scheme consisting of the 

following reactions: 

A → B → C 

2A → D 

A = yclopentaddiene, B= Cyclopentenol 

C =Cyclopentanediol, 

D= dicyclopentandiene 

The actual process dynamics are described by  

 (8) 

   (9) 

Where, CAS and CBS denote the effluent concentration of 

component A and B at steady state, respectively. The state 

variables x1 and x2 are deviation variables defined by 

x1=CA-CAS and x2= CB-CBS; u is the manipulated variable 

given by u=F/V – us, where us=Fs/V. the concentration of 

A in the feed stream, denoted by CAf and is equal to 

10mol/L. The reactor volume, V, is 7L and the rate 

constants are k1= 0.8333min-s, k2=1.6667min-s and 

k3=0.1667 L.mol-1.min-1. It is known that the process is at 

steady state with Fs=4 L/min, CAS=3mol/L and CBS=1.117 

mol/L initially. The control objective is to regulate the 

concentration of B, x2, by manipulating the dilution rate, 

Here; it is assumed that the original nonlinear 

characteristics are unknown and only the process nominal 

transfer function   
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    (10) 

Is known and is available for design. The response for 

step change in the input is shown in figure 17 

 

Figure 17. Response for a step change in the input 

For the adaptive control system, a reference model 

(second order) with maximum overshoot (5%) and settling 

time of 2 second is chosen and the transfer function for the 

model is: 

   (11) 

Controller setting for the non-adaptive controller is done 

using Ziegler-Nicholas technique and the best controller 

parameters are found to be Kc=3, τI=1 and τd=0.167. 

Using the above information the performances of the two 

controllers are compared for different situation. 

2.4. Comparison without Noise 

First, the performances of the two controllers without 

noise are compared. The responses for a step change (0.1) 

in the input are shown in figure 18. and figure 19. ( ) ( ) 2
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Figure 18. Plant output with adaptive controller (step input, no 

noise,γ=0.5) 

 

Figure 19. Plant output with conventional controller (step input, no noise)  

Looking at these two graphs, the advantage of adaptive 

controller can be seen as it eliminates the inverse response. 

Although the conventional controller has the smaller 

response time (2 second) compared to the adaptive 

controller (7 second), it is incapable of eliminating the 

inverse response. The response time for the adaptive 

controller can be decreased at a cost of initial oscillation. 

Figure 20 shows the effect of increasing the adaptation rate 

to 0.75.  

 

Figure 20. Plant output with adaptive controller (step input, no 

noise,γ=0.75) 

2.4.1. Comparison with Ramp Noise 

The next task to be done is to compare the performances 

when there is a disturbances or a change in the process 

parameters. The responses for a step change in the input 

with a ramp noise (slope=0.1) are shown in the next two 

figures. 

 

Figure 21. Plant output with adaptive controller (step input, ramp noise, 

γ=0.5) 

 

Figure 22. Plant output with conventional controller (step input, ramp 

noise) 

From the above two figures it can be seen that the 

conventional controller is incapable of maintain even 

stability. Although there is a large steady state error, the 

adaptive controller gives a better plant response. But the 

steady state error can be eliminated by increasing the 

adaptation rate. This is shown in the next figure. 

 

Figure 23. Plant output with adaptive controller (step input, ramp noise, 

γ=0.75) 

3. Conclusion 

The use of multiple model and adaptive controller are 

attractive especially when the process is known to transition 

to unknown operating states. It is also intuitive that a fixed 

parameter controller (conventional controller) may not 

provide satisfactory closed loop control.  The non adaptive 



70 Yasabie Abatneh et al.:  Adaptive Control Design for A Mimo Chemical Reactor 

 

 

model can provide speed whenever its parameters are close 

to those of the process while the adaptive model can 

provide accuracy because its parameters are permitted to 

adapt.    

The paper has aimed to provide an understanding of how 

to implement an adaptive controller and to compare an 

adaptive controller with a conventionally designed 

controller in various situations. The paper demonstrated 

that while the adaptive controller exhibits superior 

performance in the presence of noise the convergence time 

is typically large (greater than 10 seconds) and there is 

large overshoot. These two problems are due to the 

adaptive controller failing to adapt fast enough to force the 

plant to match the model. Increasing the adaptation rate 

improves the performance of the adaptive controller at the 

cost of increased oscillation. One interesting observation is 

that the presence of noise increase the time required for the 

adaptive controller to converge. The probable reason for 

this is that the presence of the noise provides the adaptive 

controller with more of signals to process. 

The results from the case study indicate that the use of 

adaptive controller can be extended to process with inverse 

response. For such process the adaptive controller will be 

superior to the conventional controller even without 

parameters change in the process. Although the 

conventional controller has the smaller response time, it is 

incapable of eliminating the inverse response.  
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