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Adaptive Control 

Adaptive control is a control technique that provides a set of techniques for automatic 

adjustment of the controllers in real-time in order to achieve or to maintain a desired 

level of performance of the control system, when the parameters of the plant model 

are unknown and/or change in time. 

 

Adaptive control detects the changes in the characteristics of the process and adjusts 

the controller parameters automatically to compensate for the changing conditions of 

the process and in turn to optimize the loop response. 

 

Consider the case when the parameters of the dynamic model of the plant change 

unpredictably in time. These situations occur either because the environmental 

conditions change or because we have considered simplified linear models for 

nonlinear systems. These situations may also occur simply because the parameters of 

the system are slowly time-varying. In order to achieve and to maintain an acceptable 

level of performance of the control system when large and unknown changes in model 

parameters occur, an adaptive control approach has to be considered.  
 

 
 

Fig.1: An adaptive control system 
 

An adaptive control system consists of a normal feedback loop and a parameter 

adjustment loop as shown in Fig.1. The normal loop includes the controller and the 

process. The parameter adjustment loop consists of the parameter adjustment 

mechanism and a controller with adjustable parameters. The parameter adjustment 

loop is usually slower than the normal loop. The different types of adaptive control 

differ only by the mechanism it used for parameter adjustment. 



Adaptive Control/SM 
 

2 | P a g e  
 

 

History  

• In the early 1950, there was extensive research on adaptive control, in 

connection with the design of autopilots for high performance aircraft. Such 

aircraft operate over a wide range of speeds and altitudes. It was found that 

ordinary constant-gain, linear feedback control could work well in one 

operating condition, but that changed operating conditions led to difficulties. 

A more sophisticated regulator, which could work well over a wide range of 

operating conditions was therefore needed.  

• In the 1960s many contributions to control theory were important for the 

development of adaptive control. State space and stability theory were 

introduced. There were also important results in stochastic control theory. 

Dynamic programming introduced by Bellman, increased the understanding 

of adaptive processes. Fundamental contributions were also made by Tsypkin, 

who showed that many schemes for learning and adaptive control could be 

described in a common framework as recursive equations of a special type. 

There were also major developments in system identification and in parameter 

estimation.  

• In the late 1970s and early 1980s correct proofs for stability of adaptive 

systems appeared. Rapid and revolutionary progress in microelectronics has 

made it possible to implement adaptive regulators simply and cheaply. 

Vigorous development of the field is now taking place, both on universities 

and industry. Several commercial adaptive regulators based on different ideas 

are appearing on the market. A great number of industrial control loops are 

under adaptive control. These include a wide range of applications in 

aerospace, process control, ship steering, robotics and other industrial control 

systems.  

• In late 1980s and early 1990s, new insights into robustness of adaptive controllers. 

•  Recently, strong relations to ideas on learning. 

 

Necessity for Adaptive Control 

• The key reason is that most of the processes are nonlinear. The control loops are 

generally designed to maintain the controlled variable at its setpoint by 

compensating for all disturbance occurring in the process. The controller 

performance is optimum only for a particular range in which the process is 
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linearized. Once the process starts to operate beyond the linearized range, the 

controller fails to produce desired performance. It is because of the fact that the 

parameters of the controller are not suitable for the current operating conditions. 

• The changes in transfer function of process which occurs due to parameter 

variations or wear and tear of important components. 

• The nature and magnitude of disturbances vary with time. There may be an 

occurrence of an unpredictable and unknown disturbance in the process. 

• There may be a change in nature of inputs to the process. 

 

In all the above cases, a conventional controller cannot perform at a satisfactory 

level. This demands the need for a special type of controller that adapt in accordance 

with the uncertainties in the process and in turn Adaptive Control 

 

Applications of Adaptive Control 

• Adaptive control is used in robotic manipulations.  

• This control mechanism is used for altitude control of satellites.  

• It is used in the aircraft control and steering control of ships. 

• This control mechanism is also used in process control like temperature control 

in metallurgical processes and pH control in chemical industries. 

 

Adaptive Control versus Conventional Feedback Control 

Feedback is basically used in conventional control systems to reject the effect of 

disturbances upon the controlled variables and to bring them back to their desired 

values according to a certain performance index. To achieve this, first the controlled 

variables are measured and then the measurements are compared with the desired 

values and the difference is fed into the controller which will generate the appropriate 

control. A conventional feedback control system is shown in Fig.2. 

 
Fig.2: Conventional feedback control system 
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In adaptive control, a similar conceptual approach is considered for the problem of 

achieving and maintaining the desired performance of a control system in the presence 

of parameter disturbances. First a performance index (IP) for the control system which 

is a measure of the performance of the system is defined and then system IP is 

measured. This measured IP is compared with desired IP and their difference (if the 

measured IP is not acceptable) is fed into an adaptation mechanism. The output of the 

adaptation mechanism act upon the parameters of the controller and/or upon the 

control signal in order to modify the system performance accordingly. A block 

diagram illustrating a basic configuration of an adaptive control system is given in 

Fig. 3. An adaptive control system, which contains in addition to a feedback control 

with adjustable parameters a supplementary loop acting upon the adjustable 

parameters of the controller, will monitor the performance of the system in the 

presence of parameter disturbances. 

 

 

Fig. 3: Basic configuration for an adaptive control system 

 
 

Adaptive Control versus Robust Control 

In the presence of model parameter variations of a plant to be controlled, robust 

control design of the conventional feedback control system is a powerful tool for 

achieving a satisfactory level of performance for a family of plant models. This family 
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is often defined by means of a nominal model and a size of the uncertainty specified 

in the parameter domain or in the frequency domain. The range of uncertainty domain 

for which satisfactory performances can be achieved depends upon the problem. 

Sometimes, a large domain of uncertainty can be tolerated, while in other cases, the 

uncertainty tolerance range may be very small. If the desired performances cannot be 

achieved for the full range of possible parameter variations, adaptive control has to be 

considered in addition to a robust control design. 

The tuning of a robust design for the true nominal model using an adaptive control 

technique will improve the achieved performance of the robust controller design. 

Therefore, robust control design will benefit from the use of adaptive control in terms 

of performance improvements and extension of the range of operation. On the other 

hand, using an underlying robust controller design for building an adaptive control 

system may drastically improve the performance of the adaptive controller. 

 

Note:  

Difference between adaptive control and robust control  

• Robust control can also be used to deal with parameter uncertainty.  

• Adaptive control is superior to robust control in dealing with uncertainties in 

constant or slowly-varying parameters  

• Robust control has some desirable features which adaptive control does not 

have, such as its ability to deal with quickly varying parameters and 

unmodeled dynamics  

 

Direct and Indirect Adaptive Controllers 

The adaptive control algorithm can be divided into two categories. They are direct 

and indirect. In direct algorithm, the parameters are updated directly. If the controller 

parameters are obtained indirectly via a design procedure, then the adaptive 

controllers are known as indirect adaptive controllers. Sometimes, it is possible to re-

parameterize the process model such that it is possible to use either a direct or indirect 

controller. However, the indirect methods have sometimes been called explicit self-

tuning control, since the process parameters have been estimated. Direct updating of 

the regulator parameters has been called implicit self-tuning control. 
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Adaptive Schemes: 

 
There are three main adaptive schemes. These are- 

a) Gain scheduling  

b) Self-tuning regulator (STR) 

c) Model-reference adaptive control (MRAC). 

 

a) Gain Scheduling  

Gain-scheduling scheme is also known as open loop adaptive control system. A block 

diagram of such a system is shown in Fig. 4. In many situations, dynamics of a process 

changes with the operating conditions of the process. One source for the change in 

dynamics may be nonlinearities that are known. It is then possible to change the 

parameters of the controller by monitoring the operating conditions of the process. 

This idea is called gain scheduling. The adaptation mechanism in this case is a simple 

lookup table stored in the computer which gives the controller parameters for a given 

set of operating conditions. This technique assumes the existence of a rigid 

relationship between some measurable variables characterizing the operating 

conditions and the parameters of the plant model. It is then to reduce the effects of 

parameter variations simply by changing the parameters of the regulator as a function 

of operating conditions in a programmed way as shown in Fig. 4.  

 

 

 

Fig. 4: Gain-scheduling control scheme 
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This is an open loop adaptive control system because the modifications of the system 

performance resulting from the change in controller parameters are not measured and 

feedback to a comparison-decision block in order to check the efficiency of the 

parameter adaptation. This system can fail if for some reason or another the rigid 

relationship between the environment measurements and plant model parameters 

changes. 

Though gain-scheduling adaptive scheme is open-loop adaptation scheme, this 

scheme is widely used in a variety of situations with satisfactory results. Typical 

applications of such principles are: 

• adjustments of autopilots for commercial jet aircrafts using speed and altitude 

measurements, 

•  adjustment of the controller in hot dip galvanizing using the speed of the steel 

strip and position of the actuator and many others.  

 

Advantage of gain scheduling is that here parameters can be changed quickly in 

response to changes in the plant dynamics. It is convenient especially if the plant 

dynamics depend in a well-known fashion on a relatively few easily measurable 

variables. Disadvantage of gain scheduling scheme is that it is an open-loop adaptation 

scheme, with no real “learning” or intelligence.  

 

 

b) Self-tuning Regulator (STR) 

 

In an adaptive system, it is assumed that the regulator parameters are adjusted all the 

time. This implies that the regulator parameters follow changes in process. In self-

tuning regulator (STR), the parameters of the process are estimated online by the 

estimation techniques. Later these estimated parameters are used to design the 

controller parameters. Then these controller parameters are varied in the controller, 

ultimately resulting in control the plant. The block dia. of STR in shown in Fig. 5.  

 

There are two types of STR schemes. They are indirect STR and direct STR. In an 

indirect STR, the parameters of the process are estimated by the available estimation 

technique and these estimated parameters are used for design of the controller. This is 

a time-consuming process. This approach is also referred to as explicit self-tuning 

control. In a direct STR, the model is first re-parameterized in terms of the controller 

parameters then the parameters are estimated by the available estimation technique. 
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These estimated parameters are directly used for the design of the controller 

parameters, instead of process parameters. Thus, a lot of computation time is saved. 

The only computation effort here will be to re-parameterize the model in terms of the 

controller parameters, which needs to be done only once, so lot of time is saved in this 

approach. This approach is also referred to as implicit self-tuning control.  

 

 

 

Fig. 5: Block Diagram of Self Tuning Regulator (STR) 

 

 

c) Model-reference adaptive control (MRAC) 

 

The Model-Reference Adaptive Controller (MRAC) is one of the main approaches of 

adaptive control and MRAC scheme is shown in Fig. 6. Here, the desired performance 

is expressed in terms of a reference model, which gives the desired response to a 

command signal. The system also has an ordinary feedback loop composed of the 

process and the regulator. The error (e) is the difference between the output(s) of the 

system and the reference model. This information is used by the adaptation 

mechanism (subsequently called parameter adaptation algorithm) to directly adjust 

the parameters of the controller in real-time in order to force asymptotically the plant 

model-error to zero. There are two loops in MRAC system: an inner loop and an outer 

loop. Inner loop provides the ordinary control feedback and outer loop adjusts the 

parameters in the inner loop. The inner loop is assumed faster than the outer loop. In 
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this adaptive system, two ideas were introduced. First, the performance of the system 

is specified by a model. Second, the parameters of the regulator are adjusted based on 

the error between the reference model and the system. There are essentially three basic 

approaches to analysis and design of MRAC. These are – 

• The gradient approach 

• Lyapunov functions 

• Passivity theory  

 

 

 
 

Fig. 6: Model-Reference Adaptive Control (MRAC) scheme 
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