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ВСТУП 

 

Дані методичні вказівки щодо виконання практичних занять з навчальної 

дисципліни «Cпецкурс англійської мови» призначені для студентів денної 

форми навчання зі спеціальності 151  «Автоматизація та комп’ютерно-

інтегровані технології» за освітньо-професійною програмою «Комп’ютерно-

інтегровані технологічні процеси і виробництва» освітнього ступеня 

«Бакалавр». 

Мета вказівок – надати студентам допомогу у формуванні іншомовної 

комунікативної компетентності у сфері професійного спілкування, що 

обумовлюється метою викладання навчальної дисципліни «Cпецкурс 

англійської мови» й основними завданнями вивчення цієї навчальної 

дисципліни, а саме: формування лексичного запасу з окреслених тематичними 

модулями тем; розвиток уміння висловлювати свою думку як усно, так і в 

письмовому вигляді; вести бесіду з професійних тем; презентувати результати 

своїх розробок; вільно читати, розуміти й обговорювати тексти з визначеної 

тематики. 

Вправи та завдання спрямовані на активізацію лексичного та 

граматичного матеріалу, розширення словникового запасу за тематикою 

змістових модулів.  

Згідно з вимогами освітньо-професійної програми студенти повинні 

знати: 

– загальновживані терміни та словосполучення з тем тематичних модулів;  

– граматичні ресурси англійської мови;  

– правила словотвору;  

уміти: 

– висловлювати свою думку як усно, так і в письмовому вигляді; 

– вести бесіду на теми тематичних модулів; 

– вільно читати, розуміти й обговорювати професійні тексти; 

– презентувати результати своїх розробок. 
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1 ВИМОГИ ДО ОФОРМЛЕННЯ ЗВІТІВ З ПРАКТИЧНИХ ЗАНЯТЬ 

 

Звіт про виконання практичних занять (далі  звіт) має бути написаний 

студентом власноруч, розбірливим почерком, чисто й охайно, однаковим 

чорнилом (синіми чи фіолетовими) чи пастою на аркушах білого папера 

форматом А4 (210×297 мм) чи комп’ютерним способом (за допомогою 

комп’ютерної техніки) шрифтом Tіmes New Roman, розміром 14 пунктів на 

одному боці аркуша. На одній сторінці допускається не більш ніж три 

виправлення, зроблені охайно і розбірливо (припускається застосування 

коректора). 

Звіт повинен включати: 

 титульну сторінку; 

 тему практичного заняття; 

 мету практичного заняття; 

 виконані завдання; 

 відповіді на контрольні питання. 
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2 ПЕРЕЛІК ПРАКТИЧНИХ ЗАНЯТЬ  

 

Практичні заняття № 16–18 

Тема 6 Automatic Control Concept. Present Perfect Progressive and Past 

Perfect Progressive 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Use Present Perfect Continuous 

• to talk about recent continuing activities. 

What have you been doing /ate/y? 

I've been revising for my exams. 

• to explain how recent continuing activities have caused the present situation. 

My eyes ache. I've been reading al! day 

• to talk about recent continuing activities which will probably continue in the future. 

This diagram shows how the climate has been changing. 

• with how /ong questions. 

How /ong have you been studying French? 

(this is a continuing process,and isn't finished) 

• with time words /ate/y, recent/y, al! (day), every (morning), for, since. 

Use Past Perfect Continuous 

• in a past tense narrative, to describe a continuing action in a period of time before 

something 

else happened. 

Anna returned from France, where she had been studying French. 

• to explain a past situation, by describing the events happening before. 

80th boys were wet and muddy They had been playing football in the rain. 

Завдання до теми 

To understand automatic process control, you must first fix in your mind three 

important terms that are associated with any process: controlled quantities, 
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manipulated quantities, and disturbances. These are illustrated in Fig. 2-1. The 

controlled quantities (or controlled variables) are those streams or conditions that the 

practitioner wishes to control or to maintain at some desired level. These may be flow 

rates, levels, pressures, temperatures, compositions, or other such process variables. 

For each of these controlled variables, the practitioner also establishes some desired 

value, also known 

as the set point or reference input. 

 

 

For each controlled quantity, there is an associated manipulated quantity or 

manipulated variable. In process control this is usually a flowing stream, and in such 

cases the flow rate of the stream is often manipulated through the use of a control 

valve. Disturbances enter the process and tend to drive the controlled quantities or 

controlled variables away from their desired, reference, or set point conditions. The 

automatic control system must therefore adjust the manipulated quantities so that the 

set point value of the controlled quantity is maintained in spite of the effects of the 

disturbances. Also, the set point may be changed, in which case the manipulated 

variables will need to be changed to adjust the controlled quantity to its new desired 

value. 

Fig. 2-2 shows a typical home heating system. In such a system, the controlled 

variable is room temperature. (Your intent, of course, is to maintain creature comfort 

in the room, and you control “comfort” by controlling a variable that can be measured 

easily, such as temperature.) A number of disturbances cause room temperature to 

vary, for example, outside ambient temperature, the number of people in the room, 

the type 
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of activity taking place in the room. The automatic control system is designed to 

manipulate the fuel flow to the furnace in order to maintain room temperature at its 

desired value or set point in spite of the various disturbances. 

 

Typical Manual Control 

Before studying automatic process control, it is helpful to spend a moment or 

two reviewing a typical manual operation. This is illustrated in Fig. 2-3, which shows 

a process with one controlled quantity. On the stream leaving the process, there is an 

indicator to provide the operator with information on the current actual value of the 

controlled variable. The operator is able to inspect this indicator visually and, as a 

result, to manipulate a flow into the process to achieve some desired value or set 

point of the controlled variable. The set point is, of course, in the operator’s mind, 

and the operator makes all of the control decisions. The problems inherent in such a 

simple manual operation are obvious. 
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Feedback Control 

The simplest way to automate the control of a process is through conventional 

feedback control. This widely used concept is illustrated in Fig. 2-4. Sensors or 

measuring devices are installed to measure the actual values of the controlled 

variables. These actual values are then transmitted to feedback control hardware, and 

this hardware makes an automatic comparison between the set points (or desired 

values) of the controlled variables and the measured (or actual) values of these same 

variables. 

Based on the differences (“errors”) between the actual values and the desired values 

of the controlled variables, the feedback control hardware calculates signals that 

reflect the needed values of the manipulated variables. These are then transmitted 

automatically to adjusting devices (typically control valves) that manipulate inputs to 

the process. 

 

The beauty of feedback control is that the designer does not need to know in 

advance exactly what disturbances will affect the process, and, in addition, the 

designer does not need to know the specific quantitative relationships between these 

disturbances or their ultimate effects on the controlled variables. The control 

hardware is used in a standard format, and all feedback control loops tend to reflect 

the general conceptual 

framework illustrated in Fig. 2-4. To a very significant extent, this standard pattern 

exists regardless of the specific nature of the process or the controlled variable 

involved. 
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The particular hardware used in a loop and the particular matching of one hardware 

piece to another is an important responsibility for the designer, but the overall control 

strategy is always the same in feedback control. 

Such feedback control is the simplest automatic process control technique that 

can be used, and it represents the basis for the vast majority of industrial applications. 

Manual Feedforward Control 

Feedforward control is much different in conception from feedback control. A 

manual implementation of feedforward control is illustrated in Fig. 2-5. As a 

disturbance enters the process the operator observes an indication of the nature of the 

disturbance, and based on that entering disturbance the operator adjusts the 

manipulated variable so as to prevent any ultimate change or variation in the 

controlled variable caused by the disturbance. The conceptual improvement offered 

by feedforward control 

is apparent. Feedback control worked to eliminate errors, but feedforward control 

operates to prevent errors from occurring in the first place. The appeal of feedforward 

control is obvious. 

Feedforward control does escalate tremendously the requirements of the 

practitioner, however. The practitioner must know in advance what disturbances will 

be entering the process, and he or she must make adequate provision to measure these 

disturbances. In addition, the control room operator must know specifically when and 

how to adjust the manipulated variable to compensate exactly for the effects of the 

disturbances. If the practitioner has these specific abilities and if they are perfectly 

available, then the controlled variable will never vary from its desired value or set 

point. If the operator makes some mistake or does not anticipate all of the 

disturbances that might affect the process, then the controlled variable will deviate 

from its desired value, and, in pure feedforward control, an uncorrected error will 

exist. 
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Automatic Feedforward Control 

Fig. 2-6 shows the general conceptual framework of automatic feedforward 

control. Disturbances are shown entering the process, and sensors are available to 

measure these disturbances. Based on these sensed or measured values of the 

disturbances, the feedforward controllers then calculate the needed values of the 

manipulated variables. Set points that represent the desired values of the controlled 

variables are provided to the feedforward controllers. 

It is clear that the feedforward controllers must make very sophisticated 

calculations. These calculations must reflect an awareness and understanding of the 

exact effects that the disturbances will have on the controlled variables. With such an 

understanding, the feedforward controllers are able then to calculate the exact amount 

of manipulated quantities required to compensate for the disturbances. 

 

These computations also imply a specific understanding of the exact effects 

that the manipulated variables will have on the controlled variables. If all of these 

mathematical relationships are readily available, then the feedforward controllers can 
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automatically compute the variation in manipulated flows that is needed to 

compensate for variation in disturbances. The escalation in the theoretical 

understanding required is obvious. Feedforward control, while conceptually more 

appealing, significantly escalates the technical and engineering requirements of the 

designer and practitioner. As a result, feedforward control is usually reserved for only 

a very few of the most important loops within a plant. While the number of 

applications is small, their importance is quite significant. 

Process Control and Process Management 

Process automation is commonly used to derive the maximum profitability 

from a process. In the previous sections of this unit there was an implicit assumption 

that we knew the desired values (typically “desired” in order to achieve maximum 

profitability) for the controlled quantities. Once these desired values are known, 

automation techniques are applied to achieve and/or maintain these desired values or 

set points. 

Upon reflection, however, it can be seen that some of the most significant questions 

associated with the profitability of a process are those that must be answered to 

determine the desired values. This is basically the supervisory or management 

function, and quite often it is left for the human operator to determine. But, in recent 

years, with the significant advances in process automation many of these supervisory 

or management functions have themselves become automated, and the ability to 

achieve technological solutions and hardware answers for such management 

questions is a significant part of the modern control scene. 

In a particular process, as the level of automation is increased, most of the initial 

steps involve using conventional process control (such as feedback control). 

However, as the level of automation increases more and more of the automation is 

associated with process management. This is illustrated in Fig. 2-7. The combination 

of these two phenomena—process control and process management—must be 

reflected in our overall understanding and appreciation of process automation. 
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Контрольні питання 

1. Consider an electric oven in a typical modern kitchen. Identify the controlled 

variable, the manipulated variable, and the disturbances. 

2. Consider an automatic gas-fired, home hot-water tank. Identify the 

controlled variable, the manipulated variable, and the disturbances. 

3. Imagine you own a backyard swimming pool! Describe a manual control 

system to measure pH and to add an acidic solution to adjust pH. Define the 

controlled variable, the manipulated variable, and the disturbances. 

4. Now automate the control of your swimming pool! Assume you have a tank 

of acid solution to pump into your pool to control pH; use feedback control. 

5. The “Cruise Control” feature used to control speed in an automobile is a 

good example of feedback control. Outline its operation in terms of feedback control. 

6. Consider a gas-fired, home hot-water tank being used in a house that uses a 

lot of hot water. This heavy usage, of course, is the disturbance or load on the tank. 

Using a diagram, show how such a tank could be controlled using feedforward 

control. 

Література: [8, с. 32–75; 9, с. 18–62]. 

 

Практичні заняття № 19–21 

Тема 7 Automatic Control Systems. Future Tenses 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 
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Короткі теоретичні відомості 

Use will 

• to say what we expect to happen in the future. 

It will take 50 years for temperatures to return to normal. 

• with definite/y, probably, possibly to show how certain ar uncertain we are. 

less certain – probably / uncertain – possibly 

It will probab/y take 50 years for the climate to stabilize. 

The climate will definitely change before then. 

• to make a social arrangement. 

I’ll see you tomorrow 

• to make a promise, warning or threat. 

I'11give you my homework on Monday (promise) 

Careful! You'lI fali. (warning) 

I'l1deal with you later! (threat) 

• to make an offer. 

I'11carry the projector for you. Shalll I carry it for you? 

• in a formai rule. 

5tudents will wear protective clothing at all times. 

• to make a decision in a situation. 

Which pullover do you want? I'l1have this one, I think. 

Use won't 

• to mean 'refuse'. 

Jack won 't give me back my ruler! 

Use shall 

• in formai speech ar writing with l/we. 

• to make offers . 

Use going to 

• to talk about a personal plan ar intention. 

We're going to try and recycle more of our household rubbish. 
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• to make a prediction about the future, especially when this has already started 

to happen. 

Most people can see that the Internet is going to be just as much a part of the 

future for us all as the telephone or electricity is taday 

Something strange is happening to the computer screen. The program is going 

to crash! 

• to make a decision with a result in the distant future, not 'instant', as with will. 

I've decided about my future. I'm going to study law at university 

Present Continuous for future 

• Usefor a fixed arrangement in the future eg an event already written in a 

diary. 

I'm coming back next Thursday 

We're having a party next Friday Would you like to come? 

Note that there is usually a time reference. 

What are you doing next week? 

Present Simple for future 

• Usefor an event that always happens at a certain time, or is part of a 

timetable. 

The conference begins on Tuesdayat 10.00. 

will, going to or present continuous? 

When we make predictions will and going to are both possible. 

I think Helen is going to win. I think Helen will win. 

We use going to when we talk about plans. 

We're going to go to France next year. (a plan) 

We use present continuous when we talk about an arrangement that is 

definitely fixed. 

We're /eaving for France on Monday (we've bought the tickets) 

When we see that an event has already started to happen, we use going to. 

Look at that ship! It's going to hit the rocks! 

  



 16 

Завдання до теми 

Control theory was developed to support the emergent activity of automatic 

control. It is therefore a useful motivation to turn our attention to automatic control. 

Although automatic control is nowadays a complex discipline, no longer 

primarily concerned with the replacement of human operators, it is a useful starting 

point to consider what sort of skills are necessary to move from an existing, manually 

controlled situation to a new automatically controlled situation. 

(1) A central idea of control theory is the control loop. All control loops have the 

same basic form, regardless of the particular application area. Thus, control theory 

uses an application-independent notation to convert all control problems into the 

same standard problem.We can consider that control theory concentrates on studying 

the universal situations that underlie all applications of quantitative control. In 

broadest form, a control loop appears as in Figure 1.9. The decisions govern actions 

that are taken. The effect of the actions is reported back by the information channel. 

Further decisions are taken and the loop operates continuously as described. A 

control loop provides an extraordinarily powerful means of control but, at the same 

time, the existence of the loop always brings the possibility of the potentially very 

destructive phenomenon of instability. 

(2) All control loops are error driven, where error is defined as the difference between 

the behaviour that is desired and the behaviour that is measured. 

(3) An important performance measure for a control system relates to rate of error 

reduction. Often, performance is quoted in terms of the highest frequency that the 

control system can follow, when required to do so. 

(4) All control loops tend to become unstable as higher and higher performance is 

sought. A good understanding of the topic of stability is central to understanding 

control theory. 

Some examples of control systems 

Four control systems are illustrated in Figure 1. All can be seen to have the 

form of Figure 2. A user, uninterested in the mechanics of all this, will see the 
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simpler view of Figure 3. We refer to this single block (that has the control loop 

hidden inside) as the control system. The following further points are important: 

(5) Control system performance can only be meaningfully specified in relation to the 

(total) control system of Figure 3. 

 

Figure 1.  Some examples of particular control applications 

 

Figure 2.  The general form of all the control systems 

 

Figure 3.  A user’s view of the control system 

(6) The control system designer almost always has to incorporate into the 

control loop an element whose intrinsic behaviour is largely outside his own 

influence. (For instance, the control systems designer may have little influence on the 

design of a building although later this person will be called upon to design 

temperature control systems for it.) 
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(7) To quite a large extent, the controller must neutralise adverse characteristics 

in the process, compensating for non-ideal process configurations and for short- and 

long-term perturbations and variabilities. 

(8) For (7) to be possible, the process characteristics must be known to some 

degree of accuracy and be reasonably constant. 

(9) Ideally (see (6)) the control system designer will ensure that the process has 

the best possible inherent behaviour, even with no control. The control design cycle 

therefore roughly includes the following steps: 

(a) Decide on a necessary performance specification. 

(b) Quantify the performance of any system-to-be-controlled element that is to 

be included in the control loop. 

(c) Design, by one or other control design techniques, a controller so that the 

control system meets the specification of (a). 

(d) Construct, commission and test the control system. 

Requirements for an automatic control system 

If it is possible to synthesise the best possible actions continuously by some 

sort of algorithm, then we have arrived at automatic control. 

In the best known and simplest form of automatic control, the desired behavior is 

specified as a requirement that the measured system response (say y) should 

continuously and closely track a required system response (say v) that is input by the 

system user. 

Of course, v may be constant or even always set equal to zero. In such cases, an 

automatic control system has the task of keeping a measured value of y always equal 

to the specified constant value of v, despite the presence of disturbing influences. 

These general requirements of an automatic control system are shown in Figure 2.4. 

Moving more towards the realisation of a practical system, Figure 2.5 results. 

It is clear that the success of the scheme presented in Figure 2.5 depends on the 

disturbances w being measurable and on the existence of an accurate quantitative 

understanding of the system to be controlled, for otherwise the ‘generator of control 



 19 

actions’ cannot be accurately constructed. (Notice that no use is made of any 

measurement of the response.) 

 

 

Figure 2.4. Requirements for an automatic control system 

 

Figure 2.5. Realisation of an automatic control system 

 

Контрольні питання 

1. Which are requirements for ACS? 

2. What is a realization of ACS? 

Література: [8, с. 102–155; 9, с. 100–157]. 

 

Практичні заняття № 22–24 

Тема 8 Feedback Control. Contable and Uncountable Nouns 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Countable and uncountable nouns 

Countable nouns are people or things that we can count. They have a singular 

and a plural form (e.g. file, program, system, application). 

An icon is a small graphic. The icons on the toolbar are used to... 
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Uncountable nouns are things that we can't count. They have no plural form 

(e.g. software, music, robotics, multimedia, networking, storage). 

A lot of software these days is open-source. Not: A lot of softwares these days 

are open-source. 

Some words are countable in many languages but uncountable in English, and 

are used with a singular verb (e.g. advice, damage, equipment, furniture, research, 

news, progress, homework). 

The advice he gave me was very useful. 

Countable nouns must have a determiner (a, the, my, this, etc.) in the singular, 

although this is not necessary in the plural. 

I deleted the file yesterday. 

I lost more than 300 files when my computer crashed. 

We use a before a consonant sound and an before a vowel. The definite article 

the means you know which one/ones I mean. 

We don't use a/an with uncountable nouns. 

Not: a robotics 

We don't use the in generalizations with uncountable nouns or plural countable 

nouns. 

I like music. Not: I like the music. Computer programs are expensive. Not: The 

computer programs are expensive. 

Countable and uncountable nouns take different determiners. 

Many, few, a few only go with countable nouns. 

There are many versions of Windows Vista. 

Much, little, a little, a great deal of only go with uncountable nouns. 

I have a little time free this afternoon if you want to meet. 

Завдання до теми 

In automatic control, a device called a controller issues commands that are 

physically connected to a process with the intention to influence the behaviour of the 

process in a particular way. The commands that will be issued by the controller in a 



 21 

particular set of circumstances are completely determined by the designer of the 

controller. Thus, automatic control can be seen to be completely pre-determined at 

the design stage. 

The controller may be driven by time alone or it may be driven in a more 

complex way by a combination of signals. In feedback control, the controller is error 

driven. That is, the controller receives a continuous measurement of the difference 

between required behaviour and actual behaviour and its output is some function of 

this error (Figure 3.1). 

In this type of system, excellent results can be obtained in practice with very 

simple controllers indeed, even when operating under conditions where the system to 

be controlled is not well understood. Roughly speaking, we can imagine that the 

controller will keep on taking corrective action until the error is reduced to zero. 

An alternative view of the arrangement of Figure 3.1 is that users see an 

artificially enhanced system that has been synthesised to meet their wishes. If we 

represent the controller by an operator D and the system to be controlled by an 

operator G, we obtain: 

 

 

Figure 3.1. A feedback control loop. Notice that the output of the controller is a 

function of error v – y 

The design task is to specify the controller D, connected to a given process G 

as in figure 3.1, such that a satisfactory overall performance is obtained. We can 

imagine that the controller modifies the process characteristics in ways chosen by the 

designer. 

We next assume that there exists a desired hypothetical process H. By suitable 
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connection of a controller D to the actual process, are we able to produce a 

configuration that behaves the same as H? 

If we interconnect G and D as shown in Figure 3.2 and assume some 

benevolent mathematics that allows us to manipulate the symbols, then from the 

figure,  

 

and setting 

 

will be found to accomplish the objective of making y/v equal to H. In other words, 

this choice of D does indeed make the synthesised configuration behave like the 

chosen hypothetical process H. 

Here we assume that well-behaved operators can be found to operate on the 

sort of functions that exist in the control loop and possess those other properties of 

associativity and invertibility that are needed to make manipulation valid (i.e. we 

assume that the operators G, D, H are elements in a group). 

Laplace transforms or other techniques can produce these operators for specific 

examples, but for the moment, it is sufficient to know that such operators exist. 

 

Figure 3.2.  A feedback loop with the system to be controlled denoted G and 

the controller denoted D 

 

Then, from the set of equations above, it is clear that 

 

and the system represented by the operators in the square brackets can be 

synthesized by choice of D to behave as the user requires. 
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We note and ask: 

D contains G
_1

, the inverse of the plant: 

● This may be of high order. 

● Is it (G) known? 

● Does it (G) stay constant? 

● If G changes by (say) 10%, will control become very poor? 

(i) Can our requirements be adequately represented by an operator H? 

(ii) How is H chosen? 

(iii) Is it not disturbing that H is not in any way dependent on G? For instance, 

can we turn a low-performance aircraft (G) into a high-performance aircraft (H) 

simply with the aid of a clever algorithm? A simple question, but it leads to a 

valuable conclusion: high performance can rarely be obtained algorithmically but 

almost always requires expensive equipment such as big engines and high power-to-

weight ratios. 

(iv) Does D turn out to be a possible, buildable, robust, practical controller? 

Comment 

Limits on attainable performance are set by the constraints in the process. 

These constraints are not at all modelled by the (linear) operator G, nor are they 

otherwise easily fed into the design procedure. A key point is that if H is chosen too 

ambitiously, then D will simply drive the process G into saturation. 

In practice, a particular process G can nearly always be marginally improved to 

(say) a faster responding H, whereas it will rarely be able to be improved by several 

orders of magnitude. The chief difficulty therefore lies in specifying H – how 

ambitious can we be? 

How feedback control works: a practical view 

The illustrations use temperature control and foreign currency exchange 

control but the results are valid for any feedback loop. 

Block G (Figure 3.3) is a heating process. It receives an input of ‘fuel flow’ 

and produces an output ‘temperature’. 
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Block D (Figure 3.4) is a motorised fuel valve. When the control signal is zero, 

the valve produces a fuel flow u0. When the control signal is positive, the fuel flow is 

increased as shown in Figure 3.5. The larger the control signal, the steeper the rate of 

increase (Figure 3.6). Conversely, negative control signals produce decreasing fuel 

flows. 

 

Figure 3.3. А heating process viewed as an input–output device 

 

Figure 3.4.  A controller for connection to the heating process 

 

 

Figure 3.5. The characteristic of the controller D: how the control signal causes 

changes in fuel flow 

 

 

Figure 3.6.  Further illustration of the characteristics of the controller D. How 

stepwise increases in control signal are translated into increasing rates of fuel flow 

If now the feedback loop in Figure 3.7 is formed, the input to the motorised 

valve D is the difference between the temperature that is desired and the actual 

(measured) temperature. 
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Figure 3.7.  A feedback loop in which the motorised valve is connected to the 

heating process 

Assume that the measured temperature is 80° C and the desired temperature is 

100°C. Then the input received by the valve D will be 100 - 80 = 20. This is a 

positive signal and valve D will respond by increasing the fuel flow. Heating process 

G, on receiving an increased fuel flow, will respond by increasing its temperature so 

that it will climb above 80° C. The error will decrease and the fuel flow will settle 

eventually at the value that brings the measured and desired temperatures to be equal, 

i.e. to a zero error condition. The operation just described is illustrated in Figure 3.8. 

Notice carefully that the temperature will arrive exactly at the desired value 

regardless of the particular characteristics of heating process and valve. For instance, 

even should the heating process suddenly and unexpectedly fall in efficiency (thereby 

requiring more fuel to achieve the same temperature), the feedback loop will 

compensate perfectly for this change since the fuel flow will be increased 

automatically to whatever level is required to give exactly the desired temperature. 

Here we see the great attraction of feedback control – an imperfectly understood 

process, even one subject to large unpredictable changes of basic characteristics, can 

be satisfactorily controlled using a control law that is specified in the vaguest of 

terms. 
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Figure 3.8.  Expected behaviour of the heating process when under closed loop 

control 

Before we move on to consider the implications, let us illustrate the feedback 

control principle at work in a different, much wider context (Figure 3.9). Here let the 

element G be an economic element whose input is UK bank rate (%) and whose 

output is the exchange rate, number of US dollars per pound sterling. 

 

Figure 3.10.  The economic element under a loose form of closed loop control by 

the Bank of England 

Assume that the Bank of England has in mind a desired exchange rate, say $1.6 

against the pound. It is ‘generally accepted’ that increasing the UK interest rate will 

increase the exchange rate. The Bank, D, in the feedback control loop, therefore 

manipulates the interest rate to whatever level is necessary to achieve the desired 

exchange rate (Figure 3.10). 

 

Figure 3.10. The economic element under a loose form of closed loop control 

by the Bank of England 

Of course, the Bank does not ramp the exchange rate (as in the earlier fuel rate 

example) – but rather moves it in a succession of steps to form a staircase function 

that is all too familiar (Figure 3.11). Notice again that (fortunately) the Bank does not 

need to understand how the economy works to attain the required exchange rate, 

using the principle of feedback. 
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Figure 3.11.  A typical interest rate profile resulting from the Bank of 

England’s actions 

The feedback principle works extremely well provided that the available 

actions do not encounter constraints that limit their magnitudes. In the case of 

temperature control, there will always be some limit on fuel flow rate. In the case of 

exchange rate control, there will always be restraints, often of a political nature, on 

the magnitude of  the interest rate that can be used. Linear systems have no such 

constraints and hence linear control theory can never deal satisfactorily with the 

inevitable boundedness of all real control actions. 

We now return to the main theme of practical feedback control. We recall that 

the approach has the considerable merit that it offers exact control of vaguely 

specified and possibly changing mechanisms, using quite loosely specified control 

actions. The underlying rough idea is that the action in the control loop keeps on 

increasing/decreasing to whatever level is needed to make the error zero. So long as 

the error is non-zero, further action is taken in the direction that will reduce the error. 

When the error reaches zero, the value of the controlled variable is, by definition, 

equal to the specified desired value. 

We have seen that an acceptable level of control can be obtained for 

imperfectly understood processes using vaguely specified actions. However, it is now 

time to ask: 

(i) How long does it take for control to be achieved and what is the nature of 

the response curve? 

(ii) Can a ‘best possible response’ be defined and, if so, how can it be 

achieved? 

(iii) In a particular case, what sets the limit on performance? 
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(iv) What if the desired target is not constant (a moving target) or there are 

external influences outside our control? 

(i) Responses may range across the type of behaviour shown in Figure 3.12. It 

is clear that, for many applications, the nature of the response and the time taken to 

achieve control will be critical, yet these aspects cannot be predicted in the absence of 

quantitative data. 

 

Figure 3.12.  Typical transient responses ranging from highly oscillatory to 

sluggish 

(ii) A ‘best possible response’ is only meaningful in general for problems 

where constraints are present. By definition, these problems do not belong to linear 

control theory. 

Linear control systems can, by definition, use signals of any magnitude to 

produce responses that, in the limit, are instantaneous – such responses are clearly 

unattainable in practice and will be prevented by (unmodelled) constraints or 

(unmodelled) noise entering the argument. That is to say, either noise or non-linearity 

will eventually set limits to attainable performance. The difficulty is overcome in 

practice as follows. A required response that is realistic for the application but that is 

not expected to violate constraints is aimed for. If this rather empirical approach 

shows that constraints would be violated, the problem has to be altered. In an 

engineering application, more powerful motors, stronger practical components or 

additional amplifier stages may be needed. 

The valuable point emerges: The limits of control performance are the 

constraints within the system; and these are not at all represented in linear control 

theory. 
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We have now reached the stage where ‘imported detail’ begins to crowd in on 

us, attempting to force us away from principles into a discussion of technique. At this 

point we are content to say that, even under conditions of moving targets, external 

influences and other factors yet to be discussed, viable feedback control systems can 

usually be designed and implemented. 

General conditions for the success of feedback control strategies 

By the nature of feedback control, corrective action can only begin once an 

error has been detected. Therefore, close control will only be possible in those cases 

where the rate of corrective action can at least match the rate of disturbance 

generation. This idea, of course, soon leads to requests for high bandwidth of control 

loops to allow, in one way of looking at it, the control loop to successfully synthesise 

a signal equal and opposite to the disturbance signal (Figure 3.13). 

 

 

Figure 3.13.  An (ideal) feedback controller will synthesise an equal and 

opposite signal to neutralise the effect of an incoming disturbance 

 

In many cases, it is not possible to design a closed loop with a high enough 

bandwidth, and then feedback control has to be abandoned or relegated to a 

secondary role. 

Контрольні питання 

1. Which are fundamental concepts of feedback control? 

2. List general conditions for the success of feedback control strategies 

Література: [8, 156–201; 9, с. 158–211]. 
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Практичні заняття № 25–27  

Тема 9 Frequency Response Control. Comparing and contrasting 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів з зазначеної теми. 

Короткі теоретичні відомості 

Comparing and contrasting 

1. Comparing features which are similar: 

 Both cameras have lenses. 

 Like the conventional camera, the digital camera has a viewfinder. 

2. Contrasting features which are different: 

 The conventional camera requires chemical processing whereas the digital 

camera does not. 

 The conventional camera uses film unlike the digital camera. 

 With a digital camera you can transfer images directly to a PC but with a 

conventional camera you need to use a scanner. 

 With digital cameras you can delete unsatisfactory images; however, with 

conventional cameras you cannot. 
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Types of Comparisons 

 

as ... (positive degree) ... as 

not so as ... (positive degree) ... as 

such a(n)  ... as 

 

 

twice (three times etc., half) as …(positive 

degree)... as 

the same as 

 

look, sound, smell, taste + like 

 

less (more) ... (positive degree)... than  

the least (most) ... (positive degree)... of/in 

 

 

the + comparative .... the + comparative 

 

prefer + -ing form or noun + to + -ing 

form or noun (general preference) 

 

 

 

His bands were as cold as ice. 

It is not so as cold as it was yesterday. 

This is not such an interesting book as his last 

one. 

 

Their house is twice as big as ours. His car 

cost half as much as mine. 

Your jacket is the same as the one I bought last 

month. 

She looks like an angel 

 

The green sofa is less expensive than the black 

one, but the blue one is the least expensive of 

all.  

 

The sooner you start, the sooner you'll finish. 

The richer you are. the more friends you have. 

 

I prefer watching TV to going out. I prefer 

lemonade to cola. 

 

Завдання до теми 

Design using frequency response methods: initial explanation 

Frequency response methods have a distinguished history with Harold Nyquist 

(1932) and Hendrik Bode (1945) being credited with early fundamental work that 

remains relevant. 

Control design in the frequency domain involves the following basic ideas: 

(i) The performance of a system H that is to be synthesised may be 

approximately characterised by its bandwidth, i.e. by the range of frequencies to 

which it will respond. 

(ii) The bandwidth of any process G that is to be controlled may be measured 

experimentally or calculated analytically by straightforward means. 

(iii) The necessary frequency characteristics of a controller D may be 

determined graphically from information on G and H, such that the performance in (i) 

is obtained. 
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(iv) Sufficient stability of the resulting control loop is easily taken care of as 

part of the design method. 

Frequency response of a linear system 

A linear dynamic system consists mathematically of the following (repeated) 

operations: multiplication by a constant, differentiation, integration and summation. 

 

Figure 5.1.  A linear system consisting of a gain and integrator 

By the frequency response of a system we mean a table or graph showing the 

output amplitude and phase difference as a function of frequency when a sinusoid of 

unit amplitude is applied to the system (it being assumed that all transient effects 

have died away before output measurements are taken). 

The Bode diagram 

The Bode diagram allows frequency response information to be displayed 

graphically. The diagram (Figure 5.2) consists of two plots, magnitude and phase 

angle, both against frequency on the horizontal axis. 

Frequency response and stability: an important idea 

If, for some particular frequency ω, the block G has unity gain and –180° phase 

shift, then the closed loop system shown in Figure 5.3 will be in continuous 

oscillation at frequency ω. 

 

Figure 5.2. The form of a Bode diagram 
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Figure 5.3. A block of transfer function G with unity feedback 

 

Explanation: A sinusoid of frequency ω, once input to the block G, will be 

subjected to two phase shifts of 180° (one at G and one at the comparator 

(multiplication by -1 and phase-shifting by 180° having the same effect on a 

continuous sinusoid)) and will pass repeatedly around the loop without attenuation, 

since the loop gain at frequency ω is unity. 

In practice, special log-linear axes are used for Bode diagrams with frequency 

on a logarithmic scale and magnitude not plotted directly but only after conversion to 

decibels (dB). Under these special circumstances, the Bode plots for magnitude for 

most simple transfer functions can be approximated by straight line segments. 

In the logarithmic domain, products of transfer functions are replaced by 

summations of individual logarithmic approximations. Hence, the Bode diagram 

magnitude characteristic for a moderately complex transfer function can easily be 

produced by summing a few straight line approximations. 

The Bode diagram’s popularity derives from the ease with which it may be 

sketched, starting from a transfer function; the ease with which it may be obtained 

by plotting experimental results; and from its usefulness as a design tool. 

Implication: For stability of the closed loop system shown in Figure 5.3, at that 

frequency where the phase shift produced by G is –180°, the loop gain must be less 

than unity. Notice that the stability of the complete closed loop is being inferred from 

frequency response information referring to the block G alone. 

Simple example of the use of the foregoing idea in feedback loop design 

Block G of Figure 5.4(a) has the frequency response shown graphically in 

Figure 5.4(b). Choose the largest numerical value for the gain C, consistent with 

stability of the loop of Figure 5.4(c). 
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Figure 5.4. (a) A block of transfer function G; (b) the frequency response of G; 

(c) the gain C in the loop is to be set to the highest possible value, consistent with 

stability of the loop 

 

At the frequency where the phase shift of block G is –180°, the gain of G is 

0.5, i.e. G multiplies sinusoids by a factor of 0.5 at that frequency. Thus, it is clear 

that the gain C could be set to C = 2 to bring the system to the stability limit. (The 

gain C affects only amplitude – it has no effect on the phase shift curve.) 

Practical point: the need for stability margins 

The gain C cannot in practice be set to the stability limit – rather C must be set 

so that a stability margin is observed. This ensures that, even allowing for the 

inevitable variations in all real systems, stability will still be obtained. Further, the 

type of response to inputs other than sinusoids will then not be too oscillatory, as 

would be the case were the loop gain set at the stability limit. 

General idea of control design using frequency response methods 

Control design in the frequency domain is quite a specialist subject, requiring 

considerable experience and detailed knowledge. However, in principle, what is 

involved is, in addition to the original process, a compensator D and, as before, a gain 

C, to be chosen (Figure 5.5). 
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Figure 5.5. (a) A compensator D in series with a gain C; (b) the combination of 

(a) in position to control the process G 

 

Treating GD as a pseudo-process, the choice of gain is made exactly as before. 

By suitable choice of the compensator D, systems satisfying particular specifications 

can be built up. In particular, systems with a flat frequency response up to a given 

frequency may be specified. Alternatively, undesirable resonance peaks in the 

frequency response for G may be cancelled out by proper choice of D. 

Suppose that G is an existing process, like an electromechanical rotating device 

whose position is to be controlled. 

D is a controller, to be designed, which can contain frequency-sensitive 

elements. 

C is, as before, a simple numerical gain. 

The problem: Design D and choose C to obtain a closed loop system having 

high bandwidth. The frequency response of the block G is supposedly known (it has 

been measured or calculated). 

Procedure: Design D so that G and D, taken together, have a phase 

characteristic that reaches –180° at a much higher frequency than was the case for G 

alone, then choose the gain C so that the necessary stability margin is obtained. 

In principle: A controller (or compensator) D is being used to modify the phase 

characteristics of G in such a way that a high gain C can be used without incurring 

stability problems. Such a high loop gain brings the high loop bandwidth desired by 

the designer. 
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Obtaining the frequency response of a system experimentally 

A frequency response analyser makes the work easy since this device generates 

the necessary sinusoids, measures the responses and produces digital displays and 

plots 

of amplitudes and phase angles. 

The analyser injects a pure sinusoid (actually, in commercial analysers, both 

sine and cosine waves are usually injected simultaneously for noise cancellation 

purposes) at one particular frequency ω within this range for an integral number of 

cycles N, meaning that the test at this frequency ω must last for T seconds, where T = 

Nπ/ω seconds and N is an integer. 

Let the input to the system be (u = a sin(ωt)), then under the assumptions of 

linearity implied in this test, the output of the system being tested must be (y=b sin 

(ωt + ϕ)). Averaging over a sufficient number of cycles to yield reliable results, the 

analyser produces estimates of b/a = |G( jω)|, which is the system gain at frequency 

ω, and ϕ = ∟G(jω), which is the phase angle between input and output at frequency 

ω; (b/a; ϕ) is just one point on the frequency response diagram but the analyser 

sweeps automatically over the selected frequency range to produce a complete data 

set. 

Note: It can be shown that averaging over a large integral number of cycles 

significantly reduces the effects of noise and non-linearity, which in the long term do 

not correlate with the pure sine wave input.  

Obtaining the frequency response of a system experimentally: some practical 

difficulties 

Even the very simplest of systems can prove surprisingly difficult to identify in 

practice. That is just one of several reasons for the much-discussed gap between the 

promises of theory and the achievements of practice – if a meaningful model can’t be 

obtained, a meaningful control design is necessarily difficult to produce. 

Some of the difficulties frequently encountered in practice are as follows: 

● It often proves quite a challenge to connect the sinusoidal stimulus signal u(t) 
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from the analyser to the system to be identified. Few real processes have a pair of 

convenient terminals that allow this; many industrial interfaces use markspace 

chopping of power to avoid the cost of continuously variable power amplifiers; 

unwieldy devices need to be rigged up to produce linearly reciprocating sine waves to 

excite some types of mechanical systems. 

● Industrial processes are often already operating in ‘some sort of closed loop 

arrangement’ and it is not possible to isolate such processes for testing. 

● The product is often a key part of the process that is to be tested. Industrial 

processes, in many cases, cannot be considered to exist separately from the product 

being produced – managers may not take kindly to sinusoidal variations being 

induced into the products. 

● Testing takes a very long time if low frequencies are involved. This applies 

particularly to large processes that tend to operate in the low-frequency end of the 

spectrum. 

● Electromechanical systems tend to move in a series of jerks when confronted 

with very low frequency signals. They tend to move erratically, giving inconsistent 

results, for high frequencies. Both effects can be attributed to the presence of non-

linearities. Usually stiction is the cause of the low-frequency jerking phenomenon, 

whereas backlash in mechanisms is the source of most high-frequency erratic 

behaviour. (At high frequencies, attenuation is severe, drive signals are of small 

amplitude and backlash becomes significant.) 

● Systems whose output has a non-zero mean level (especially a mean level 

that 

follows a long-term large amplitude ramp) are very difficult to deal with. 

This daunting list should not be taken to imply that frequency response testing 

can never be applied successfully in practice! However, it is true that only a 

somewhat limited class of processes can be successfully tested. Many of these are in 

the aerospace field. For industrial processes, other approaches are often used. 
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Design based on knowledge of the response of a system to a unit step input 

When an input signal of the form shown in Figure 5.4(a) is applied to a system, 

the resulting response is called the unit step response of the system (Figure 5.6). It can 

be shown that all the information contained in a system’s frequency response is also 

contained in the system’s step response. However, the following points should be 

noticed: 

(i) The step response of a process is very much easier to obtain than the 

frequency response (in some cases just switch it on!). Even industrial processes on 

which experimentation is forbidden can be persuaded to yield step response 

information. 

 

Figure 5.6. (a) The input to a system; (b) the output of the system in response 

to the input (a) is called the unit step response of the system 

 

(ii) No very attractive design methods exist that use the step response as their 

input. However, the semi-empirical Ziegler–Nichols methods (one of which is based 

around an experimentally obtained step response) exist to allow the rapid tuning of 

coefficients in three-term controllers. Three-term controllers are the highly successful 

no-nonsense limited-ability devices that actually control a very high percentage of 

real industrial processes.  

(iii) Computer packages can very easily transform a system’s step response 

into an equivalent frequency response. Thus, the easy-to-obtain step response can 

serve as an input to frequency-response-based design approaches. However, if such 
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an approach is used, it is recommended to obtain several step responses 

corresponding to different input amplitude changes and to repeat these, starting from 

different levels, for negative going as well as for positive going input steps to ensure 

that asymmetry and non-linearity are discovered so that, if severe, these effects may 

be compensated for. 

(iv) Many attractive published methods of system identification turn out to be 

inapplicable to real industrial situations because they require the process to be 

available for experimentation or they neglect other significant realities. 

This means that step responses, which can almost always be obtained even 

during normal process operation, will often be the only experimental data available to 

the modeller. A common sense approach would therefore be to approximate nothing 

and to search for that process model (or set of models) which gives the best time-

domain fit to actual unsmoothed recorded step responses from the process.  

Контрольні питання 

1. Which are fundamental concepts of frequency response control? 

2. Which techniques are applied for frequency response control? 

Література: [8, 156–201; 9, с. 158–211]. 

 

Практичні заняття № 28–30 

Тема 10 Non-Linear Systems. Modals 

Мета: ознайомити студентів з лексикою та теоретичними відомостями, 

закріпити знання студентів із зазначеної теми. 

Короткі теоретичні відомості 

Modals 

Here's a list of the modal verbs in English: 

can could may might will 

would must shall should ought to 

 

http://www.perfect-english-grammar.com/would.html
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Modals are different from normal verbs: 

1: They don't use an 's' for the third person singular. 

2: They make questions by inversion ('she can go' becomes 'can she go?'). 

3: They are followed directly by the infinitive of another verb (without 'to'). 

Probability 

First, they can be used when we want to say how sure we are that something 

happened / is happening / will happen. We often call these 'modals of deduction' or 

'speculation' or 'certainty' or 'probability'. 

For example: 

It's snowing, so it must be very cold outside. 

I don't know where John is. He could have missed the train. 

This bill can't be right. £200 for two cups of coffee! 

Ability 

We use 'can' and 'could' to talk about a skill or ability. 

For example: 

She can speak six languages. 

My grandfather could play golf very well. 

I can't drive. 

Obligation and Advice 

We can use verbs such as 'must' or 'should' to say when something is necessary or 

unnecessary, or to give advice. 

For example: 

Children must do their homework. 

We have to wear a uniform at work. 

You should stop smoking. 

Permission 

We can use verbs such as 'can', 'could' and 'may' to ask for and give permission. We 

also use modal verbs to say something is not allowed. 

For example: 

Could I leave early today, please? 
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You may not use the car tonight. 

Can we swim in the lake? 

Habits 

We can use 'will' and 'would' to talk about habits or things we usually do, or did in the 

past.  

For example: 

When I lived in Italy, we would often eat in the restaurant next to my flat. 

John will always be late! 

Завдання до теми 

What is meant by non-linearity 

In the linear world, the relation between cause and effect is constant and the 

relation is quite independent of magnitude. For instance, if a force of 1 N, applied to a 

mass m, causes the mass to accelerate at a rate a, then according to a linear model, a 

force of 100 N, applied to the same mass, will produce an acceleration of 100a. 

Strictly, a linear function f must satisfy the following two conditions, where it 

is assumed that the function operates on inputs u1(t), u2(t), u1(t) + u2(t), αu(t), where α 

is a scalar multiplier. 

 

Any system whose input/output characteristic does not satisfy the above conditions is 

classified as a non-linear system. 

Thus, there is no unifying feature present in non-linear systems except the absence of 

linearity. Non-linear systems sometimes may not be capable of analytic description; 

they may be sometimes discontinuous or they may contain well-understood smooth 

mathematical functions. 

The following statements are broadly true for non-linear systems: 

(i) Matrix and vector methods, transform methods, block-diagram algebra, frequency 

response methods, poles and zeros and root loci are all inapplicable. 

(ii) Available methods of analysis are concerned almost entirely with providing 

limited stability information. 
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(iii) System design/synthesis methods scarcely exist. 

(iv) Numerical simulation of non-linear systems may yield results that are misleading 

or at least difficult to interpret. This is because, in general, the behavior of a non-

linear system is structurally different in different regions of state space (where state 

space X is defined for a non-linear system according to the equation 

 

where the n-dimensional state vector x can be visualised as being made available for 

control purposes by a non-linear observer with inputs u and y and with output x
^
, 

where as usual the superscript indicates an estimated value). 

Thus, the same system may be locally stable, unstable, heavily damped or 

oscillatory, according to the operating region in which it is tested. For a linear system, 

local and global behaviour are identical within a scaling factor – they are 

topologically the same. For a non-linear system, it is generally meaningless to speak 

of global behaviour. 

Very loosely, we can organise our thinking about non-linearity in real-world 

systems with the aid of Figure 7.1. We comment as follows: 

(a) very few real-world systems are strictly linear; 

(b) a large class of systems can be regarded as approximately linear; 

(c) a strongly non-linear class exists, but such systems may often be linearised; 

(d) a class whose non-linearity is its most important characteristic exists and 

needs special consideration. 

Linear methods will normally be applied to class (b) without any discussion. 
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Figure 7.1.  A loose classification of systems in terms of linearity/non-linearity 

 

Systems in class (c) will often be linearised to allow certain types of controller 

synthesis to be carried out. Checks by numerical simulation of the complete 

unapproximated system plus controller will then be used to determine whether the 

designs (based on linearised approximation) will be sufficiently valid in practice over 

a choice of envisaged operating conditions. 

Systems in class (d) have their behaviour dominated by non-linearity. Such 

systems include: 

(i) Stable oscillators: Governed by continuous non-linear differential equations such 

as the van der Pol equation. This type of equation exhibits, for the right choice of 

parameters, limit cycle behaviour. This stable oscillatory behaviour, essentially non-

linear in its origins, is very interesting and has been much studied. 

(ii) Relay and switched systems: The systems appear deceptively simple, but, because 

of the discontinuous non-linearity, special techniques of analysis are required. 

Because switched systems are both cheap and high performing, they are frequently 

applied in industry, even in situations for which they are not too well suited. 

(iii) A variety of systems exhibiting jump resonance, stick-slip motion, backlash and 

hysteresis: All of these phenomena can be present as insidious and persistent 

degraders of performance of control loops. 

Approaches to the analysis of non-linear systems 

As discussed in (ii) above, available methods of analysis are concerned almost 

entirely with providing stability information. 

Lyapunov’s second or direct method 
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This is the only approach that involves no approximation. However, the information 

produced by application of the method is of limited value for routine system design. 

For instance, with the aid of the method, a control loop of guaranteed stability may be 

synthesised. This means that the designed system, if perturbed, will return to 

equilibrium – maybe in one second, may be in ten-thousand seconds or more. 

Information on actual performance is totally lacking. 

Lyapunov’s first method 

A beautiful method that depends on local linearisation. It is summarised later in this 

chapter. Again, the method has little or no design applicability. 

Describing function method  

This is a linearisation method in which sinusoidal analysis proceeds by the expedient 

of neglecting harmonics generated by the non-linearities. Thus, the approximation 

consists in working only with the fundamental of any waveform generated. 

The describing function method can be a powerful design tool for a very restricted 

class of problems. 

Sector bound methods 

A non-linear function f may be contained within two straight line boundaries. Each of 

these boundaries is a linear function (Figure 7.2). Envelope methods (a description 

that is by no means universal) are based on the idea of ensuring system stability in the 

presence of any and every function that can reside in the envelope. Clearly, the 

stability results obtained by envelope methods will be sufficient, but not necessary, 

conditions, since the worst case within the envelope has to be allowed for. Envelope 

methods are made more interesting by the existence of two famous conjectures. 

These are as follows: 

Aizerman’s conjecture: Roughly states, let S be a system containing a nonlinearity 

that can be contained within the linear envelope (Figure 7.2). If, when the non-

linearity is replaced by any linear function within the sector as visualised in Figure 

7.2, the resulting loop is stable, then the system S is itself stable. Aizerman’s 

conjecture is false, as may be shown by counter-example. 
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Kalman’s conjecture: Roughly states, if a system satisfies Aizerman’s conjecture, 

together with additional reassuring constraints on derivatives, the system S will be 

stable. Kalman’s conjecture is also false, as shown by counter-example. 

It is interesting to speculate on the reasons for the failure of the two conjectures. The 

easiest line of reasoning, although not necessarily correct, is that harmonics present in 

the sinusoidal response of the non-linear system have no counterpart in the linear 

systems that represent the bounds of the approximating sector. 

 

Figure 7.2.  A linear envelope that bounds a class of (memoryless) non-

linearities 

 

The describing function method for analysis of control loops containing non-

linearities 

This method is specifically applicable to a closed loop containing dynamic 

nonlinearities that can be decomposed into a non-linear, non-dynamic block of gain 

N(a) followed by a linear dynamic block of transfer function G(s) (Figure 7.3). The 

notation N(a) emphasises that N is an amplitude-dependent gain. 

As a simple illustration of the nature of N(a), consider a non-linearity that on 

receiving a constant input a produces a constant output a2. We can see that gain, 

defined as 
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Referring to Figure 7.4, we shall assume for linearisation purposes that the output of 

the block in Figure 7.4(a) is to be approximated as closely as possible by the output 

of the block in Figure 7.4(b). 

For purposes of illustrating the approach of the describing function, we consider a 

non-linearity f that does not induce a non-zero mean level or cause a phase shift in 

response to a sinusoidal input. In such a case, the bracketed terms in the output of the 

block in Figure 7.4(b) disappear and we are left to find the k that causes best 

agreement between the terms f(a sin ωt) and ka sin ωt. We define the error between 

these terms as e(t) and then proceed to choose k to minimise the integral of squared 

error. 

 

Figure 7.3. The loop containing a linear dynamic system and a non-linear 

nondynamic system that is analysed by the describing function method 

 

 

Figure 7.4. (a) A non-linear element; (b) a linear approximation to the non-

linear element in (a) 

This approach is considered more satisfying than the usual approach of simply 

neglecting harmonic terms in a Fourier expansion, although the two approaches lead 

to the same result. 

Architecture of Industrial Automation Systems 

The Functional Elements of Industrial Automation  
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An Industrial Automation System consists of numerous elements that perform a 

variety of functions related to Instrumentation, Control, Supervision and Operations 

Management related to the industrial process. These elements may also communicate 

with one another to exchange information necessary for overall coordination and 

optimized operation of the plant/factory/process. Below, we classify the major 

functional elements typically found in IA systems and also describe the nature of 

technologies that are employed to realize the functions.  

Sensing and Actuation Elements  

These elements interface directly and physically to the process equipment and 

machines. The sensing elements translate the physical process signals such as 

temperature, pressure or displacement to convenient electrical or pneumatic forms of 

information, so that these signals can be used for analysis, decisions and finally, 

computation of control inputs. These computed control inputs, which again are in 

convenient electrical or pneumatic forms of information, need to be converted to 

physical process inputs such as, heat, force or flow-rate, before they can be applied to 

effect the desired changes in the process outputs. Such physical control inputs are 

provided by the actuation elements.  

Industrial Sensors and Instrument Systems  

Scientific and engineering sensors and instrument systems of a spectacular variety of 

size, weight, cost, complexity and technology are used in the modern industry. 

However, a close look would reveal that all of them are composed of a set of typical 

functional elements connected in a specified way to provide signal in a form 

necessary. The various tasks involved in the automation systems. Fig 2.1 below 

shows the configuration of a typical sensor system. 
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In Fig. 2.1 a sensor system is shown decomposed into three of its major functional 

components, along with the medium in which the measurement takes place. These are 

described below. 

A. The physical medium refers to the object where a physical phenomenon is taking 

place and we are interested in the measurement of some physical variable 

associated with the phenomenon. Thus, for example, the physical medium may 

stand for the hotga in a furnace in the case of temperature measurement or the 

fluid in a pipe section in the case of measurement of liquid flow rate.  

B. The sensing element is affected by the phenomenon in the physical medium either 

through direct or physical contact or through indirect interaction of the 

phenomenon in the medium with some component of the sensing element. Again, 

considering the case of temperature measurement, one may use a thermocouple 

probe as the sensing element that often comes in physical contact with the hot 

object such as the flue gas out of a boiler-furnace or an optical pyrometer which 

compares the brightness of a hot body in the furnace with that of a lamp from a 

distance through some window and does not come in direct contact with the 

furnace. In the more common case where the sensing element comes in contact 

with the medium, often some physical or chemical property of the sensor changes 

in response to the measurement variable. This change then becomes a measure of 

the physical variable of interest. A typical example is the change in resistivity due 

to heat in a resistance thermometer wire. Alternatively, in some other sensors a 

signal is directly generated in the sensing element, as is the case of a 

thermocouple that generates a voltage in response to a difference in temperature 

between its two ends.  

C. The signal-conditioning element serves the function of altering the nature of the 

signal generated by the sensing element. Since the method of converting the 

nature of the signal generated in the sensor to another suitable signal form 

(usually electrical) depends essentially on the sensor, individual signal 

conditioning modules are characteristic of a group of sensing elements. As an 

example consider a resistance Temperature Detector (RTD) whose output 
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response is a change in its resistance due to change in temperature of its 

environment. This change in resistance can easily be converted to a voltage signal 

by incorporating the RTD in one arm of a Wheatstone's bridge. The bridge 

therefore serves as a signal-conditioning module. Signal conditioning modules are 

also used for special purpose functions relating to specific sensors but not related 

to variable conversion such as `ambient referencing' of thermocouples. These 

typically involve analog electronic circuits that finally produce electrical signals 

in the form of voltage or current in specific ranges.  

D. The signal processing element is used to process the signal generated by the first 

stage for a variety of purposes such as, filtering (to remove noise), diagnostics (to 

assess the health of the sensor), linearisation (to obtain an output which is linearly 

related with the physical measurand etc. Signal processing systems are therefore 

usually more general purpose in nature.  

E. The target signal-handling element may perform a variety of functions depending 

on the target application. It may therefore contain data/signal display modules, 

recording or/storage modules, or simply a feedback to a process control system. 

Examples include a temperature chart recorder, an instrumentation tape recorder, 

a digital display or an Analog to Digital Converter (ADC) followed by an 

interface to a process control computer.  

While the above description fits in most cases, it may be possible to discover some 

variations in some cases. The above separation into subsystems is not only from a 

functional point of view, more often than not, these subsystems are clearly 

distinguishable physically in a measurement system.  

Modern sensors often have the additional capability of digital communication using 

serial, parallel or network communication protocols. Such sensors are called “smart” 

and contain embedded digital electronic processing systems. 

Industrial Actuator Systems  

Actuation systems convert the input signals computed by the control systems into 

forms that can be applied to the actual process and would produce the desired 

variations in the process physical variables. In the same way as in sensors but in a 



 50 

reverse sense, these systems convert the controller output, which is essentially 

information without the power, and in the form of electrical voltages (or at times 

pneumatic pressure) in two ways. Firstly it converts the form of the variable into the 

appropriate physical variable, such as torque, heat or flow. Secondly it amplifies the 

energy level of the signal manifold to be able to causes changes in the process 

variables. Thus, while both sensors and actuators cause variable conversions, 

actuators are high power devices while sensors are not. It turns out that in most cases, 

actuators are devices that first produce motion from electrical signal, which is then 

further converted to other forms. Based on the above requirement of energy and 

variable conversion most actuation systems are structured as shown in Fig. 2.2. 

 
 

In Fig.2.2 an actuator system is shown decomposed into its major functional 

components. The salient points about the structure are described below.  

A. The electronic signal-processing element accepts the command from the control 

system in electrical form. The command is processed in various ways. For example 

it may be filtered to avoid applying input signals of certain frequencies that may 

cause resonance. Many actuators are themselves closed feedback controlled units 

for precision of the actuation operation. Therefore the electronic signal-processing 

unit often contains the control system for the actuator itself.  

B. The electronic power amplification element sometimes contains linear power 

amplification stages called servo-amplifiers. In other cases, it may comprise power 

electronic drive circuits such as for motor driven actuators.  

C. The variable conversion element serves the function of altering the nature of the 

signal generated by the electronic power amplification element from electrical to 

non-electrical form, generally in the form of motion. Examples include 
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electrohydraulic servo valve, stepper/servo motors, Current to Pneumatic Pressure 

converters etc.  

D. The non-electrical power conversion elements are used to amplify power further, 

if necessary, typically using hydraulic or pneumatic mechanisms.  

E. The non-electrical variable conversion elements may be used further to tranform 

the actuated variable in desired forms, often in several stages. Typical examples 

include motion-to-flow rate conversion in flow-valves, rotary to linear motion 

converters using mechanisms, flow-rate to heat conversion using steam or other 

hot fluids etc.  

F. Other Miscellaneous Elements such as Auxiliaries for 

Lubrication/Cooling/Filtering, Reservoirs, Prime Movers etc., sensors for 

feedback, components for display, remote operations, as well as safety mechanisms 

since the power handling level is significantly high.  

Контрольні питання 

1. What is non-linearity? 

2. Describe a structure of an actuation system.  

Література: [8, 156–201; 9, с. 158–211]. 
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3 КРИТЕРІЇ ОЦІНЮВАННЯ ЗНАНЬ СТУДЕНТІВ 

 

Об’єктивне оцінювання знань студентів у межах кредитно-модульної 

системи в умовах упровадження ідей Болонського процесу має сприяти 

підвищенню якості підготовки та конкурентоспроможності фахівців, стимулювати 

самостійну та систематичну роботу студента протягом навчального семестру. 

Досягається така об’єктивність запровадженням відповідних критеріїв 

оцінювання, тобто системи вимог до рівня знань і вмінь студента, які він повинен 

продемонструвати для підтвердження набутих ним компетенції за 100-бальною 

шкалою (100 %). 

 Модуль 2 

Види занять Змістовий модуль 2 

Т6 Т7 Т8 Т9 Т10 бали 

Практичні заняття 6 6 6 6 6 30 

Самостійна робота 6 6 6 6 6 30 

Поточн. контр.:  тест 5 5 10 

Індивідуальний проект 15 15 

Ін. види поточн. контр. 5 5 

Усього:  100 

 

Примітка: Т6 ... Т10 – теми. 

Шкала оцінювання: національна та ECTS 

Сума балів за всі 

види навчальної 

діяльності 

Оцінка 

ECTS 

Оцінка за національною шкалою 

для іспиту, курсового 

проекту (роботи), практики 
для заліку 

90–100 А відмінно 

зараховано 

82–89 В 
добре  

74–81 С 

64–73 D 
задовільно  

60–63 Е 

35–59 FX 

незадовільно з 

можливістю повторного 

складання 

не зараховано з 

можливістю повторного 

складання 

0–34 F 

незадовільно з 

обов’язковим повторним 

вивченням дисципліни 

не зараховано з 

обов’язковим повторним 

вивченням дисципліни 
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