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Introduction

Adaptive Control
 Adaptive Control covers a set of techniques which provide a systematic

approach for automatic adjustment of controllers in real time, in order to

achieve or to maintain a desired level of control system performance

when the parameters of the plant dynamic model are unknown and/or

change in time.

 The foundation of adaptive control is parameter estimation. Common

methods of estimation include recursive least squares and gradient

descent.



Adaptive Control

Definitions

 Adaptive controller:

Is a controller that can modify its behavior in response to ch

anges in the dynamics of the process and the disturbances.

 Adaptive system:

Is any physical system that has been designed with an ada

ptive view point.



Principles of controller design
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Adaptive Control (Cont…)

Further insight into the operation of an adaptive control system can be gaine

d ifone considers the design and tuning procedure of the “good” controller

illustrated in the Figure previous.

In order to design and tune a good controller, one needs to:

 Specify the desired control loop performances.

 Know the dynamic model of the plant to be controlled.

 Possess a suitable controller design method making it possible to achieve

the desired performance for the corresponding plant model.



adaptive control techniques

In general one should distinguish between:

 Feedforward Adaptive Control

 Feedback Adaptive Control

The adaptive controllers can be divided into two algorithms;

 Direct Methods and

 Indirect Methods

 Direct methods are ones where in the estimated parameters are those

directly used in the adaptive controller.

 In contrast, indirect methods are those in which the estimated

parameters are used to calculate required controller parameters



Historical background

 In the early 1950, there was extensive research on adaptive

control, in connection with the design of autopilots for high

performance aircraft.

 In the 1960s many contributions to control theory were importa

nt for the development of adaptive control.

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

 adaptive systems appeared.



Adaptive control- Why?

 High performance control systems may require precise tuning

of the controller but plant (disturbance) model parameters may

be unknown or time-varying

 “Adaptive Control” techniques provide a systematic approach for

automatic on-line tuning of controller parameters

 “Adaptive Control” techniques can be viewed as approximations

of some nonlinear stochastic control problems (not solvable in practice)

 Objective of “Adaptive Control” : to achieve and to maintain

acceptable level of performance when plant (disturbance) model

parameters are unknown or vary



Adaptive Control versus Conventional Feedback

Control

Conventional Feedback Control System Adaptive Control System

Obj.: Monitoring of the “controlled”

variables according to a certain IP for

the case of known parameters

Obj.: Monitoring of the

performance (IP) of the control

system for unknown and varying

parameters

Meas.: Controlled variables Meas.: Index of performance (IP)

Transducer IP measurement

Reference input Desired IP

Comparison block Comparison decision block

Controller Adaptation mechanism



Control versus Conventional Feedback Control

 A conventional feedback control system is mainly dedicated to

the elimination of the effect of disturbances upon the controlled

variables.

 An adaptive control system is mainly dedicated to the elimination

of the effect of parameter disturbances (variations) upon the

performance of the control system.

 Adaptive control system = hierarchical system:

 • Level 1 : Conventional feedback system

 • Level 2 : Adaptation loop



Fundamental Hypothesis in Adaptive Control

 For any possible values of plant (disturbance) model parameters

there is a controller with a fixed structure and complexity such that

the specified performances can be achieved with appropriate

values of the controller parameters

 The task of the adaptation loop is solely to search for the “good”

values of the controller parameters



Adaptive Control versus Robust Control

Adaptive control can further improve the performance of a robust control

system by:

 expanding the range of uncertainty for which performance

specification can be achieved

 better tuning of the nominal controller

 For building an adaptive control systems robustness issues for the

underlying controller design can not be ignored.

 The objective is to add adaptation capabilities to a robust controller

and not to use adaptive approach for tuning a non robust controller.



Conventional Control – Adaptive Control -

Robust Control

Conventional versus Adaptive Conventional versus Robust



Conventional Control – Adaptive Control -

Robust Control (Cont…)

Robust Adaptive Control and Adaptive Robust Control are different.

What we need : Robust Adaptation of a Robust Controller



Open Loop Adaptive Control

Environment

Plant

Table
Environment

Measure

Adjustable

Controller

Assumption: known and rigid relationship between some measurable variables 

(characterizing the environment) and the plant model parameters

Called also: gain-scheduling systems



Introduction to neural networks

 An Artificial Neural Network (ANN) is an information processing

paradigm that is inspired by the way biological nervous systems,

such as the brain, process information.

 The key element of this paradigm is the novel structure of the

information processing system.

 It is composed of a large number of highly interconnected

processing elements (neurons) working in unison to solve specific

problems. ANNs, like people, learn by example.

 An ANN is configured for a specific application, such as pattern

recognition or data classification, through a learning process.

 Learning in biological systems involves adjustments to the synaptic

connections that exist between the neurons.



Introduction to neural networks

ANN resemble the human brain in the following 2 ways:

 ANN acquires knowledge through learning 

 ANN Knowledge is stored with inter-neuron connection strengths 

known as synaptic weights 



Historical background

 Neural network simulations appear to be a recent development.

However, this field was established before the advent of computers.

 The first artificial neuron was produced in 1943 by the neuro

physiologist Warren McCulloch and the logician Walter Pits. But the

technology available at that time did not allow them to do too much.

 Minsky and Papert, published a book (in 1969) in which they summed

up a general feeling of frustration (against neural networks) among

researchers, and was thus accepted by most without further analysis.

 Currently, the neural network field enjoys (تتمتع) a resurgence of interest

and a corresponding increase in funding.



Why use neural networks

 Adaptive learning: An ability to learn how to do tasks based on the

data given for training or initial experience.

 Self-Organization: An ANN can create its own organization or

representation of the information it receives during learning time.



Example

 A salesman wants to visit a number of towns and he will start from a

fixed town and end with it and visit every town once only. He plan

to find the shortest path during his visit.

 Now if we use simplex algorithm to find such path and with using a

most powerful computer CRAY2 which can do 109 arithmetic and

logic process in a second ( it is a supper computer ).

in using CRAY2

 without using CRAY2

Sol: Now if we use ANN of Stanford university (USA) with 100 neuron the

solution for 10 city is 10-5 sec.

Number of city Solution time

10 4 ms

15 21 min

18 77 year

30 9x 1015 year



Artificial Neural network (notes)

 Study and research in AI is very important in the age of interface

with a lot of different applications which include expert system ES,

and artificial neural technology.

 Also there are a great development in the field of AI software which

is used to simulate the human reasoning. However, the method

used as a processing in AI, is sequential with the use of knowledge

representation and acquisition.

 In neural computing we use parallel, II, processing and such

technology offer a great speed and can store a large amount of

information.



Architecture of ANN

Neurons work by processing information. They receive and 

provide information in form of spikes.

Model of ANN
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Components of ANN

 Input layers : Receive signal input without NN.

 Weights: Representation connect between layers (input layers &

output layers).

 Output Layer: Final layers that given target output after sequential

processing .

 Threshold: Is determined by the type of output is compared with the

output target.

 Activation Function: there are four parts:

- Step Function: output between [0,1]

- Sign Function: output between [1,-1]

- Linear Function: output similar input.

- Sigmoid Function: output between [0,1]



Tasks to be solved by artificial neural 

networks:

 controlling the movements of a robot based on self-

perception and other information (e.g., visual information);

 Deciding the category of potential food items (e.g., edible or 

non-edible) in an artificial world;

 Predicting where a moving object goes, when a robot wants 

to catch it. 



The following properties of nervous systems 

will be our interest in our ANN model:

 parallel, distributed information system 

 high degree of connectivity among basic units 

 connections are modified based on experience 

 learning is a constant process, unsupervised or supervised 

 learning is based only on local information 



Control Loop

 A mobile robot is controlled by a control loop, as shows in (Figure 2).

 Iteratively, this loop is read data received by the sensors; interpreter

calculates the motor commands and sends them to the actuators.

 Typically, this loop is executed about ten times per second; the

frequency can vary depending on the types of sensors and

actuators used.

 The control loop is not unique, depending on the architecture used;

it can be decomposed into several sub-loops control arranged in

different ways.



Control Loop (Cont…)



Using Artificial Neural Networks

 ANN model is able to be used as an arbitrary function

approximation mechanism that 'learns' from observed data.

 The model depending on the data representation and the

application.

Robustness

 The ANN result can be robust depending on whether the

model, cost function and learning algorithm are selected

appropriately, or not.



Learning the Algorithm

 One of the main attractions of the ANN for the learning

capabilities that possess some models.

 The automatic modification of the connection weights or more

rarely in the number and organization of neurons is defined

generally by learning to adapt to end processing performed by

the network to a particular task.



Number of Nodes and Layers

 Choosing number of nodes for each layer will depend on

problem ANN is trying to solve.

 types of data network is dealing with, quality of data and

some other parameters.

 Number of input and output nodes depends on training



Setting Weights

 The way to control ANN is by setting and adjusting weights between

nodes.

 Initial weights are usually set at some random numbers and then they

are adjusted during NN training.

 If results of ANN after weights updates are better than previous set of

weights, the new values of weights are kept and iteration goes on.

 Finding combination of weights that will help us minimize error should

be main aim when setting weights.



Running and Training ANN

 Running the network consist of a forward pass and a backward pass.

 In the forward pass outputs are calculated and compared with desired

outputs.

 Error from desired and actual output are calculated.

 In the backward pass this error is used to alter the weights in the network

in order to reduce the size of the error.

 When training ANN, we are feeding network with set of examples that

have inputs and desired outputs.

 If we have some set of 1000 samples, we could use 100 of them to train

the network and 900 to test our model



Back Propagation (BP) Algorithm
 One of the most popular NN algorithms is back propagation algorithm.

 Claimed that BP algorithm could be broken down to four main steps.

 The algorithm can be decomposed in the following four steps:

 Feed-forward computation.

 Back propagation to the output layer.

 Back propagation to the hidden layer.

 Weight updates

 The algorithm is stopped when the value of the error function has become small.

 After choosing the weights of the network randomly, the back propagation

algorithm is used to compute the necessary corrections.



Feed-Forward Computation

 Feed forward computation or forward pass is two-step process. The

First part is getting the values of the hidden layer nodes.

 The second part is using those values from hidden layer to compute

value or values of output layer.



Back Propagation to the Output Layer

 Next step is to calculate error of node.

 Once error is known, it will be used for backward propagation

and weights adjustment.



Back propagation training algorithm (BP)

Step 1: Initialize weight & offsets

Step 2: present input and desired outputs

Step 3: calculate actual outputs

Step 4: adapt weights



A top – down integrated perspective on 

neural processing

Application

Problem formulation

Algorithm Analysis

Neural model

Architecture of ANN

Implementation of ANN



Fundamentals on learning and training

Unsupervised learning

 Unsupervised learning is the biologically most plausible method, but

is not suitable for all problems. Only the input patterns are given; the

network tries to identify similar patterns and to classify them into

similar categories.

 Note: (Unsupervised learning). The training set only consists of input

patterns, the network tries by itself to detect similarities and to

generate pattern classes.



Unsupervised learning (Cont…)

In unsupervised learning,

 a simple Hebbian rule (corrected rule) mean be applied to

calculate weights changes.

 Compeer learning rules: is another class of learning rules used.

 Adaptive resonance theory (ART) combines competitive and

Hebbian rules together and uses feedback from output layer to the

input layer to ensure a consistent categorize.



supervised learning

 In supervised learning the training set consists of input patterns as well as

their correct results in the form of the precise activation of all output

neurons.

 Thus, for each training set that is fed into the network the output, for

instance, can directly be compared with the correct solution and and the

network weights can be changed according to their difference.

Note: Definition (Supervised learning). The training set consists of input patterns with
correct results so that the network can receive a precise error vector 1 can be retur
ned.



supervised learning (Cont…)

At first we want to look at the the supervised learning procedures in 
general, which - in this text - are corresponding to the following steps:

 Entering the input pattern (activation of input neurons),

 Forward propagation of the input by the network,
generation of the output,

 Comparing the output with the desired output (teaching
input), provides error vector (difference vector),

 Corrections of the network are calculated based on the
error vector.

 Corrections are applied.



supervised learning (Cont…)

 Supervised learning: here we need an external teacher.

 Paradigms of SL include error-correction learning (eg. BP).

 An important issue concerning supervised learning is the problem of error

convergence, that is the minimization of error between the desired and

computed unit values.

 The aim is to determine a proper set of weights which minimizes the error e.

 Error – correction, e , is defined as the norm difference between the desired

response and the actual response of the network


