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UNIT 1
BASICS OF MECHATRONICS: SECTION 1

LEAD- IN :"M;chanlcal

Electromechanics

1 Look at the pictures which
give a visual representation of
“mechatronics”, then sum up all Mechanical
the definitions of mechatronics
given below and suggest your

own variant of its description. Digksl Contiel
Systems
m”n Computers
simulation /
.- Electronics
softwalé

mechanical
engineering _

=

information
technology

electrical
engineering

e Mechatronics is defined as
the synergistic integration of me-
chanical engineering, with electron-
ics and intelligent computer control in the design and manufacturing
of industrial products and processes.

e Mechatronics is the application of complex decision making to the
operation of physical systems.
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e Mechatronics is a methodology used for the optimal design of
electromechanical products.

e A mechatronic system is not just a marriage of electrical and me-
chanical systems and is more than just a control system; it is a
complete integration of all of them.

2 Read the introduction to the subject of Mechatronics and fill
the gaps in it with the words from the box.

mechatronics  technologies

natural engineering twentieth
Mechatronics is a (1) stage in the evolutionary pro-
cess of modern (2) design. The development of the
computer, and then the microcomputer, embedded computers, and
associated information (3) and software advances, made
mechatronics an imperative in the latter part of the (4)

century.

Standing at the threshold of the twenty-first century, with ex-
pected advances in integrated bioelectro-mechanical systems, quan-
tum computers, nano- and pico-systems, and other unforeseen devel-
opments, the future of (5) is full of potential and bright
possibilities.

'im) LISTENING

3 Read the following summary of the text about basic defini-
tions of mechatronics, then listen to the recording and for Ques-
tions 1-10, fill in the gaps. Use not more than 3 words in each gap.

The definition of mechatronics |1 | | since the

original definition by the Yasakawa Electric Company. The word,

mechatronics, is composed of “mecha” from |2 |

and the “tronics” from |3 | | The definition

continued to develop but being |4 | |and




informative, all definitions and statements can not capture the totality

of mechatronics. For many practicing engineers on the front line of

5 | | mechatronics is nothing new. Many

engineering products of the last 25 years |6 | |

mechanical, electrical, and computer systems, yet were designed by

engineers that were never formally trained in mechatronics per se.

Being not only a convenient structure for | 7 | |

by academicians; mechatronics is a way of life in modern engineering

practice. The ongoing revolution of information technology, advances

in |8 | | communication, smart sensors design, and
9 | | engineering ensures that the engineering
110 | | will continue to evolve in the early twenty-

first century.
READING

4 You are going to read a text about the basic definitions of
mechatronics. For Statements 1 — 8, choose the correct mark T
(true) or F (false) according to the information given. Correct the
false statements.

Basic Definitions

The definition of mechatronics has evolved since the original def-
inition by the Yasakawa Electric Company. In trademark application
documents, Yasakawa defined mechatronics in this way: The word,
mechatronics, is composed of “mecha” from mechanism and the “tron-
ics” from electronics. In other words, technologies and developed
products will be incorporating electronics more and more into mecha-
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nisms, intimately and organically, and making it impossible to tell
where one ends and the other begins.

The definition of mechatronics continued to evolve after Yasa-
kawa suggested the original definition. Oneoft quoted definition of
mechatronics was presented by Harashima, Tomizuka, and Fukada in
1996. In their words, mechatronics is defined as the synergistic inte-
gration of mechanical engineering, with electronics and intelligent
computer control in the design and manufacturing of industrial prod-
ucts and processes.

That same year, another definition was suggested by Auslander
and Kempf: Mechatronics is the application of complex decision mak-
ing to the operation of physical systems.

Yet another definition due to Shetty and Kolk appeared in 1997:
Mechatronics is a methodology used for the optimal design of elec-
tromechanical products.

More recently, we find the suggestion by W. Bolton: A mechatron-
ic system is not just a marriage of electrical and mechanical systems
and is more than just a control system; it is a complete integration of
all of them.

All of these definitions and statements about mechatronics are
accurate and informative, yet each one in and of itself fails to capture
the totality of mechatronics. Despite continuing efforts to define mech-
atronics, to classify mechatronic products, and to develop a standard
mechatronics curriculum, a consensus opinion on an all-
encompassing description of “what is mechatronics” eludes us. This
lack of consensus is a healthy sign. It says that the field is alive, that it
is a youthful subject. Even without an unarguably definitive description
of mechatronics, engineers understand from the definitions given
above and from their own personal experiences the essence of the
philosophy of mechatronics.

For many practicing engineers on the front line of engineering de-
sign, mechatronics is nothing new. Many engineering products of the
last 25 years integrated mechanical, electrical, and computer systems,
yet were designed by engineers that were never formally trained in
mechatronics per se. It appears that modern concurrent engineering
design practices, now formally viewed as part of the mechatronics
specialty, are natural design processes. What is evident is that the
study of mechatronics provides a mechanism for scholars interested
in understanding and explaining the engineering design process to de-
fine, classify, organize, and integrate many aspects of product design
into a coherent package. As the historical divisions between mechani-
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cal, electrical, aerospace, chemical, civil, and computer engineering
become less clearly defined, we should take comfort in the existence
of mechatronics as a field of study in academia. The mechatronics
specialty provides an educational path, that is, a roadmap, for engi-
neering students studying within the traditional structure of most engi-
neering colleges. Mechatronics is generally recognized worldwide as
a vibrant area of study. Undergraduate and graduate programs in
mechatronic engineering are now offered in many universities. Refer-
eed journals are being published and dedicated conferences are be-
ing organized and are generally highly attended.

It should be understood that mechatronics is not just a convenient
structure for investigative studies by academicians; it is a way of life in
modern engineering practice. The introduction of the microprocessor
in the early 1980s and the ever increasing desired performance to
cost ratio revolutionized the paradigm of engineering design. The
number of new products being developed at the intersection of tradi-
tional disciplines of engineering, computer science, and the natural
sciences is ever increasing. New developments in these traditional
disciplines are being absorbed into mechatronics design at an ever in-
creasing pace. The ongoing information technology revolution, ad-
vances in wireless communication, smart sensors design (enabled by
MEMS technology), and embedded systems engineering ensures that
the engineering design paradigm will continue to evolve in the early
twenty-first century.

1 There is no common understanding of what mechatronics is.

2 Nowadays engineers are used to understanding mechatronics not
taking into account their personal experience but only existing
theory of mechatronics.

3 Engineers have been designing mechanical, electrical and com-
puter systems during 25 years without being trained in the mech-
atronics field.

4 When studying mechatronics, scientists are provided with the
mechanism for creating a coherent package of product design.

5 An educational path of mechatronics specialty is treated as a set
of sophisticated applications for engineering students.

6 Being a new field of studying, mechatronic engineering is not

widespread in educational institutions.

The microprocessors were introduced in the early 1918s.

All state-of-art technologies are being successfully used in the

21% century.
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VOCABULARY AND GRAMMAR

5

1
2

3
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Here are the basic terms of Unit 1 on the left. Match them
with their definitions on the right.

mechatronics
mechatronics
system
mechatronics
products
mechatronics
design
mechatronics
study process
synergistic
integration
DSP

actuator
microcontroller

0O sensor

A

B

an engineering practice for design of prod-
ucts based on the mechatronics principles
the synergistic integration of mechanical en-
gineering, with electronics and intelligent
computer control

a complete integration of control, electrical,
and mechanical systems

a mechanism for understanding and explain-
ing the engineering design process to define,
classify, organize, and integrate many as-
pects of product design

the results of the mechatronics principles
implementation in the design and manufac-
turing

the effect of the coordinated interaction of
parts of mechatronics system

a device that consists of a microprocessor,
memory and other attached devices

a device which is used in digital control sys-
tems of mechatronics systems alongside
with microcomputers

a device which detects or measures some
condition, indicates, or responds to the in-
formation received

a device which causes realization of mecha-
tronics system functional motion

Passive and Active Voices

There're 2 Voices in English: Passive and Active.

1.

2.

We use an active verb to say what the subject does.

e.g. Charles Babbage invented the computer.

We use a passive verb to say what happens to the subject.
e.g. The computer was invented by Charles Babbage.
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¢ When we use the passive, who or what causes the action is often
unknown or unimportant.
e.g. This information has already been processed.

e The passive is formed with the verb to be in the correct tense and
the past participle of the main verb. Only transitive verbs (verbs
which take an object) can be put into the passive.

to be + past participle (-ed/V3)

e.g. Instructions are processed by the CPU.
The computer was invented by Charles Babbage.

e Present Perfect Continuous, Future Continuous and Past Perfect
Continuous are not normally used in the Passive.

o After the modal verbs (e.g. must, should, can, etc) and will, would
the verb to be isn’t changed. The past participle of the main verb
is also added in this case.

e Use by if you want to mention who does or what causes the action.
e.g. This function can be performed by a PC.

These functions will be performed by a PC.

e In passive questions with who, whom or which we do not omit “by”.

e e.g. Who was the database made by?

e If a verb is followed by a preposition or is a phrasal verb (make
off, take down, etc.), in the passive the preposition is placed im-
mediately after the verb.

e.g. What is this spreadsheet made off?
| think this array should be taken down.

Tense Form Active voice Passive voice
The mechatronics special- | An educational path is
Present Simple ty provides an education- |provided by the mecha-
al path. tronics specialty.

All state-of-art technolo-
gies are being success-
fully used in the 21% cen-
tury.

In the 21°! century people
successfully use all state-
of-art technologies.

Present
Continuous

Electrohydraulics has
been widely used in aer-
ospace, industrial, and
mobile fluid power sys-

People widely use elec-
trohydraulics in aero-
space, industrial, and mo-
bile fluid power systems.

Present Perfect

tems.
They introduced micro- | The microprocessors
Past Simple processors in the early were introduced in the
1918s early 1918s
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Tense Form

Active voice

Passive voice

Past Continuous

Specialists were making
the definition if mechatron-
ics during several years.

The definition of mecha-
tronics was being made
during several years.

Past Perfect

Engineers had designed
integrated mechanical,
electrical, and computer
systems before they were
formally trained in mecha-
tronics.

Integrated mechanical,
electrical, and computer
systems had been de-
signed by engineers be-
fore they were formally
trained in mechatronics.

Future Simple

We will describe Induc-
tors in the same notation.

Inductors will be de-
scribed in the same nota-
tion.

Future Perfect

They will master most en-
gineering students at least
one tool before obtaining a
bachelor’s degree.

Most engineering students
will have mastered at least
one tool before obtaining a
bachelor’s degree.

6

1

7

Open the brackets in the following sentences and put the
verb in the correct passive form.

In Europe and Russia, between seventeenth and nineteenth cen-

turies, many important devices

(invent) that would

eventually contribute to mechatronics.

The first

historical

feedback system claimed by Russia
(develop) by Polzunov in 1765.

This is an example of a feedback control system where the feed-
back signal and the control actuation
ly/couple) in the mechanical hardware.

During the same time period, control theory

(complete-

(al-

so/develop) in Russia and Eastern Europe.
The term mechatronics

(introduce) by Yasakawa

Electric in 1969 to represent such systems and the inventor
(grant) a trademark in 1972.

Read the text below. Some lines contain a mistake. If there is

a mistake in the line, write it out in your paper and correct. If the
line is correct, write 'OK'. There is an example at the beginning.

Example:
0 ok
00 are

0 Mechatronics as a science is a comparatively new

10 |ok
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00 branch. In the name itself two separate notions are

include. They are “mecha” from mechanism and

“tronics” from electronics. Now Mechatronics

studied as a subject in Higher Schools of some

countries. In spite of the fact that there is no

common definition of the term Mechatronics, it is

accept to treat it as integration of electrical,

mechanical and control systems. Today from

©ONOOR WD~

different recourses it knows that Mechatronics

9. are rooted in Greece from 300 to 1 B.C.

O N WN—~ O

10.Nowadays it is not climax of Mechatronics 10

11.evolution, even the nearest future will filled with 11

12.new advances and advent of smarter information | 12

13.technology products. 13

&SPEAKING

8 The figure below represents key elements of mechatronics.
Study it and comment on these aspects.

Sensors and Actuators

Signals and Systems

Software and
Data Acquisition

Computers and
Logic Systems

9 You are given 5 situations. Choose one of them and make a
plan for its oral presentation, then make a report. Let it be of not
less than 160 — 200 words.

1 You are a lecturer, who is teaching Mechatronics subject at Uni-
versity. Tell your students about Yasawaka Electronics Company
and its place in Mechatronics studying.

12



What should be observed speaking about Basics of Mechatron-
ics? Tell about it in details.

You are a student of Computer Science Faculty. Your home task
was to find information about main points in Mechatronics History.
Present your task now.

You are to prepare report devoted to Mechatronics sphere. Your
particular area is History of Mechatronics. Take one of its stages
(in you case it is classification of mechatronic products into 4 cat-
egories by the Japan Society for the Promotion of Machine Indus-
try.) and tell about it, observing thoroughly every category.

Introductory Mechatronic Course is being studied in educational
institutions in different countries today. Tell about its role in pro-
cess of education, taking into consideration material given earlier
and express your attitude to it from the point of view of its utility.

Basics of Mechatronics: Section 2

READING
10 You are going to read a text about the historical perspectives
of mechatronics. Say what you know about its history.

11 Now read the text and answer the questions below.

1
2

3
4
)

What does synergistic integration mean?

What were the roles of cam, linkages, and chain drives for the in-
vention of new products in 1950s?

When was the first Russian feedback system developed?

What is the role of flyball governor in Watt’s steam-engine?

What were the reasons of using feedback control system devel-
opment in the USA during 1940s?

What is the difference between classes of the JSPMI mechatron-
ics products classification?

Why achievements of electronic industry exerted big influence on
mechatronics products implementation?

In your opinion, what factors promoted intensive development of
control systems at 1950s?

What is the importance of mathematical theory of regulators for-
mulated by Vyshnegradskii?

10 What was the role of Nikola Tesla invention in the late 1880s?

13



Historical Perspectives

Measured Boiler Early applications of
8 speed automatic control systems
+ Steam . y
appeared in Greece from
300 to 1 B.C. with the de-
velopment of float regulator
mechanisms.

In Europe and Russia,
between seventeenth and
nineteenth centuries, many
important devices were in-
vented that would eventually
contribute to mechatronics.

Cornelis Drebbel
(1572-1633) of Holland de-
vised the temperature regulator representing one of the first feedback
systems of that era. The first mechanical calculating machine was in-
vented by Pascal in 1642. The first historical feedback system
claimed by Russia was developed by Polzunov in 1765.

Further evolution in automation was enabled by advancements in
control theory traced back to the Watt flyball governor of 1769. The
flyball governor was used to control the speed of a steam engine. This
is an example of a feedback control system where the feedback
signal and the control actuation are completely coupled in the me-
chanical hardware. These early successful automation developments
were achieved through intuition, application of practical skills, and
persistence. The next step in the evolution of automation required a
theory of automatic control. The precursor to the numerically con-
trolled (NC) machines for automated manufacturing (to be developed
in the 1950s and 60s at MIT) appeared in the early 1800s with the in-
vention of feed-forward control of weaving looms by Joseph Jac-
quard of France. In the late 1800s, the subject now known as control
theory was initiated by J.C. Maxwell through analysis of the set of dif-
ferential equations describing the flyball governor. At about the same
time, Vyshnegradskii formulated a mathematical theory of regula-
tors. In the 1830s, Michael Faraday described the law of induction
that would form the basis of the electric motor and the electric dyna-
mo. Subsequently, in the late 1880s, Nikola Tesla invented the alter-
nating-current induction motor. The basic idea of controlling a me-
chanical system automatically was firmly established by the end of
1800s. The development of pneumatic control elements in the 1930s
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matured to a point of finding applications in the process industries.
However, prior to 1940, the design of control systems remained an
art generally characterized by trial-and-error methods. During the
1940s, continued advances in mathematical and analytical methods
solidified the notion of control engineering as an independent engi-
neering discipline. In the United States, the development of the tele-
phone system and electronic feedback amplifiers spurred the use of
feedback by Bode, Nyquist, and Black at Bell Telephone Laboratories.
During the same time period, control theory was also being developed
in Russia and Eastern Europe. Further developments of time domain
formulations using state variable system representations occurred in
the 1960s and led to design and analysis practices now generally
classified as “modern control.”

The World War Il war effort led to further advances in the theory
and practice of automatic control in an effort to design and construct
automatic airplane pilots, gun-positioning systems, radar antenna con-
trol systems, and other military systems. The complexity and expected
performance of these military systems necessitated an extension of
the available control techniques and fostered interest in control sys-
tems and the development of new insights and methods.

On the commercial side, driven by cost savings achieved through
mass production, automation of the production process was a high
priority beginning in the 1940s. During the 1950s, the invention of the
cam, linkages, and chain drives became the major enabling tech-
nologies for the invention of new products and high-speed precision
manufacturing and assembly. Examples include textile and printing
machines, paper converting machinery, and sewing machines. High-
vqume preC|S|on manufacturing became a reality during this period.
TG The development of the microprocessor in the late
@8 1960s led to early forms of computer control in process
b @ and product design. Examples include numerically con-
PSRN trolled machines and aircraft control systems.

The launch of Sputnik and the advent of the space age provided yet
another impetus to the continued development of controlled mechanical
systems. The need to minimize satellite mass while providing accurate
control encouraged advancements in the important field of optimal con-
trol. Time domain methods developed by Liapunov, Minorsky, and oth-
ers, as well as the theories of optimal control developed by
L.S. Pontryagin in the former Soviet Union and R. Bellman in the United
States, were well matched with the increasing availability of high-speed
computers and new programming languages for scientific use.
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Advancements in semiconductor and inte-
grated circuits manufacturing led to the devel-
opment of a new class of products that incorpo-
rated mechanical and electronics in the system
and required the two together for their function-
ality. The term mechatronics was introduced by
Yasakawa Electric in 1969to represent such systems. Yasakawa
was granted a trademark in 1972, but after widespread usage of
the term, released its trademark rights in 1982. Initially, mechatron-
ics referred to systems with only mechanical systems and electrical
components—no computation was involved. Examples of such sys-
tems include the automatic sliding door, vending machines, and
garage door openers.

In the late 1970s, the Japan Society for the Promotion of Ma-
chine Industry (JSPMI) classified mechatronics products into four
categories:

1. Class I: Primarily mechanical products with electronics incorpo-
rated to enhance functionality. Examples include numerically con-
trolled machine tools and variable speed drives in manufacturing
machines.

2. Class II: Traditional mechanical systems with significantly updat-
ed internal devices incorporating electronics. The external user
interfaces are unaltered. Examples include the modern sewing
machine and automated manufacturing systems.

3. Class Ill: Systems that retain the functionality of the traditional
mechanical system, but the internal mechanisms are replaced by
electronics. An example is the digital watch.

4. Class IV: Products designed with mechanical and electronic
technologies through synergistic integration. Examples include
photocopiers, intelligent washers and dryers, rice cookers, and
automatic ovens.

The enabling technologies for each mechatronic product class il-
lustrate the progression of electromechanical products in stride with
developments in control theory, computation technologies, and micro-
processors.

Whatever definition of mechatronics one chooses to adopt, it is
evident that modern mechatronics involves computation as the central
element. In fact, the incorporation of the microprocessor to precisely
modulate mechanical power and to adapt to changes in environment
is the essence of modern mechatronics and smart products.
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12 Choose 3 words or word combinations on the topic “Mecha-
tronics” from the text, activity 11 and give definitions.

Basics of Mechatronics: Self Study Section

13 For Questions 1 — 15, read the text below. Use the word giv-
en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) engineers

What is Mechatronics?

For some (0) , mechatronics is
nothing new, and, for others, it is a (1)
approach to design that serves as a
guide for their (2) . Certainly, mech-
atronics is an (3) process, not a (4)

one. It is clear that an all-
encompassing definition of mechatronics does

“ = not exist, but in re-

ality, one is not

a
51 SMS?nEYKE ROAD ¥ needed. It is under-
- Q Qiﬂm stood that mecha-
9 % g tronics is about the
i synergistic (5)
m ' of (6)
2
0 , elec-
Z
W

trical, and computer
systems.

ngl Engineering =

One can understand the (7)
that mechatronics reaches into (8)
disciplines by (9) the constituent
components comprising mechatronics, which in-
clude (10) systems modeling, sen-
sors and (11) , signals and systemes,
computers and logic systems, and software and
data acquisition. Engineers and scientists from
all walks of life and fields of study can (12)
to mechatronics. As engineering
and science boundaries become less well (13)
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, more students will seek a multi-

disciplinary (14) with a strong de- DEFINITION
sign component. Academia should be moving EDUCATE
towards a curriculum, which includes (15)

of mechatronic systems. COVER

13 For Questions 1 — 10, complete the following text by writing
down each missing word. Use only one word in each gap. The
exercise begins with the example (0).

What's Next?

In the (0) _future , growth in mechatronic systems will (1)
fueled by the growth in the constituent areas. Ad-
vancements in traditional disciplines fuel the growth of mechatronics

systems (2) providing “enabling technologies.” We
should expect continued advancements in cost-effective microproces-
sors (3) microcontrollers, sensor and actuator develop-

ment enabled by advancements in applications of MEMS, adaptive
control methodologies and real-time programming methods, network-
ing and wireless technologies, mature CAE technologies (4)
advanced system modeling, virtual prototyping, and
testing. The continued rapid development in these areas (5)
only accelerate the pace of smart product development.
The Internet is a technology that, (6) utilized in combina-
tion with wireless technology, may also lead to new mechatronic
products. While developments in automotives provide vivid examples

(7) mechatronics development, there are numerous ex-
amples of intelligent systems in all walks of life, including smart home
appliances (8) as dishwashers, vacuum cleaners, mi-

crowaves, and wireless network enabled devices. In the area of “hu-
man-friendly machines”, we can expect advances in robot-assisted
surgery, and implantable sensors and actuators.

9) areas that will benefit from mechatronic advances
(10) include robotics, manufacturing, space technology,
and transportation. The future of mechatronics is wide open.

@ WRITING

14 Read information about the procedure of writing annotations
in the section “Additional Material” at the end of the book. Then
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read a text about the development of an automobile as a mecha-
tronic system and write an annotation to it.

The Development of the Automobile as a Mechatronic System

The evolution of modern mechatronics can be illustrated with the
example of the automobile. Until the 1960s, the radio was the only signif-
icant electronics in an automobile. All other functions were entirely me-
chanical or electrical, such as the starter motor and the battery charging
systems. There were no “intelligent safety systems,” except augmenting
the bumper and structural members to protect occupants in case of ac-
cidents. Seat belts, introduced in the early 1960s, were aimed at improv-
ing occupant safety and were completely mechanically actuated. All en-
gine systems were controlled by the driver and/or other mechanical
control systems. For instance, before the introduction of sensors and mi-
crocontrollers, a mechanical distributor was used to select the specific
spark plug to fire when the fuel-air mixture was compressed. The timing
of the ignition was the control variable. The mechanically controlled
combustion process was not optimal in terms of fuel efficiency. Modeling
of the combustion process showed that, for increased fuel efficiency
there existed an optimal time when the fuel should be ignited. The timing
depends on load, speed, and other measurable quantities. The electron-
ic ignition system was one of the first mechatronic systems to be intro-
duced in the automobile in the late 1970s. The electronic ignition system
consists of a crankshaft position sensor, camshaft position sensor, air-
flow rate, throttle position, rate of throttle position change sensors, and a
dedicated microcontroller determining the timing of the spark plug firings.
Early implementations involved only a Hall effect sensor to sense the
position of the rotor in the distributor accurately. Subsequent implemen-
tations eliminated the distributor completely and directly controlled the
firings utilizing a microprocessor.

The Antilock Brake System (ABS) was also introduced in the late
1970s in automobiles. The ABS works by sensing lockup of any of the
wheels and then modulating the hydraulic pressure as needed to mini-
mize or eliminate sliding. The Traction Control System (TCS) was intro-
duced in automobiles in the mid-1990s. The TCS works by sensing slip-
page during acceleration and then modulating the power to the slipping
wheel. This process ensures that the vehicle is accelerating at the maxi-
mum possible rate under given road and vehicle conditions. The Vehicle
Dynamics Control (VDC) system was introduced in automobiles in the
late 1990s. The VDC works similar to the TCS with the addition of a yaw
rate sensor and a lateral accelerometer. The driver intention is deter-
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mined by the steering wheel position and then compared with the actual
direction of motion. The TCS system is then activated to control the power
to the wheels and to control the vehicle velocity and minimize the differ-
ence between the steering wheel direction and the direction of the vehicle
motion. In some cases, the ABS is used to slow down the vehicle to
achieve desired control. In automobiles today, typically, 8, 16, or 32-bit
CPUs are used for implementation of the various control systems. The
microcontroller has onboard memory (EEPROM/EPROM), digital and an-
alog inputs, A/D converters, pulse width modulation (PWM), timer func-
tions, such as event counting and pulse width measurement, prioritized
inputs, and in some cases digital signal processing. The 32-bit processor
is used for engine management, transmission control, and airbags; the
16-bit processor is used for the ABS, TCS, VDC, instrument cluster, and
air conditioning systems; the 8-bit processor is used for seat, mirror con-
trol, and window lift systems. Today, there are about 30—60 microcontrol-
lers in a car. This is expected to increase with the drive towards develop-
ing modular systems for plug-n-ply mechatronics subsystems.
Mechatronics has become a necessity for product differentiation in
automobiles. Since the basics of internal combustion engine were
worked out almost a century ago, differences in the engine design
among the various automobiles are no longer useful as a product dif-
ferentiator. In the 1970s, the Japanese automakers succeeded in es-
tablishing a foothold in the U.S. automobile market by offering unsur-
passed quality and fuel-efficient small automobiles. The quality of the
vehicle was the product differentiator through the 1980s. In the 1990s,
consumers came to expect quality and reliability in automobiles from all
manufacturers. Today, mechatronic features have become the product
differentiator in these traditionally mechanical systems. This is further
accelerated by higher performance price ratio in electronics, market
demand for innovative products with smart features, and the drive to
reduce cost of manufacturing of existing products through redesign in-
corporating mechatronics elements. With the prospects of low single
digit (2...3 %) growth, automotive makers will be searching for high-
tech features that will differentiate their vehicles from others. The auto-
motive electronics market in North America, now at about $20 billion, is
expected to reach $28 billion by 2004. New applications of mechatronic
systems in the automotive world include semi-autonomous to fully au-
tonomous automobiles, safety enhancements, emission reduction, and
other features including intelligent cruise control, and brake by wire sys-
tems eliminating the hydraulics. Another significant growth area that
would benefit from a mechatronics design approach is wireless net-
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working of automobiles to ground stations and vehicle-to-vehicle com-
munication. Telematics, which combines audio, hands-free cell phone,
navigation, Internet connectivity, e-mail, and voice recognition, is per-
haps the largest potential automotive growth area.

In fact, the use of electronics in automobiles is expected to in-
crease at an annual rate of 6 % per year over the next five years, and
the electronics functionality will double over the next five years. Micro
Electromechanical Systems (MEMS) is an enabling technology for the
cost-effective development of sensors and actuators for mechatronics
applications. Already, several MEMS devices are in use in automo-
biles, including sensors and actuators for airbag deployment and
pressure sensors for manifold pressure measurement. Integrating
MEMS devices with CMOS signal conditioning circuits on the same
silicon chip is another example of development of enabling technolo-
gies that will improve mechatronic products, such as the automobile.

Millimeter wave radar technology has recently found applications
in automobiles. The millimeter wave radar detects the location of ob-
jects (other vehicles) in the scenery and the distance to the obstacle
and the velocity in real-time. This technology provides the capability to
control the distance between the vehicle and an obstacle (or another
vehicle) by integrating the sensor with the cruise control and ABS sys-
tems. The driver is able to set the speed and the desired distance be-
tween the cars ahead of him. The ABS system and the cruise control
system are coupled together to safely achieve this remarkable capabil-
ity. One logical extension of the obstacle avoidance capability is slow
speed semi-autonomous driving where the vehicle maintains a con-
stant distance from the vehicle ahead in traffic jam conditions. Fully au-
tonomous vehicles are well within the scope of mechatronics develop-
ment within the next 20 years. Supporting investigations are underway
in many research centers on development of semi-autonomous cars
with reactive path planning using GPSbased continuous traffic model
updates and stop-and-go automation. A proposed sensing and control
system for such a vehicle involves differential global positioning sys-
tems (DGPS), realtime image processing, and dynamic path planning.

Future mechatronic systems on automobiles may include a fog-free
windshield based on humidity and temperature sensing and climate con-
trol, self-parallel parking, rear parking aid, lane change assistance, fluid-
less electronic brake-by-wire, and replacement of hydraulic systems with
electromechanical servo systems. As the number of automobiles in the
world increases, stricter emission standards are inevitable.
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UNIT 2
PHYSICAL SYSTEM MODELING: SECTION 1

LEAD- IN

1 Study the following scheme of a classical mechanical-
electronic system. Then explain the connection between all the
components in it.

—> micro-

T) computer [~ actuators process [—X sensors

2 Read the text “Ways of Integration” and put the abstracts in
the right order.

Ways of Integration

A. The limits of this approach were given by the lack of
suitable sensors and actuators, the unsatisfactory
life time under rough operating conditions (accelera-

tion, temperature, contamination), the large space
requirements, the required cables, and relatively
slow data processing.

B. Such systems resulted from adding available sen-

sors, actuators, and analog or digital controllers to
mechanical components.
C. The integration within a mechatronic system can be

performed through the integration of components and
through the integration of information processing.

D. With increasing improvements in miniaturization, ro-
bustness, and computing power of microelectronic

components, one can now put more emphasis on
electronics in the design of a mechatronic system.

E. Figure above shows a general scheme of a classical
mechanical-electronic system.

F. More autonomous systems can be envisioned, such

as capsuled units with touchless signal transfer or
bus connections, and robust microelectronics.
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READING

3 You are going to read a magazine article about the functions
of Mechatronic systems. For each part (1 — 7) of the article,
choose the most suitable heading from the list (A — F). There is
one extra heading which you do not need to use. There is an ex-
ample at the beginning (0).

Designer’s task

Adjustable damping advantage

Way of linearization

Way for mechatronics systems creation
Nonlinear mechanical systems adaptation
Mechanical component simplification

Ways of mechatronic system implementation

GTMMmMoOO®>

Functions of Mechatronic Systems

L 0 | D
Msechanica' Elecko Mechatronic systems permit
ystems . .
Electromechanics many improved and new functions.

For designing mechatronic sys-

: tems, the interplay for the realiza-

e chanical L tion of funct!ons in the mechanlcal
and electronic part is crucial.

Dlgital Control

Systemms Compared to pure mechanical
realizations, the use of amplifiers
and actuators with electrical auxilia-
ry energy led to considerable simpli-
fications in devices, as can be seen from watches, electrical typewrit-
ers, and cameras. A further considerable simplification in the mechan-
ics resulted from introducing microcomputers in connection with decen-
tralized electrical drives, as can be seen from electronic typewriters,
sewing machines, multi-axis handling systems, and automatic gears.

L2 | |

The design of lightweight constructions leads to elastic systems
which are weakly damped through the material. An electronic damping
through position, speed, or vibration sensors and electronic feedback
can be realized with the additional advantage of an adjustable damp-
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ing through the algorithms. Examples are elastic drive chains of vehi-
cles with damping algorithms in the engine electronics, elastic robots,
hydraulic systems, far reaching cranes, and space constructions (with,
for example, flywheels).

[ 3 | |

The addition of closed loop control for position, speed, or force
not only results in a precise tracking of reference variables, but also
an approximate linear behavior, even though the mechanical systems
show nonlinear behavior. By omitting the constraint of linearization on
the mechanical side, the effort for construction and manufacturing
may be reduced. Examples are simple mechanical pneumatic and
electromechanical actuators and flow valves with electronic control.

[ 4 | |

With the aid of freely programmable reference variable generation
the adaptation of nonlinear mechanical systems to the operator can
be improved. This is already used for the driving pedal characteristics
within the engine electronics for automobiles, telemanipulation of ve-
hicles and aircraft, in development of hydraulic actuated excavators,
and electric power steering.

L 5 | |

With an increasing number of sensors, actuators, switches, and
control units, the cable and electrical connections increase such that
reliability, cost, weight, and the required space are major concerns.
Therefore, the development of suitable bus systems, plug systems,
and redundant and reconfigurable electronic systems are challenges
for the designer.

'i/m) LISTENING

4  Listen to the text and for Questions 1 — 8, fill in the gaps. Use
not more than 3 words in each gap.

Improvement of Operating Properties
By applying active feedback control, precision is obtained not only

through the high mechanical precision of a passively
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1| | controlled mechanical element, but by

comparison of a programmed reference variable and a

2 | | control variable. Therefore, the mechanical

precision in design and manufacturing may be reduced somewhat and

more simple |3 | | for bearings or slideways

can be used. An important aspect is the compensation of a larger and

time variant friction by adaptive friction compensation. Also, a larger

4 | | on cost of backlash may be intended (such

as gears with pretension), because it is usually easier to compensate

for friction than for backlash. Model-based and

5 | | control allow for a wide range of operation,

compared to fixed control with unsatisfactory performance (danger of

instability or sluggish behavior). A | 6 | | of

robust and adaptive control allows a wide range of operation for flow-,

force-, or speed-control, and for processes like engines, vehicles, or

aircraft. A better control performance | 7 | |

the reference variables to move closer to the constraints with an
improvement in efficiencies and yields (e.g., higher temperatures,

pressures for combustion engines and turbines, compressors at

stalling limits, higher |8 | | and higher speed for

paper machines and steel mills).

25



VOCABULARY AND GRAMMAR

Compound nouns
Compound nouns are a group of two or more nouns which act a

single noun. In order to understand what these nouns mean it is nec-
essary to be able to recognize how such nouns are formed. The last
word in the chain says what the thing is, while the other word\words
that preface it describe the thing. So, to translate the compound nouns
we should start with the last word and work backwards.

e.g. adigital input converter
an aircraft stability control
an optic device switch
an analog signal commutator
a flow intensity sensor
a direct current actuator

By means of compound nouns a large number of possible mean-

ings can be expressed.

1

Function (the first noun tells what the second one is for)

e.g. a pressure sensor (a sensor for pressure measurement)
Material (the first noun tells what the second one consists of)
e.g. a mercury switch (a switch element made of mercury)

Activity or person (the second noun refers to an activity or person
related to the first noun)

e.g. a mechatronics engineer (a person who implements mecha-
tronic solutions)

Part (the second noun refers to a part of the first one)
e.g. robustness control (the control of robustness)
Multiple nouns (some expression are joint by hyphens)

e.g. a digital-to-analog converter (a converter that converts a digi-
tal signal into an analog one)
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5

Give names to the following things, units etc using infor-

mation about compound nouns.

Example:
A calculating machine is a device that calculates data.

O0oNoOR~LON -

0.

6

vehicle-to-vehicle communication
a modern engineering design

a synergistic integration

software integration

data processing

an bioelectro-mechanical system
embedded systems engineering
a smart actuator

engineering design process

a quantum computer

Give short explanations to the items below. Use information

about compound nouns.

©oNoOoOhWN =

10.

precision mechanics

a smart sensor

an analog input

an enabling technology

a millimeter wave radar technology

modern concurrent engineering design practice
physical systems modeling

a feedback control system

a speed driver

high-speed precision manufacturing

&SPEAKING

v

1

Make up dialogues using one of the situations given.

Student A: You are a journalist, whose task is to write the article
“Role of Modeling in Creating Mechatronics Systems.” Ask a spe-
cialist to help you in this task.

Student B: You are a mechatronics engineer whose specialty is
modeling.
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Student A: You are a student of Computer Science faculty. Your
home task was to find information on the topic “The importance of
physical systems modeling.” Make a report and answer your
teacher’s questions.

Student B: You are a teacher of Mechatronics. Ask the student
some questions to check his understanding of the subject.

Student A and Student B: You are students of Computer Sci-
ence faculty. Your individual task for the next lesson is to make a
presentation of the functions of mechatronics systems. Discuss
what aspects of the area are necessary to cover.

Student A: You are a student of Computer Science faculty. You
want to know what a sensor is used for. You enter a forum on
computer science. Ask all necessary questions.

Student B: You are a specialist on Mechatronics. In a forum you
come across the question about sensors. Help a young guy to
understand the subject.

Student A: You are a specialist on Mechatronics. You are going
to take part in a conference on Information Technology. Ask a
colleague to be a co-author of your article about actuators.
Student B: You are a specialist on Mechatronics too. You've
been invited by your colleague to take part in the conference. Ac-
cept an offer and share your knowledge on the subject.

Student A: You are a manager of a company called “Robotech.”
You want to develop a mechatronics system for improving of pre-
cision properties of a welding robot. Address the firm which spe-
cializes on developing mechatronics systems.

Student B: You are a specialist who works in the company Stu-
dent A needs. Tell your client about the ways of integration in
mechatronics systems.

Physical System Modeling: Section 2

READING

Look at the diagram that schematically shows historical de-

velopment of mechanical, electrical, and electronic systems. Use
it to tell about this historical development.
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| Pure mechanical systems | <1900

<4— d.c. motor 1870
v <— a.c. motor 1889

Mechanical systems with
electrical drives

1920

<4— relays, solenoids

<— hydraulic, pneumatic,
electric amplifiers

v & Pl-controllers 1930

Mechanical systems with

automatic control 1935
<— transistor 1948
v & thyristor 1955
Mechanical systems with

® electronic (analog) control 1955
® sequential control

<— digital computer 1955
<4— process computer 1959

<4— real-time software 1966
<4— microcomputer 1971

Mechanical systems with
@ digital continuous control 1975
@ digital sequential control

<«4— microcontroller 1978

<— process/fieldbus systems
<€4— new actuators, sensors

Mechatronic systems

® integration: mechanics &
electronics hardware

® software determines functions

® new design tools for
simultaneous engineering

® synergetic effects

1985

steam engine 1860
dynamos 1870
circular pumps 1880

combustion engine1880

mech. typewriter

tool machines
pumps

electric typewriter

steam turbines
aircraft

electronic
controlled
lifts

y < digital decentralized automation 1975

machine tools
industrial robots
industrial plants
disc drives

<— personal computers 1980

y 4 integration of components

mobile robots

CIM

magnetic bearings
automotive control
(ABS, ESP)

v

Increasing
electrical
drives

Increasing
automatic
control

Increasing
automation
with process
computers and
miniaturization

Increasing
integration

of process &
microcomputers

9 Read the first part of the text “Historical Development and
Definition of Mechatronic Systems” then answer the questions

below.

1 What are the components of electronics part of Mechatronics sys-

tem?

2  What are the components of mechanics part of Mechatronics sys-

tem?

3 What are the components of information technology part of a

mechatronics system?

(O ) F N

ment?

6 What's the energy flow in a machine?
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What's the role of sensor in Mechatronics system?
What's the Mechatronics system in terms of historical develop-



7  What types of energy can be used in Mechatronics systems?
8 What’s the distinctive feature of mechanical systems which de-
veloped since about 19807

Historical Development and Definition
of Mechatronic Systems

In several technical areas the integration of products or process-
es and electronics can be observed. This is especially true for me-
chanical systems which developed since about 1980. These systems
changed from electro-mechanical systems with discrete electrical and
mechanical parts to integrated electronic-mechanical systems with
sensors, actuators, and digital microelectronics. These integrated sys-
tems are called mechatronic systems, with the connection of ME-
CHAnics and elecTRONICS. The word “mechatronics” was probably
first created by a Japanese engineer in 1969. Mechatronics is an in-
terdisciplinary field, in which the following disciplines act together:

e mechanical systems (mechanical elements, machines, precision
mechanics);

e electronic systems (microelectronics, power electronics, sensor
and actuator technology); and

e information technology (systems theory, automation, software
engineering, artificial intelligence).

system theory
modeling
automation-technology
software

artificial intelligence

micro electronics
power electronics
sensors
actuators

electronics

mechanical elements
machines
precision mechanics

The figure above shows a general scheme of a modern mechani-
cal process like a power producing or a power generating machine. A
primary energy flows into the machine and is then either directly used
for the energy consumer in the case of an energy transformer, or con-
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verted into another energy form in the case of an energy converter. The
form of energy can be electrical, mechanical (potential or kinetic, hy-
draulic, pneumatic), chemical, or thermal. Machines are mostly charac-
terized by a continuous or periodic (repetitive) energy flow. For other
mechanical processes, such as mechanical elements or precision me-
chanical devices, piecewise or intermittent energy flows are typical.

10 Now study the figure below and for Questions 1-10, fill the
gaps in the second part of the text “Historical Development and
Definition of Mechatronic Systems”. Use not more than two
words for each gap.

man/machine

interface

reference
v variables

information

monitored
variables

processing

manipulated <€——— measured
variables information flow variables

energy flow

—
[ actua- Y mechanics & I |

tors energy converter —>O—>

primary consumer

energy energy

flow flow

energy

energy o

supply

— —

sumer

mechanical
hydraulic
thermal
electrical

The energy flow is generally a product of a generalized flow and a
potential (effort). Information on the state of the mechanical process
can be obtained by measured generalized flows (speed, volume, or
mass flow) or electrical current or potentials (force, pressure, tempera-
ture, or voltage). Together with (1) , the (2)
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are the inputs for an (3) through the digital
electronics resulting in (4) for the (5) or in
(6) on a display.

The addition and integration of feedback information flow to a
feedforward energy flow in a basically mechanical system is one
characteristic of many mechatronic systems. This development pres-
ently influences the design of mechanical systems. Mechatronic sys-
tems can be subdivided into:

e mechatronic systems
e mechatronic machines
e mechatronic vehicles

e precision mechatronics
e micro mechatronics

This shows that the integration with electronics comprises many
classes of technical systems. In several cases, the (7)
part of the process is coupled with an (8) :
(9) , thermodynamic, chemical, or information pro-
cessing part. This holds especially true for (10) as ma-
chines where, in addition to the mechanical energy, other kinds of en-
ergy appear. Therefore, mechatronic systems in a wider sense
comprise mechanical and also non-mechanical processes. However,
the mechanical part normally dominates the system. Because an aux-
iliary energy is required to change the fixed properties of formerly
passive mechanical systems by feedforward or feedback control, the-
se systems are sometimes also called active mechanical systems.

Physical System Modeling: Self Study Section

11 Find all compound nouns from the text, activities 9, 10, and
then give explanations to them.

12 For Questions 1 — 10, read the text below. Use the word giv-
en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) integration

Integration of Components (Hardware)

The (0) of components (hardware  INTEGRATE
integration) results from (1) the DESIGN
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mechatronic system as an overall system and

(2) the (3) , actuators, IMBED

and microcomputers into the mechanical pro- SENSE

cess. This spatial integration may be (4)

to the process and sensor, or to  LIMIT

the process and actuator. Microcomputers can

be integrated with the actuator, the process or

sensor, or can be (5) at several ARRANGEMENT
places. Integrated sensors and microcomput-

ers lead to smart sensors, and integrated ac-

tuators and microcomputers (6) LEADING

to smart actuators. For (7) sys- ENLARG

tems, bus (8) will replace cables. CONNECT

Hence, there are several (9) to

build up an integrated overall system by (10) POSSIBLE
integration of the hardware. PROPERTY

Smart Sensor Smart Actuator

13 Read the text about integration of information processing

and for Questions 1-12, fill the gaps in it with the words from the

box given below.

Integration of Information Processing (Software)

available signals problem solutions equations
control performance criteria influence
methods online information properties
software integration models algorithms

The integration of information processing, i.e. (1)

is mostly based on advanced (2) functions. Besides a
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basic feedforward and feedback control, an additional (3)
may take place through the process knowledge and
corresponding (4) processing.

This means a processing of (5) at higher levels,
including the solution of tasks like supervision with fault diagnosis, op-
timization, and general process management. The respective (6)
result in real-time (7) which must be
adapted to the mechanical process properties, expressed by mathe-
matical models in the form of static characteristics, or differential (8)
Therefore, a knowledge base is required; comprising

(9) for design and information gaining, process (10)

, and (11) . In this way, the mechanical
parts are governed in various ways through higher level information
processing with intelligent (12) , possibly including

learning, thus forming integration by process-adapted software.

@ WRITING

14 Choose one of the topics below and do the written task ac-
cording to the instructions given. Let your assignment be of 160—
200 words.

e You are a scientist who is researching a new area of modern
Control Theory. You are interested in Mechatronics as an initial
part of this subject. You are going to take part in International
Conference, which is devoted to this scientific sphere. Write an
article about main aspects and components of Mechatronics.

e You are a student of Computer Science Faculty and your task is
to write a report on the Mechatronics field. Your theme is ‘Main
Aspects of Mechatronics’.

e You are a student who is given material on Mechatronics subject.
Make written task, following the topic: “Mechatronics and its main
aspects in my vision”.

15 Read the text below and write an annotation to it.

A Brief History of Feedback Control

There have been many developments in automatic control theory
during recent years. It is difficult to provide an impartial analysis of an
area while it is still developing; however, looking back on the progress
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of feedback control theory it is by now possible to distinguish some

main trends and point out some key advances.

Feedback control is an engineering discipline. As such, its pro-
gress is closely tied to the practical problems that needed to be solved
during any phase of human history. The key developments in the his-
tory of mankind that affected the progress of feedback control were:

1.  The preoccupation of the Greeks and Arabs with keeping accu-
rate track of time. This represents a period from about 300 BC to
about 1200 AD.

2. The Industrial Revolution in Europe. The Industrial Revolution is
generally agreed to have started in the third quarter of the eight-
eenth century; however, its roots can be traced back into the
1600's.

3. The beginning of mass communication and the First and Second
World Wars. This represents a period from about 1910 to 1945.

4. The beginning of the space/computer age in 1957.

One may consider these as phases in the development of man,
where he first became concerned with understanding his place in
space and time, then with taming his environment and making his ex-
istence more comfortable, then with establishing his place in a global
community, and finally with his place in the cosmos.

At a point between the Industrial Revolution and the World Wars,
there was an extremely important development. Namely, control theory
began to acquire its written language- the language of mathematics.
J.C. Maxwell provided the first rigorous mathematical analysis of a feed-
back control system in 1868. Thus, relative to this written language, we
could call the period before about 1868 the prehistory of automatic control.

Following Friedland, we may call the period from 1868 to the ear-
ly 1900's the primitive period of automatic control. It is standard to call
the period from then until 1960 the classical period, and the period
from 1960 through present times the modern period.

Having some understanding of the history of automatic control
theory, we may now briefly discuss the philosophies of classical and
modern control theory.

Developing as it did for feedback amplifier design, classical con-
trol theory was naturally couched in the frequency domain and the s-
plane. Relying on transform methods, it is primarily applicable for line-
ar time-invariant systems, though some extensions to nonlinear sys-
tems were made using, for instance, the describing function.
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The system description needed for controls design using the
methods of Nyquist and Bode is the magnitude and phase of the fre-
quency response. This is advantageous since the frequency response
can be experimentally measured. The transfer function can then be
computed. For root locus design, the transfer function is needed. The
block diagram is heavily used to determine transfer functions of com-
posite systems. An exact description of the internal system dynamics
is not needed for classical design; that is, only the input/output behav-
ior of the system is of importance.

The design may be carried out by hand using graphical tech-
niques. These methods impart a great deal of intuition and afford the
controls designer with a range of design possibilities, so that the re-
sulting control systems are not unique. The design process is an en-
gineering art.

A real system has disturbances and measurement noise, and
may not be described exactly by the mathematical model the engineer
is using for design. Classical theory is natural for designing control
systems that are robust to such disorders, yielding good closed-loop
performance in spite of them. Robust design is carried out using no-
tions like the gain and phase margin.

Simple compensators like proportional-integral-derivative (PID),
lead-lag, or washout circuits are generally used in the control struc-
ture. The effects of such circuits on the Nyquist, Bode, and root locus
plots are easy to understand, so that a suitable compensator structure
can be selected. Once designed, the compensator can be easily
tuned on line.

A fundamental concept in classical control is the ability to de-
scribe closed-loop properties in terms of open-loop properties, which
are known or easy to measure. For instance, the Nyquist, Bode, and
root locus plots are in terms of the open-loop transfer function. Again,
the closed-loop disturbance rejection properties and steady-state error
can be described in terms of the return difference and sensitivity.

Classical control theory is difficult to apply in multi-input/multi-
output (MIMO), or multi-loop systems. Due to the interaction of the
control loops in a multivariable system, each single-input/single-output
(SISO) transfer function can have acceptable properties in terms of
step response and robustness, but the coordinated control motion of
the system can fail to be acceptable.

Thus, classical MIMO or multiloop design requires painstaking ef-
fort using the approach of closing one loop at a time by graphical
techniques. A root locus, for instance, should be plotted for each gain
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element, taking into account the gains previously selected. This is
a trial-and-error procedure that may require multiple iterations, and it
does not guarantee good results, or even closed-loop stability.

The multivariable frequency-domain approaches developed by
the British school during the 1970's, as well as quantitative feedback
theory, overcome many of these limitations, providing an effective ap-
proach for the design of many MIMO systems.
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UNIT 3
SENSORS AND ACTUATORS: SECTION 1

LEAD- IN

1 Look at the diagrams below and answer the following ques-
tions.

e What do these pictures show?
o What are the distinguishing characteristics of these signals?
e What is the difference between them?
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2 Read the names of the signals and say what picture from ac-
tivity 1 shows each of them.

1. amplitude modulation
2. frequency modulation
3. sine wave

4. pulse width modulation
5. square wave
READING

3 Now read the text about sighals of a mechatronic system and
check your answers.

Signals of a Mechatronic System

All inputs to mechatronic systems come from either some form of
sensory apparatus or communications from other systems. Transduc-
ers, devices that convert energy from one form to another, are often
used synonymously with sensors.

Sensors can be divided into two general classifications, active or
passive. Active sensors emit a signal in order to estimate an attribute
of the environment or device being measured. Passive sensors do
not. A military example of this difference would be a strike aircraft
“‘painting” a target using either active laser radar (LADAR) or a pas-
sive forward looking infrared (FLIR) sensor.

The output of a sensor is usually an analog signal. The simplest
type of analog signal is a voltage level with a direct (though not nec-
essarily linear) correlation to the input condition. A second type is a
pulse width modulated (PWM) signal, which will be explained further
in a later section of this chapter when discussing microcontroller out-
puts. A third type is a wave form (diagram A). This type of signal is
modulated either in its amplitude (diagram B) or its frequency (dia-
gram C) or, in some cases, both. These changes reflect the changes
in the condition being monitored.

There are sensors that do not produce an analog signal. Some of
these sensors produce a square wave as in diagram D that is input to
the microcontroller using the EIA 232 communications standard. The
square wave represents the binary values of 0 and 1. In this case the
ADC is probably on-board the sensor itself, adding to the cost of the
sensor. Some sensors/recorders can even create mail or TCP/IP
packets as output.
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An example of this type of unit is the MV100 MobileCorder from
Yokogawa Corporation of America.

The three common actuators are switches, solenoids, and mo-
tors. Switches are simple state devices that control some activity, like
turning on and off the furnace in a house. Types of switches include
relays and solid-state devices. Solid-state devices include diodes, thy-
ristors, bipolar transistors, field-effect transistors (FETs), and metal-
oxide field-effect transistors (MOSFETs). A switch can also be used
with a sensor, thus turning on or off the entire sensor, or a particular
feature of a sensor.

Solenoids are devices containing a movable iron core that is acti-
vated by a current flow. The movement of this core can then control
some form of hydraulic or pneumatic flow. Applications are many, in-
cluding braking systems and industrial production of fluids. Motors are
the last type of actuator that will be summarized here. There are three
main types: direct current (DC), alternating current (AC), and stepper
motors. DC motors may be controlled by a fixed DC voltage or by
pulse width modulation (PWM). In a PWM signal, such as shown in
diagram E, a voltage is alternately turned on and off while changing
(modulating) the width of the on-time signal, or duty cycle. AC motors
are generally cheaper than DC motors, but require variable frequency
drive to control the rotational speed. Stepper motors move by rotating
a certain number of degrees in response to an input pulse.

4 Read the text (activity 3) again. For Question 1 — 8, choose
the correct answer A, B or C.

1  What's the transducer?
A a converter of energy from one form to another
B a converter from one form of sensor to another
C a converter of information

2 Sensors can be divided into
A active or passive
B active or non-active
C active or inductive

3 Input signals come into mechatronics systems from
A sensors or other systems
B outputs of other systems
C other systems

41



4  The output of a sensor is only
A analog signal and TCP/IP packets
B digital signal and TCP/IP packets
C analog, TCP/IP packets and square signals

5 Difference between active and passive sensor is that
A active sensors emit signals, passive sensors do not emit sig-
nals
B active sensors receive signals, passive sensors do not emit
signals
C both active and passive sensors emit signals

6 Solenoids are
A devices which have an immobile iron core that is activated by
a current flow
B devices which have a movable iron core that is activated by a
current flow
C devices having a mobile iron core that is not activated by a
current flow

7  Switches
A  control some activity
B control relays and solid-state devices
C switch some devices

8 Ways of DC motor control is
A fixed DC voltage
B fixed DC voltage and pulse width modulation
C pulse width modulation

ol

Study these abbreviations and say what they stand for.

LADAR
FLIR
PWM
EIA
ADC
TCP\IP
FET
MOSFET
DC

0 AC

2 OCoO~NOOOAPRWN -
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m) LISTENING

6 You will hear definitions of terms given below. For Defini-
tions 1 — 15, choose from the list of terms A — O in the order they
appear in the recording. Use letters once only. There is one extra
term which is not defined.

A foar pcomerter opnen [T
igital-to-analog converter efinition

C  Synergy Definition 3

D  Modulation Definition 4

E Sensor Definition 5

F  Systems engineering Definition 6 4

G Antilock Braking System Definition 7 L[4 |

H  Mechatronics Definition 8

I Microprocessor Definition 9

J Measurement Definition 10 :@

K Microcontroller Definition 11

L  Switch Definition 12

M  Data Acquisition Definition 13

N  Frequency response Definition 14

O Filtering ]9 ]
. |10
o [11)
_ [12)
. [13
 [14)

VOCABULARY AND GRAMMAR

7 Now complete the following sentences with the words from
activity 6.

1 Integrated sensors and microcomputers lead to smart
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10

Integrated  actuators  and microcomputers  lead to
smart

The process of begins with the measurement of a
physical value by a sensor.
A(n) is then often used to convert the digital value

into an analog signal.

are simple state devices that control some activity.
A(n) is a simpler, more rugged microcontroller de-
signed for industrial environments.

is a natural stage in the evolutionary process of
modern engineering design.

Measured variables are the inputs for a(n) through the
digital electronics resulting in manipulated variables for the actuators.
A primary into the machine and is then either directly used
for the energy consumer in the case of an energy transformer, or con-
verted into another energy form in the case of an energy converter.

is the modification of a signal to make it more use-
ful to a system.

Explanations and Definitions
Texts containing technical terminology often contain definitions

and explanations, especially in case when the text is aimed at non-
experts or students of technical subjects, or if the purpose of the text
is to inform specialists about new developments.

1

The following common words and expressions are used in defini-
tions or explanations

is\are by ... we mean
means by ... is meant
is taken to be in other words
denotes that is (to say)
is\can be defined as

e.g. Mechatronics is a modern trend of science.
It can be defined as synergetic association of mechanics,
electronics and control.
In other words, it is not a simple fusion of these components.
By mechatronics approach is meant a qualitatively new stage
of engineering practice.
Electronics development denotes an opportunity of practical
implementation of complex control algorithms, which is a
unique platform for industrial achievements.
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2

Some explanations and definitions may give further distinguishing
characteristics with the help of a defining relative clause.

Relative clause is a sentence which gives information about the
subject of a sentence and is introduced with relative pronouns
and relative adverbs. The relative pronouns used in this type of
definitions or explanations will be who or that for people, that or
which for things, and relative adverbs when and where to refer to
a period of time and a place or location, correspondingly.

e.g. A sensor is a device that receives a signal or stimulus and

responds to it.

An actuator is a device that puts something into an action or
a mechanical motion.

An engineer is a person who is trained in any branch of engi-
neering.

A transducer is any device that converts one form of energy
into another.

To define a term it is possible to use a noun, a noun phrase, or a
clause which is separated from the rest of the sentence by com-
mas or dashes.

e.g. Mechatronics — the combination of mechanical engineering,

computing, and electronics — is used in the design and de-
velopment of new manufacturing techniques.

A system — assembly of electronic, electrical, or mechanical
components with interdependent functions — usually forms a
self-contained unit.

A measuring system, complex of devices which are pro-
cessing signals, is applied in mechatronics systems.

Structure of a definition. Generally, a definition consists of three
parts: the term to be defined, the group it belongs to, the charac-
teristics which are special about it and distinguish the term from
other members of the group.

Group Characteristics

e.g. Acore is aferrite ring which is capable of being either mag-

netized or demagnetized.
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An electric is an actuator which is used for realization of func-
motor tional motion of mechatronics system.

8 Read the following definitions and complete the crossword
below with the terms they identify.

Across:

2 converter — a device converting an analogue electrical
signal into a digital representation so that it can be processed by a
digital system

3 The science and technology concerned with the development, be-
haviour, and applications of electronic devices and circuits.

4 current — a continuous electric current that periodically
reverses direction, usually sinusoidal

6 Process — the branch of engineering concerned with in-
dustrial processes.

8 The science of designing, constructing, and operating machines.

9 Velocity is a device, converting measured magnitude of
velocity in a signal for the subsequent transfer, registration, etc.

10 A device for measuring, recording, or indicating time; also a switch
or regulator that causes a mechanism to operate at a specific time or
at predetermined intervals.

Down:

1 A single integrated circuit performing the basic functions of the cen-
tral processing unit.

5 current — a continuous electric current that flows in one
direction only, without substantial variation in magnitude

6 Industrial — the practice of designing any object for manu-
facturing.
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&SPEAKING

9 Choose any type of Mechatronics systems signals given be-
low and make a report on it.

harmonic signal

step signal

amplitude modulation
frequency modulation
pulse width modulation
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Sensors and Actuators: Section 2

READING

10 Study the figure which shows a typical mechatronic system
with mechanical, electrical, and computer components, given be-
low. Explain the connection between all its components.

Physical

|
Device Control

Measurement

1

Sensor  —Analog-» ADC —Digital—»

Microprocessor|

Control [ Digtal—»  DAC  [—Analog%  Actuator

11

!

Clock
Pulse

Clock Clock
pulse Clock Pulse

Read the text about the mechatronic system, and answer

the questions below.

1

2
3
4

Do system data acquisition processes begin with the sensor
measurement by an operator only?

|s analog-to-digital converter output signal sent to analog signal?
Do Actuators use analog signal for control physical equipment?

Is DAC-converter used in heating/cooling system for homes and
offices?

Does the microcontroller use the digitized temperature data after
conversion by the DAC and the user requested temperatures to
produce a digital control signal?

Can microprocessor outputs be represented in digital form by a
set of bits?

Is the rotational speed of the wheels determined by velocity sen-
sor of each wheel in the ABS?

Can system calibration adjust the response to the driver during
stopping the vehicle?
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The Mechatronic System

Figure in activity 6 shows a typical mechatronic system with me-
chanical, electrical, and computer components. The process of sys-
tem data acquisition begins with the measurement of a physical value
by a sensor. The sensor is able to generate some form of signal, gen-
erally an analog signal in the form of a voltage level or waveform. This
analog signal is sent to an analog-to-digital converter (ADC). Com-
monly using a process of successive approximation, the ADC maps
the analog input signal to a digital output. This digital value is com-
posed of a set of binary values called bits (often represented by Os
and 1s). The set of bits represents a decimal or hexadecimal number
that can be used by the microcontroller. The microcontroller consists
of a microprocessor plus memory and other attached devices. The
program in the microprocessor uses this digital value along with other
inputs and preloaded values called calibrations to determine output
commands. Like the input to the microprocessor, these outputs are in
digital form and can be represented by a set of bits. A digital-to-analog
converter (DAC) is then often used to convert the digital value into an
analog signal. The analog signal is used by an actuator to control a
physical device or affect the physical environment. The sensor then
takes new measurements and the process repeated, thus completing
a feedback control loop. Timing for this entire operation is synchro-
nized by the use of a clock.

A Home/Office Example

An example of a mechatronic system is the common heat-
ing/cooling system for homes and offices. Simple systems use a bi-
metal thermostat with contact points controlling a mercury switch that
turns on and off the furnace or air conditioner. A modern environmen-
tal control system uses these same basic components along with oth-
er components and computer program control. A temperature sensor
monitors the physical environment and produces a voltage level
(though generally not nearly such a smooth function).

After conversion by the ADC, the microcontroller uses the digitized
temperature data along with a 24-hour clock and the user requested
temperatures to produce a digital control signal. This signal directs the
actuator, usually a simple electrical switch in this example. The switch,
in turn, controls a motor to turn the heating or cooling unit on or off.
New measurements are then taken and the cycle is repeated. While
not a mechatronic product on the order of a camcorder, it is a mecha-
tronic system because of its combination of mechanical, electrical, and
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computer components. This system may also incorporate some addi-
tional features. If the temperature being sensed is quite high, say 80°C,
it is possible that a fire exists. It is then not a good idea to turn on the
blower fan and feed the fire more oxygen. Instead the system should
set off an alarm or use a data communication device to alert the fire
department. Because of this type of computer control, the system is
“smart,” at least relative to the older mercury-switch controlled systems.

Ve

G -0) IndnQ s 28amop

Temperature

An Automotive Example

A second example is the Antilock Braking System (ABS) found in
many vehicles. The entire purpose of this type of system is to prevent
a wheel from locking up and thus having the driver loose directional
control of the vehicle due to skidding. In this case, sensors attached to
each wheel determine the rotational speed of the wheels. These data,
probably in a waveform or time-varied electrical voltage, is sent to the
microcontroller along with the data from sensors reporting inputs such
as brake pedal position, vehicle speed, and yaw. After conversion by
the ADC or input capture routine into a digital value, the program in
the microprocessor then determines the necessary action. This is
where the aspect of human computer interface (HCI) or human ma-
chine interface (HMI) comes into play by taking account of the “feel” of
the system to the user. System calibration can adjust the response to
the driver while, of course, stopping the vehicle by controlling the
brakes with the actuators. There are two important things to note in
this example. The first is that, in the end, the vehicle is being stopped
because of hydraulic forces pressing the brake pad against a drum or
rotor—a purely mechanical function. The other is that the ABS, while
an “intelligent product,” is not a stand-alone device. It is part of a larg-
er system, the vehicle, with multiple microcontrollers working together
through the data network of the vehicle.
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Sensors and Actuators: Self-Study Section

12 For Questions 1 — 15, read the text below. Use the word giv-
en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) implementation

The critical focus themes in MEMS development
and (0) are rapid synthesis, design,
and prototyping through synergetic multi-
disciplinary system-level research in electrome-
chanics. In particular, MEMS devising, (1)
, Simulation, analysis, design and op-
timization, which is relevant to cognitive study,
classification, and synthesis must be performed.
As microtransducers and MEMS are devised, the
fabrication techniques and processes are devel-
oped and (2) out. Devising micro-
transducers is the closed (3) process
to study (4) system-level evolutions
based upon synergetic integration of microscale
structures and devices in the (5) func-
tional core. The ability to devise and optimize mi-
crotransducers to a large extent depends on the
(6) and integrity of mathematical
models. Therefore, mathematical models for dif-
ferent microtransducers were derived and ana-
lyzed. It is documented that microtransducer
modeling, analysis, simulation, and design must
be based on (7) reliable mathematical
models which nonlinear electromagnetic features.
It is important to (8) that the second-
ary (9) and effects, usually neglected
in conventional miniscale electromechanical mo-
tion devices (modeled using lamped-parameter
models and analyzed using finite element analy-
sis techniques) cannot be ignored. The (10)
processes were described to make
high-performance microtransducers.
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13 For Questions 1 — 10, read the text below and decide which
answer A, B, C or D best fits each gap.

Microprocessor Input—Output Control Polling and Interrupts

There are two basic methods for the microprocessor to control in-
put and output. These are polling and interrupts. Polling is (1)
that, the microprocessor periodically checking various
peripheral devices to determine if input or output is waiting. If a pe-

ripheral device has some input or output that (2) be
processed, a flag will be set. The (3) is that a lot of pro-
cessing time is (4) checking for inputs when they are

not changing.

Servicing an interrupt is an alternative method to control inputs
and outputs. In this method, a register in the microprocessor must
have set an interrupt enable (IE) bit for a particular peripheral (5)
. When an interrupt is initiated by the peripheral, a flag
is set for the microprocessor. The interrupt request (IRQ) line will go
active, and the microprocessor will service the interrupt. Servicing

an interrupt (6) that the normal processing of the mi-
croprocessor is (7) (i.e., interrupted) while the in-
put/output is completed. (8) resume normal pro-

cessing, the microprocessor needs to store the contents of its
registers before the interrupt is serviced. This process includes sav-
ing all active register contents to a stack, a part of RAM designated
for this purpose, in a process (9) as a push. (10)
a push, the microprocessor can then load the address
of the Interrupt Service Routine and complete the input/output.
When that portion of code is complete, the contents of the stack are
reloaded to the registers in an operation known as a Pop (or Pull)
and normal processing resumes.

1 Ajust B yet C only D quite

2 A ought B have C should D need

3 A problem B idea C way D point

4 A had B prolonged C spent D wasted

5 A hardware B set C device D equipment
6 A means Bis C intends D is aimed

7 A removed B prevented C halted D cancelled
8 A Because B Although C However D In order to
9 A known B made C called D identified
10 A Because of B After C When D As well as
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@ WRITING

14 Read the text, activity 3 again and write an annotation to it.

15 Study the information in the texts given below and show the
importance of one of these three programs, devices or tasks for
mechatronics. Let your assignment be 160 — 200 words.

Verification and Validation

Verification and validation are related tasks that should be com-
pleted throughout the life cycle of the mechatronic product or system.
Boehm in his book Software Engineering Economics (Prentice-Hall
1988) describes verification as “building the product right” while vali-
dation is “building the right product.” In other words, verification is the
testing of the software and product to make sure that it is built to the
design. Validation, on the other hand, is to make sure the software or
product is built to the requirements from the customer. As mentioned,
verification and validation are life cycle tasks, not tasks completed just
before the system is set for production. One of the simplest and most
useful techniques is to hold hardware and software validation and
verification reviews. Validation design reviews of hardware and soft-
ware should include the systems engineers who have the best under-
standing of the customer requirements. Verification hardware design
and software code reviews, or peer reviews, are an excellent means
of finding errors upstream in the development process. Managers may
have to decide whether to allocate resources upstream, when the er-
rors are easier to fix, or downstream, when the ramifications can be
much more drastic. Consider the difference between a code review
finding a problem in code, and having the author change it and
recompile, versus finding a problem after the product has been sold
and in the field, where an expensive product recall may be required.

Debuggers

Edsgar Dijkstra, a pioneer in the development of programming as
a discipline, discouraged the terms “bug” and “debug,” and considered
such terms harmful to the status of software engineering. They are,
however, used commonly in the field. A debugger is a software pro-
gram that allows a view of what is happening with the program code
and data while the program is executing. Generally it runs on a PC that
is connected to a special type of development microcontroller called an
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emulator. While debuggers can be quite useful in finding and correcting
errors in code, they are not real-time, and so can actually create com-
puter operating properly (COP) errors. However, if background debug
mode (BDM) is available on the microprocessor, the debugger can be
used to step through the algorithm of the program, making sure that the
code is operating as expected. Intermediate and final variable values,
especially those related to some analog input or output value, can be
checked. Most debuggers allow multiple open windows, the setting of
program execution break points in the code, and sometimes even the
reflashing of the program into the microcontroller emulator. An example
is the Noral debugger available for the Motorola HC12.

The software in the microcontroller can also check itself and its
hardware. By programming in a checksum, or total, of designated por-
tions of ROM and/or EEPROM, the software can check to make sure
that program and data are correct. By alternately writing and reading
0x55 and 0xAA to RAM (the “checkerboard test”), the program can
verify that RAM and the bus are operating properly. These startup
tasks should be done with every product operation cycle.

Logic Analyzer

A logic analyzer is a device for nonintrusive monitoring and test-
ing of the microcontroller. It is usually connected to both the microcon-
troller and a simulator. While the microcontroller is running its program
and processing data, the simulator is simulating inputs and displaying
outputs of the system. A “trigger word” can be entered into the logic
analyzer. This is a bit pattern that will be on one of the buses moni-
tored by the logic analyzer. With this trigger, the bus traffic around that
point of interest can be captured and stored in the memory of the ana-
lyzer. An inverse assembler in the analyzer allows the machine code
on the bus to be seen and analyzed in the form of the assembly level
commands of the program. The analyzer can also capture the analog
outputs of the microcontroller. This could be used to verify that the
correct PWM duty cycle is being commanded. The simulator can in-
troduce shorts or opens into the system, and then the analyzer is used
to see if the software correctly responds to the faults. The logic ana-
lyzer can also monitor the master loop of the system, making sure that
the system completes all of its tasks within a designated time, e.g., 15
ms. An example of a logic analyzer is the Hewlett Packard HP54620.
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UNIT 4
SYSTEMS AND CONTROLS: SECTION 1

LEAD-IN

1 Look at the figure and say what it shows. Then explain the
connection between all its components.

| feed
"| forward
+
setpaint - feedback N
- —» actuator » process »
generator controller Ba P
Sensor |g AD |4— sensor(s) |«
fusion
information domain power domain

2 Now read information about a mechatronic system and put
the sentences in the right order.

G. Power amplifiers convert signals into modulated
power.

H. In most cases the power supply is electrical, but
other sources such as hydraulic and pneumatic
power supplies are possible as well.

|.  This in contrast to the electronic part of the system
where information processing is the main issue.

J. A controlled mechanical motion system thus typical-
ly consists of a mechanical construction, one or
more actuators to generate the desired motions,
and a controller that steers the actuators based on
feed-forward and sensor-based feedback control.

K. Sensors convert the mechanical motions into elec-
trical signals where only the information content is
important or even into pure information in the form
of numbers (if necessary, through an AD converter).
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L. A mechatronic system consists by definition of a me-
chanical part that has to perform certain motions and
an electronic part (in many cases an embedded com- 1
puter system) that adds intelligence to the system.

M. In the mechanical part of the system power plays a
major role.

m) LISTENING

3 You are going to listen to an overview of control computers.
Before listening study these abbreviations and say what they
stand for.

ADC
CPU
DAC
DSP
LAN
LCD
LED
MFLOPS
MIPS
10 PC
11 PCB
12 WWW

©CoOo~NOOOAPSWN -

4  Listen to the recording and For Questions 1 — 15, choose the
correct mark T (true) or F (false) Correct the false statements.

1 Single-room mainframe computers and single-case minicomput-
ers were primarily used for scientific technical computing and fi-
nancial planning techniques.

2 High-level computer programming language COBOL was used
for operations with databases.

3 The invention of a universal central processing data unit in a sin-
gle chip was very important for the computer technology.

4  Before 1981, multi-boxes (desktop or tower case, monitor, key-
board, mouse) or single-box (notebook) microcomputers became
a daily-used personal tool.
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5

Now not many embedded microcomputers are hidden in technical
products.

Code and data memories are split embedded microcomputers ar-
chitecture.

Nonvolatile memory stores firmware (program code).

Hard disks and vacuum tube monitors replace memory cards or
LED segment displays or LCDs.

Flexibility of the devices brings programmability to embedded mi-
crocomputers.

Central processing unit is integrated with code memory, data
memory, clock generator, and a diverse set of peripheral circuits.
DSPs are specialized embedded microprocessors.

DSPs computing architecture is not parallel.

DSPs have floating point instruction set optimized for discrete
transformations.

Digital signal processor is used for sound processing/generation
and is not used for vector control of AC motors.

PCs architecture and operating systems make PCs useful for
computing-intensive measurement.

Listen to the recording again and describe the following dia-

gram of a microcontroller.

. MICROCONTROLLER

CODE DATA
MEMORY MEMORY
F F 3
CLOCK
GENERATOR[ T CPU
: | PERIPHERAL :
; CIRCUITRY :
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READING

6 For Questions 1 — 8 read the text below and decide which
answer A, B or C best fits each gap.

Introduction to Microelectronics

The field of microelectronics has changed dramatically during the
last two decades and digital technology has governed most of the ap-
plication fields in electronics. The design of digital systems is support-
ed by thousands of different integrated circuits supplied by many
manufacturers across the world. This makes both the design and the
production of electronic products much easier and cost effective. The
permanent growth of integrated circuit speed, scale of integration, and
reduction of costs have resulted in digital circuits being used instead
of classical analog solutions of controllers, filters, and (de)modulators.

The growth in computational power can be demonstrated with the
following example. One single chip microcontroller has the computa-
tional power equal to that of one 1992 vintage computer notebook.

This single-chip microcontroller has the computational power
equal to four 1981 vintage IBM personal computers, or to two 1972
vintage IBM 370 mainframe computers.

Digital integrated circuits are designed to be universal and are
produced in large numbers. Modern integrated circuits have many
upgraded features from earlier designs, which allow for “user-
friendlier” access and control. As the parameters of Integrated cir-
cuits (ICs) influence not only the individually designed IC, but all the
circuits that must cooperate with it, a roadmap of the future devel-
opment of IC technology is updated every year. From this roadmap
we can estimate future parameters of the ICs, and adapt our de-
signs to future demands. The relative growth of the number of inte-
grated transistors on a chip is relatively stable. In the case of
memory elements, it is equal to approximately 1.5 times the current
amount. In the case of other digital ICs, it is equal to approximately
1.35 times the current amount.

In digital electronics, we use quantities called logical values in-
stead of the analog quantities of voltage and current. Logical variables
usually correspond to the voltage of the signal, but they have only two
values: log.1 and log.0. If a digital circuit processes a logical variable,
a correct value is recognized because between the logical value volt-
ages there is a gap. We can arbitrarily improve the resolution of sig-
nals by simply using more bits.
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U[V] upper boundary of log. 1
typical log 1

bottom boundary of log. 1
decision

upper boundary of log. 0
typical log 0 voltage level

bottom boundary of log. 0

1 Which of the following is right?
A electronics technology has controlled most of digital applica-
tions
B electronics technology has controlled most of the fields in digital
applications
C most electronics applications are controlled by digital technology

2 Different integrated circuits
A make both the design and the production of electronic products
much easier and cost effective
B which support the design of digital systems, do not affect the
production of electronic products cost effectiveness
C which are supplied by many manufacturers across the world is
irrelevant to the design of digital systems

3  Which of the following is right?

A reduction of costs, scale of integration, and growth of integrated
circuit speed led to the replacement of digital circuits by classi-
cal analog solutions

B reduction of costs, scale of integration, and growth of integrated
circuit speed led to the replacement of classical analog solu-
tions by digital circuits

C classical analog solutions of controllers, filters, and
(de)modulators have resulted in permanent growth of integrat-
ed circuit speed

4 A computer notebook
A is equal to computational power of one single chip microcontroller.
B is equal to one single chip microcontroller of 1992.
C of 1992 had the computational power equal to one modern sin-
gle chip microcontroller.
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5  Which of the following is right?
A Modern single-chip microcontroller has the computational pow-
er equal to four 1972 vintage IBM 370 mainframe computers.
B Two 1972 vintage IBM 370 mainframe computers had the com-
putational power equal to one single-chip microcontroller.
C Modern single-chip microcontroller has the computational pow-
er equal to one 1972 vintage IBM 370 mainframe computers.

6 Many

A upgraded features from earlier designs are used in up-to-date in-
tegrated circuits, which allow “user-friendlier” access and control.

B earlier features from contemporary designs are used in up-to-
date integrated circuits, which allow “user-friendlier” access and
control.

C up-to-date features from earlier designs are used in modern inte-
grated circuits, which allow “user-friendlier” access and control.

7 In digital electronics
A logical values are used instead of voltage and current.
B voltage and current of logical values are used.
C logical values use analog quantities of voltage and current.

8 Ina digital circuit
A a correct value is recognized because there is a gap in digital
circuit.
B a gap is recognized between logical variable.
C a correct value is recognized because a gap is between the
logical value voltages.

VOCABULARY AND GRAMMAR

Word formation: prefixes

While reading you may come across unfamiliar words and it is of-
ten possible to guess their meanings if you understand the way words
are generally formed in English. An English word can be divided into
three parts:
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Prefixes change the meaning of the word. Suffixes change the
word from one part of speech to another.

Prefixes
|
Negative .
éqnd Size Location Ui Sl Number Other
i order prefixes
positive
un-  dis- semi- inter- ante- semi- hex- pro-
in-  anti- equi- super- pre- mono- sept(em)-  auto-
im- de- mini- trans- prime- bi- oct- co-
il under- micro- ex- post- tri- dec- con-
ir- re- macro- extra- retro- quad-  multi-
non- over- mega- sub- penta-
mis- infra-
mal- peri-

7  Study these tables and complete them with the examples on
the topic “mechatronics.”

Group 1 Prefix Meaning Example
Negative un-
in-
im- not
il-
ir-
non- not connected with
mis-
mal- bad, wrong misalignment
dis-
anti- opposite feeling\action
de- against
under- reduce, reverse antiblooming
too little
Positive re- do again

over- too much

Group 2 Prefix Meaning Example
semi- half, partly
equi- equal
mini- small
micro- very small microprocessor
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macro- large, great
mega-

Group 3 Prefix Meaning Example
inter- between, among
super- over
trans- across
ex- out
extra- beyond extrapolation
sub- under
infra- below
peri- around

Group 4 Prefix Meaning Example
ante- before
pre- first
prime- after primary
post- backward
retro-

Group 5 Prefix Meaning Example
semi- half semicircle
mono- one
bi- two
tri- three
quad- four quadrature
penta- five
hex- Six
sept(em)-  seven
oct- eight
dec- ten
multi- many

Group 6 Prefix Meaning Example
pro- before, in advance, for-
auto- ward automatic
co- self
con- together, with
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8

For questions 1-13 fill in the gaps in the sentences with the

correct prefix from the box.

11.

12.

semi anti nano under
inter (2) self over
im multi micro (2)

processors can be used as a kernel of a control system.

possibility of an effective control algorithms realization was
the main obstacle of Mechatronics approach development.

water robot is an example of a mechatronics system.

technology allows to achieve great results in the field of ac-
tuators miniaturization.

lock braking system is one of examples of mechatronics
implementation.

action between mechanical, electronic and algorithmic com-
ponents determines success of creating a mechatronics system.

-adjustment is an effective way of the regulators organization.

shoot is one of the important characteristics of a closed
loop system.

conductors had revolutionized electronics.
In practice the majority of industrial control systems can be de-
scribed as loop systems.

sensors are a perspective direction of development of
mechatronics element base.

connection of the mechatronics system parts is based on
the synergetic approach.

&SPEAKING

9
ma

ONO AP, WN -

Choose any area of systems and controls given below and

ke areport on it.

Typical Control Loop

Robust Control Definition

Modeling of Control systems

Available tools and techniques developed for robust control systems
Hard Real-Time Systems versus Soft Real-Time Systems

A Brief History of Automatic Control

The Philosophy of Classical Control

The Philosophy of Modern Control
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10 Make up dialogues using one of the situations given.

1  Student A: You are a scientist, whose task is to write the article
“Role of Microprocessors and Microcontrollers in Creating Mecha-
tronics systems” and take part in a conference devoted to this
topic. Ask your colleague to assist you in this task.

Student B: You are a scientist, too. You were asked to take part
in a conference as a co-author. Together with your colleague dis-
cuss the plan of your report.

2 Student A: You are a student of Computer Science faculty. Your
home task was to make a research on the topic “Studies of Clas-
sical Control in Russia and abroad.”

Student B: You are a teacher of Mechatronics. Check your stu-
dent’s research results.

3 Student A and Student B: You are teachers of Mechatronics.
Soon you'll act as examiners. Formulate some questions on the
subject “Mechanics Control Systems” and give students short an-
swers to the questions.

4 Student A: You are an extra-mural student. As a topic of a
coursework, you’ve chosen the sphere of Robotechnics. Ask your
friend to help you.

Student B: You are a graduate student of Computer science.
Help Student A with his task.

Systems and Controls: Section 2
READING

11 Before reading the text study the abbreviations below and
say what they stand for.

FPU
ISP
UART
RTC
ENOB
FPGA
PLC
LD
SFC
FBD

OOVWOoONOOTPA,WN=

—
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12 Read the texts, activity 13 and check your answers.

13 Read these texts and briefly describe importance of the sub-
jects for design and implementation of Mechatronics systems.

Microprocessors and Microcontrollers

There is no strict border between microprocessors and microcon-
trollers because certain chips can access external code and/or data
memory (microprocessor mode) and are equipped with particular pe-
ripheral components.

Some microcontrollers have an internal RC oscillator and do not
need an external component. However, an external quartz or ceramic
resonator or RC network is frequently connected to the built-in, active
element of the clock generator. Clock frequency varies from 32 kHz
(extra low power) up to 75 MHz.

Another auxiliary circuit generates the reset signal for an appro-
priate period after a supply is turned on.

Watchdog circuits generate chip reset when a periodic retriggering
signal does not come in time due to a program problem. There are sev-
eral modes of consumption reduction activated by program instructions.

Complexity and structure of the interrupt system (total number of
sources and their priority level selection), settings of level/edge sensi-
tivity of external sources and events in internal (i.e., peripheral)
sources, and handling of simultaneous interrupt events appear as
some of the most important criteria of microcontroller taxonomy.

Although 16- and 32-bit microcontrollers are engaged in special,
demanding applications (servo-unit control), most applications employ
8-bit chips. Some microcontrollers can internally operate with a 16-bit
or even 32-bit data only in fixed-point range—microcontrollers are not
provided with floating point unit (FPU). New microcontroller families
are built on RISC (Reduced Instruction Set) core executing due to
pipelining one instruction per few clock cycles or even per each cycle.

One can find further differences in addressing modes, number of
direct accessible registers, and type of code memory (ranging from 1
to 128 KB) that are important from the view of firmware development.

Flash memory enables quick and even in-system programming
(ISP) using 3—-5 wires, whereas classical EPROM makes chips more
expensive due to windowed ceramic packaging. Some microcontrol-
lers have built-in boot and debug capability to load code from a PC in-
to the flash memory using UART (Universal Asynchronous Receiv-
er/Transmitter) and RS-232C serial line. OTP (One Time
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Programmable) EPROM or ROM appear effective for large production
series. Data EEPROM (from 64 B to 4 KB) for calibration constants,
parameter tables, status storage, and passwords that can be written
by firmware stand beside the standard SRAM (from 32 B to 4 KB).

The range of peripheral components is very wide. Every chip has
bidirectional 1/0 (input/output) pins associated in 8-bit ports, but they
often have an alternate function. Certain chips can set an input deci-
sion level (TTL, MOS, or Schmitt trigger) and pull-up or pull-down cur-
rent sources. Output drivers vary in open collector or tri-state circuitry
and maximal currents.

At least one 8-bit timer/counter (usually provided with a prescaler)
counts either external events (optional pulses from an incremental po-
sition sensor) or internal clocks, to measure time intervals, and period-
ically generates an interrupt or variable baud rate for serial communi-
cation. General purpose 16-bit counters and appropriate registers
form either capture units to store the time of input transients or com-
pare units that generate output transients as a stepper motor drive
status or PWM (pulse width modulation) signal. A real-time counter
(RTC) represents a special kind of counter that runs even in sleep
mode. One or two asynchronous and optionally synchronous serial in-
terfaces (UART/USART) communicate with a master computer while
other serial interfaces like SPI, CAN, and | 2 C control other specific
chips employed in the device or system.

Almost every microcontroller family has members that are provided
with an A/D converter and a multiplexer of single-ended inputs. Input
range is usually unipolar and equal to supply voltage or rarely to the on-
chip voltage reference. The conversion time is given by the successive
approximation principle of ADC, and the effective number of bits (ENOB)
usually does not reach the nominal resolution 8, 10, or 12 bits.

There are other special interface circuits, such as field program-
mable gate array (FPGA), which can be configured as an arbitrary dig-
ital circuit.

Microcontroller firmware is usually programmed in an assembly
language or in C language. Many software tools, including chip simu-
lators, are available on websites of chip manufacturers or third-party
companies free of charge. A professional integrated development en-
vironment and debugging hardware (in-circuit emulator) is more ex-
pensive (thousands of dollars). However, smart use of an inexpensive
ROM simulator in a microprocessor system or a step-by-step devel-
opment cycle using an ISP programmer of flash microcontroller can
develop fairly complex applications.
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Programmable Logic Controllers

A programmable logic controller (PLC) is a microprocessor-based
control unit designed for an industrial installation (housing, terminals,
ambient resistance, fault tolerance) in a power switchboard to control
machinery or an industrial process. It consists of a CPU with memories
and an /O interface housed either in a compact box or in modules
plugged in a frame and connected with proprietary buses. The compact
box starts with about 16 1/O interfaces, while the module design can
have thousands of I/O interfaces. Isolated inputs usually recognize in-
dustrial logic, 24 V DC or main AC voltage, while outputs are provided
either with isolated solid state switches (24 V for solenoid valves and
contactors) or with relays. Screw terminal boards represent connection
facilities, which are preferred in PLCs to wire them to the controlled sys-
tems. 1/O logical levels can be indicated with LEDs near to terminals.

Since PLCs are typically utilized to replace relays, they execute
Boolean (bit, logical) operations and timer/counter functions (a finite
state automaton). Analog I/O, integer or even floating point arithmetic,
PWM outputs, and RTC are implemented in up-to-date PLCs. A PLC
works by continually scanning a program, such as machine code, that
is interpreted by an embedded microprocessor (CPU). The scan time
is the time it takes to check the input status, to execute all branches
(all individual rungs of a ladder diagram) of the program using internal
(state) bit variables if any, and to update the output status.

The scan time is dependent on the complexity of the program
(milliseconds or tens of msec). The next scan operation either follows
the previous one immediately (free running) or starts periodically.

000.00  000.01

| — | T
000
#0050 Example of PLC ladder diagram:

000.xx/ 010.xx—address group of
inputs/outputs, TIMOOO-timer de-
lays 5 s. 000.00—normally open
| | O—l input contact, 000.02— normally
closed input contact.

TIMOOO 010.00

TIMOOO 000.02 010.01

| —+—OH
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Programming languages for PLCs are described in IEC-1131-3 no-
menclature:

LD-ladder diagram

IL—instruction list (an assembler)

SFC—sequential function chart (usually called by the proprietary name
GRAFCET)

ST-structured text (similar to a high level language)

FBD—function block diagram

PLCs are programmed using cross-compiling and debugging tools
running on a PC or with programming terminals (usually using IL),
both connected with a serial link. Remote operator panels can serve
as a human-to-machine interface. A new alternate concept (called
SoftPLC) consists of PLC-like I/O modules controlled by an industrial
PC, built in a touch screen operator panel.

Systems and Controls: Self Study Section

14 For questions 1 — 15, read the text below. Use the word given
in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) composed

Digital Logic

Digital circuits are (0) of logic COMPOSITION
gates, such as elementary electronic circuits (1) OPERATE
in only two states. These gates oper-

ate in such a way that the resulting (2) LOGIC

value corresponds to the resulting value of the

Boolean algebra (3) . This means that STATE

with the help of gates we can (4) every REALIZATION
logical and arithmetical operation. These opera-

tions are performed in (5) circuits for COMBINE
which the resulting value is (6) only on

the actual state of the inputs variables. Of course, DEPEND
logic gates are not enough for automata (7)
. For creating an automaton, we also CONSTRUCT

need some (8) elements in which we MEMORISE
capture the responses of the arithmetical and logi-
cal blocks.
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A (9) scheme of a digital finite
state automaton is given in figure below. The au-
tomata can be constructed from standard ICs con-
taining logic gates, more (10) combina-
tional logic blocks and registers, counters,
memories, and other standard (11) ICs
(12) on a printed circuit board. Another
possibility is to use application specific integrated
circuits (ASIC), either (13) or full cus-
tom, for a more advanced design. This approach is
(14) for designs where fast hardware
solutions are preferred. Another possibility is to
use microcontrollers that are designed to serve as
universal automata, which function can be (15)

by memory programming.

X—input binary vector
Y—output binary vector
Q—-internal state vector

TYPE

COMPLEXITY

SEQUENCE
ASSEMBLY

PROGRAM
SUIT

SPECIFY

X Y
Xo _ﬂ_> Combinational Memory ﬁp Combinational » Yo
Logic —pp1 Elements Logic
x1 b b Y‘l
4 ﬁ
X Jd—»
E—
=g
> > » Y
q. T
g
%o \

QU

15 Read the terms from the texts, activity 13 and give defini-

tions to them.
1 16-bit counter
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2  A/D converter

3 addressing mode

4  asynchronous receiver

5 clock frequency

6 complexity

7  data memory

8 debugging hardware

9 flash memory

10 interrupt event

11 isolated input

12 ladder diagram

13 logic controller

14 peripheral component

15 ROM simulator
screen operator panel

@ WRITING

16 Read the text from activity 9 again and write an annotation to it.

17 Study the diagram which shows the example of multilayer
communication and describe the process of data transmission.

TRANSMITTER RECEIVER
Application Data Application Data
ENCODING DECODING
FORMATTING DE-FORMATTING
MODULATION DEMODULATION

v Link or
PHYSICAL Channel | pHysICAL
INTERFACE - INTERFACE
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UNIT 5
COMPUTERS AND LOGIC SYSTEMS: SECTION 1

LEAD-IN

1 In pairs or groups of three give
explanation to the term ‘logic sys-
tem.’

2 Look at the picture which shows
a human computer. And answer the
guestions below.

1 What is a human computer?

2 What is special about it?

3 What is special about any logic system?

4 What is the role of logic systems in mod-
ern science?

5 in 5 What are the future predictions about log-

‘. icin computers?

3 In pairs or groups of three complete the mind map below
with your associations, then compare your maps open-class. Ex-

plain your choice.

LOGIC SYSTEMS

-
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"{m LISTENING

4 Read the text below and put the sentences in the right order.
Then listen to the recording and check your answers. The first
sentence is already marked for you. There is one extra sentence
which should not be used.

A These actuators can also be regarded as a variable
capacitance type, since they operate in an analogous
mode to variable reluctance type electromagnetic ac-

tuators (e.g., variable reluctance stepper motors). 1] J

B The rotor of the wobble motor operates by rolling
along the stator, which provides an inherent harmon-
icdrive-type transmission and thus a significant trans-

mission ratio (on the order of several hundred times). | 2 |

C The maximum achievable stroke in a comb drive is

limited primarily by the mechanics of the flexure | 3 |

suspension.

D Electrostatic actuators have been developed in both | 4 |

linear and rotary forms.

E The two most common configurations of the linear

type of electrostatic actuators are the normal-drive | 5 |

and tangential or comb-drive types.

F The typical stroke of a surface micromachined

comb actuator is on the order of a few microns, | 6 |

though sometimes less.

G The most common configurations of rotary electro-

static actuators are the variable capacitance motor | 7 |

and the wobble or harmonic drive motor.

H Useful levels of torque for most applications there-
fore require some form of significant micromechani-

cal transmission, which do not presently exist. | 8 |

|  The suspension should be compliant along the di-
rection of actuation to enable increased displace-
ment, but must be stiff orthogonal to this direction to

avoid parallel plate contact due to misalignment. |9 |
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J  The most widely utilized multicomponent microactua-

tors are those based upon electrostatic transduction. | 10 |

K  The drawback to this approach is that the rotor mo-
tion is not concentric with respect to the stator,

which makes the already difficult problem of cou- | 11 |

pling a load to a micro-shaft even more difficult.
L The net effect is that increased displacement re-

quires increased plate separation, which results in | 12 |

decreased overall force.
M Note that the rotor must be well insulated to roll

along the stator without electrical contact. 13 |

N Both motors operate in a similar manner to the |14 |

comb-drive linear actuator.

O These modes of behavior are unfortunately cou-
pled, so that increased compliance along the direc-

tion of motion entails a corresponding increase | 15 |

in the orthogonal direction.

P The variable capacitance motor is characterized |16 |

by high-speed low-torque operation.
VOCABULARY AND GRAMMAR

Word formation: suffixes

As it was said in the previous unit, suffixes change the word
from one part of speech to another.

Suffixes
|
Nouns Verbs Adjectives Adverbs
-ance -ion -ize -al  -ous -ly

-ence -ing -ate -ar -ful
-or,-er  -ment -fy -ic  -less
-ist, -yst -ity -en -ical  -ish
-ian -ism -ify -able -ed
-tion, -ation -dom -ible  -ive

-ness -ship
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5 Study these tables and complete them with the examples on
the topic “mechatronics.”

Group 1 Suffix Meaning Example
-ance state
-ence quality of
-or,-er a person who\a thing
-ist, -yst which
-ian a person who
-tion, -ation pertaining to
-ness the act of
-ion condition of
-ing action\state
-ment activity measurement
-ity state action
-ism state, quality
-dom condition\state freedom
-ship domain\condition
condition\state
Group 2 Suffix Meaning Example
-ize
-ate indicate
-fy to make
-en
-ify
Group 3 Suffix Meaning Example
-al
-ar
-ic having the quality of
-ical technical
-ed
-ive
-able capable of being
-ible
-0us like, full of
-ful characterized by
-less without useful
-ish like
Group 4 Suffix Meaning Example
-ly In the manner of
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6 For Questions 1-10, fill in the gaps in the sentences with the
correct suffix from the box.

ment ity (2) ance ist
ation ship ing ion ic

1  Measure of signals is very important for control tasks.

2  Sensitiv of sensors of mechatronics system should be high.

3 Perform of monitoring allows carrying out the operative
control of mechatronics system.

4  Mechatronics special should use the newest technical
achievements.

5  Miniaturiz of computers gives big advantages.

6 Stabil of system work is highly determined by the quali-
ty of control.

7 Hard of mechatronic solutions realization has been
overcome.

8 Information process is of particular importance in

mechatronics system.

9 Nanotechnology is a branch of technology dealing with the manu-
facture of objects with dimensions of less than 100 nanometres
and the manipulat of individual molecules and atoms.

10 Semiconductor is used in optoelectronics for mechatron
system design.

&SPEAKING

7 Study the following Input—output configuration of a meas-
urement system. Then explain the connection between all the
components in it.

Output component due to
; Interfering input = interfering input and iy
/] > /
' 3
1
Fm.i
s . +y
. Moditying input [ Qa 0
IM -
1 F Output
Fump
I
H
o ¥
. Desired input
iD > Fp
Qutput component due to
desired input and iy,

75




8 Divide into pairs. Choose any five terms from activities 1 — 7
and give definitions of these terms for your partner to guess the
words.

Computers and Logic Systems: Section 2
READING

9 You are going to read the text “The Mechatronic Use of
Computers”. But before reading it, study the abbreviations below
and say what they stand for.

ALU
DSP
MAC
ASIC
A/D
D/A

OOk, WN -

10 Read the first part of the text below and say what the mech-
atronic use of computers is. Then give your own examples of this
way of using computers.

The Mechatronic Use of Computers

Mechatronics is the synergistic combination of mechanical engi-
neering, electronics, control systems, and computers. The key ele-
ment in mechatronics is the integration of these areas through the de-
sign process. Synergism and integration in design set a mechatronic
system apart from a traditional, multidisciplinary system.

In a mechatronic system, computer, electronic, and control
technology allow changes in design philosophy, which lead to better
performance at lower cost: accuracy and speed from controls, effi-
ciency and reliability from electronics, and functionality and flexibility
from computers. Automotive engine control systems are a good ex-
ample. Here a multitude of sensors measure various temperatures,
pressures, flow rates, rotary speeds, and chemical composition and
send this information to a microcomputer. The computer integrates
all this data with preprogrammed engine models and control laws
and sends commands to various valves, actuators, fuel injectors,
and ignition systems so as to manage the engine’s operation for an
optimum combination of acceleration, fuel economy, and pollution
emissions.
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In Mechatronics, balance is paramount. The essential character-
istic of a Mechatronics engineer and the key to success in Mechatron-
ics design is a balance between two sets of sKills:

e Modeling (physical and mathematical), analysis (closed-form and
numerical simulation), and control design (analog and digital) of
dynamic physical systems

e Experimental validation of models and analysis and understand-
ing the key issues in hardware implementation of designs

In mechatronic systems, computers play a variety of roles. First,
computers are used to model, analyze, and simulate mechatronic sys-
tems and mechatronic system components and, as such, are useful
for control design. Second, computers, as part of measurement sys-
tems, are used to measure the performance of mechatronic systems,
to determine the value of component parameters, and to experimen-
tally validate models. Finally, computers or microcomputers form the
central component in digital control systems for mechatronic designs.
Thus, computers play an essential role in the two essential character-
istics of the Mechatronics balance and comprise a key component to
mechatronic system designs.

11 Read the second part of the text about the Mechatronics and
the Real-Time Use of Computers and for Questions 1 — 12, fill the
gaps with one of the words from the box below.

drift analog/digital disturbances
functionality delays estimate
algorithm sampler interlock
dedicated rotate discrete

We turn to the field of closed-loop control using a digital computer
as the controller. Several comments are in order. First, a mechatronic
system typically involves continuous variables. Elements (1)
or translate in space. Fluids or gasses flow. Heat or
energy is transferred. Computers are, by their nature, digital elements.
Variables are represented in a computer by discrete values or simply
by collections of zeroes and ones. For a computer to be used as the
controller for a mechatronic system, therefore, the continuous variables
must be converted to (2) variables for processing
and then back again to continuous variables. This might seem obvious.
What is not so apparent is that the computer algorithm forms an inher-
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ent separation between the processing of the signals and the signals
themselves, which is not true of other mechatronic system compo-
nents. Even if digital logic elements are used the signals are converted
to discrete form, but the flow of information is still continuous through
the elements. When a computer is used for the control element, this in-
formation flow is broken and buried in the computer algorithm.

Other issues are involved when the mechatronic system control-
ler is implemented in software. Software execution is often asynchro-
nous to the other time constants in the system (i.e., the software exe-
cution and system response are often not synchronized). Software
can be made synchronous by syncing it to the (3)
period, but this typically limits performance and is difficult if the com-
puter is to be used for other tasks than control. Once a computer is
contained as an element in a mechatronic system, there is a tendency
to use some of the processing power to provide additional (4)
or ease of use for the product. This additional code
can affect, sometimes adversely, the operation of the real time con-
troller execution. Testing of the code and safety of the code are also
issues. The engineer has to determine that his system operates de-
terministically and safely for all possible combinations of input signals
and for all possible states in the execution of the (5)
. For real-time systems, execution order for the
code is often not predictable since it can be dependent on the particu-
lar combination of input signals. Simplicity of the code, providing for
testability of the code, using established software quality assurance
practices, and developing extensive documentation are ways to
achieve system determinism and safety. Often, a hardware (6)
, that is, a safety system utilizing electronic or me-
chanical hardware, is often included in software controlled systems.

In digital devices, it is simply the presence (logical 1) or absence
(logical 0) of a voltage within some wide range that matters; the pre-
cise value of the signal is of no consequence. Digital devices are
therefore very tolerant of noise voltages and need not be individually
very accurate, even though the overall system can be extremely accu-
rate. When combined (7) systems are used, the
digital portions need not limit system accuracy; these limitations gen-
erally are associated with analog portions and/or the analog-to-digital
(A/D) conversion devices. Since most mechatronic systems are ana-
log in nature, it is necessary to have both A/D converters and digital-
to-analog (D/A) converters, which serve as translators that enable the
computer to communicate with the outside analog world.
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The current trend toward using (8) , computer-

based, and often decentralized (distributed) digital control systems in
mechatronic applications can be rationalized in terms of the major ad-
vantages of digital control:

Digital control is less susceptible to noise or parameter variation
in instrumentation because data can be represented, generated,
transmitted, and processed as binary words, with bits possessing
two identifiable states.

Very high accuracy and speed are possible through digital pro-
cessing. However, hardware implementation is usually faster than
software implementation. Determining the time required to develop
a system in software is notoriously difficult to (9)
Digital control can handle repetitive tasks extremely well, through
programming.

Complex control laws and signal conditioning methods that might be
impractical to implement using analog devices can be programmed.
Very sophisticated algorithms can be implemented digitally.

High product reliability can be achieved by minimizing analog
hardware components and through decentralization using dedi-
cated computers for various control tasks.

Digital systems are more easily “programmed” and offer the abil-
ity to time-share a single processing unit among a number of dif-
ferent functions.

Large amounts of data can be stored using compact high-density
data storage methods.

Data can be stored or maintained for very long periods of time
without (10) . and without being affected by
adverse environmental conditions. Digital control has easy and
fast data retrieval capabilities.

Fast data transmission is possible over long distances without in-
troducing dynamic (11) , as in analog systems.
Digital processing uses low operational voltages (e.g., 0-12 VV DC).

Digital control has low overall component cost.

Further, from the standpoint of the mechatronic product, the in-

clusion of a computer means that additional system functions can be
provided. The user can select from a range of operations. Additional
features can be included. A user interface providing indications of op-
eration can be added with minimal cost.

In a feedback system, the analog signal coming from the sensor

contains useful information related to controllable disturbances (rela-
tively low frequency), but also may often include higher frequency
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“noise” due to uncontrollable (12) (too fast for con-
trol system correction), measurement noise, and stray electrical pickup.
Such noise signals cause difficulties in analog systems and low-pass
filtering is often needed to allow good control performance. The phase
shift from this filter also adversely affects control system stability.

12 Read the third part of the text. Seven sentences have been
removed from it. Choose the most suitable sentence from the list
A-H for each part (1-7) of the text. There is one extra sentence
which you do not need to use.

L0 | C |

If a signal containing high frequencies is sampled too infrequent-
ly, the output signal of the sampler contains low-frequency (“aliased”)
components not present in the signal before sampling. This is illus-
trated in fig. 5.1.

L1 |

From the standpoint of the controller, there is no way for the sys-
tem to distinguish which signal is present. If we base our control ac-
tions on these false low-frequency components, they will, of course,
result in poor control.

T

ERENEN

0.4

/1

o
w

o
o

o
—~

|
©
—

amplitude: analog and sampled signals
S
(M) o
T~
/

|
o
w

T
~

NistanaAA .m\m/U/ilJu

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time (s)

Fig. 5.1. Simulation of continuous and sampled signal: aliasing
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The theoretical absolute minimum sampling rate to prevent alias-
ing is two samples per cycle; however, in practice, rates of about 10
are more commonly used.

L2 | |

In all of the above, the word computer was used for the digital
processing element. In electronics literature, a distinction is usually
drawn between a microprocessor, microcomputer, DSP, and comput-
er. There is no standard for what each of these terms can mean, but
some insight can be gained by examining fig. 5.2, which is a general
block diagram for a computer.

Arithmetic
cPU Logic Unit
(ALU)

Input 1 Control » Output
4

v

Storage
(memory)

Fig. 5.2. Elements of a computer

All computers have a means of getting input, a means of generat-
ing output, a means of controlling the flow of signals and operations,
memory for data storage, and an arithmetic logic unit (ALU) which ex-
ecutes the instructions. The ALU and control elements are often called
the central processing unit (CPU).

L3 | |

Memory for these computers is often attached to the micropro-
cessor but in distinct electronic packages. Input and output to the mi-
croprocessor is often handled by electronics called peripherals. If the
memory is included in the same package, the computer is called ei-
ther a microcomputer or computer depending on its physical size.
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[ 4 | |

A single electronics package can contain many “chips,” which are
connected by fine wires within the package. The overall package is still
called a chip. Finally, if the A/D and D/A functions are provided in the
same package, the computer is often called a DSP. However, these func-
tions can also be contained in something which is called a microcomputer.
DSPs are also computers which have a special instruction in the ALU
called a multiply-accumulate (MAC) instruction even if the A/D and D/A are
not present. Digital signal processing algorithms often involve MAC in-
structions and a computer, which can execute this instruction very effec-
tively (in one instruction cycle of the computer), and are often called DSPs.

.5 | |

These devices can be custom made to perform a specific opera-
tion (such as a PID algorithm). ASICs can contain a CPU or memory
or peripheral functions or even a MAC cell as part of its makeup. Dia-
grams like the one shown in fig. 5.2 often accompany the electronic
component so the internal capabilities can be determined.

. 6 | |

Control
Address Dala Address Data
register register register register

I R S

Program Data
Memory Memory

Fig. 5.3. Computer memory organization

It is shown in fig. 5.3. This representation is meant to be pictorial
rather than to define a specific computer architecture. In a von Neu-
mann architecture, for example, the program memory and data
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memory share the same space and information busses. Whereas in a
Harvard architecture, program memory and data memory are distinct
(looking more like the figure). In either case, for a mechatronic sys-
tem, one can think of the program (in program memory) as the set of
instructions which tells the CPU how to manipulate data (in data
memory) to produce an output. This view should emphasize the earli-
er point that the flow of signals in a mechatronic system becomes con-
fused if a computer is to be used for real-time control.

Because of the low cost of modern microcomputers, the use of
logic elements as discrete components in a mechatronic system has
diminished.

L7 ] |

In analyzing this logic, of course, any of the traditional methods
can be employed.

A To further complicate the situation, electronic devices called ap-
plication specific integrated circuits (ASICs) exist.

B  Small computers, which just contain a CPU, are often called mi-
Croprocessors.

C In digital systems, a phenomenon called aliasing introduces some
new aspects to the area of noise problems.

D Memory in a computer can often be divided between program
space and data space

E ASICs are also used to implement logic functions.

F If the higher frequency signal is sampled too infrequently, the re-
sult will be exactly the same values as the low frequency signal.

G CPU and memory on a single electronics chip is often called a
microcomputer.

H A high-frequency signal, inadequately sampled, can produce a
reconstructed function of a much lower frequency, which cannot
be distinguished from that produced by adequate sampling of a
low-frequency function.

I Microcomputers are often programmed to perform logic functions,
which has the advantage that the operation can be altered in
software rather than requiring electronic hardware changes.

13 Now read the text, activities 10, 11 and 12 again and answer
the questions below.

1 What is the aliasing phenomenon?
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10

11

12

13

Which type of digital control systems implementation (hardware
or software) is faster in general case?

Why is it possible to use modern microcomputers instead of logic
elements in mechatronic system?

What is the difference between a von Neumann architecture of
computer memory organizations and a Harvard one?

Why are the Digital devices very tolerant to noise signal level?
Why is it necessary to have both analog-to-digital (A/D) and digi-
tal-to-analog (D/A) converters in mechatronic control systems?
What type of signal is more preferable to use for fast data trans-
mission over long distances? Why?

Why is low-pass filtering necessary in analog systems to allow
good control performance?

What are the main parts of computer unit in mechatronic sys-
tems?

What does an asynchronism in software execution of a mecha-
tronic system controller mean?

Is it possible to improve the software asynchronism situation?
Why is it not always suitable?

Why does the information flow break in a computer algorithm,
when the computer is used for the control element?

What is the role of computers in mechatronic systems?

Computers and Logic Systems: Self Study Section

14

For Questions 1 — 15, read the text below. Use the word giv-

en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) embedded

PLCs and (0) .controllers are com- EMBED

plementary  technologies and, when (1) APPLICATION

. strategically, they will both provide low

cost and reliable (2) . to control prob- SOLVE
lems. In general, an embedded -controller (3)

. more initial development time than a REQUIREMENT

PLC for a simple system. As the system (4)

. more complex, the embedded control- GROWTH

ler benefits from the (5) . of software li- EXIST
braries and design tools. When (6) .a USE
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PLC the cost of the purchased hardware will al-

ways be (7) . per unit. The development HIGHT
costs for an embedded computer will usually be

higher, but these become (8) . when

amortized over a large number of units. As a result, MINIMUM
embedded controllers are (9) . selected

for applications that will be mass-produced and al- TYPE

low a greater development time, such as a toy ro-

bot. PLCs are often (10) . for applica-

tions that only require a few controllers and are to SELECTION
be completed in a relatively short time, such as the

production machines to make a toy.

15 For Questions 1 — 15, complete the following text by writing
down each missing word. Use only one word for each gap. The
exercise begins with the example (0).

Example
(0) Originally

(0) arising (1) the development of processes
(2) fabricating microelectronics, micro-scale devices are
typically classified according not only (3) their dimensional
scale, but their composition and manufacture.

Nanotechnology is generally considered (4) ranging
from the smallest of these micro-scale devices down (5) the
assembly of individual molecules to form molecular devices. These
two distinct yet overlapping fields (6) microelectromechani-
cal systems (MEMS) and nanosystems (7) nanotechnology
share a common set of engineering design considerations unique
from other more typical engineering systems.

Two major factors distinguish (8) existence, effective-
ness, and development of micro-scale and nanoscale transducers
from those of conventional scale. (9) first is the physics of
scaling and the second is the suitability of manufacturing techniques
and processes. The former is governed (10) the laws of
physics and is (11) a fundamental factor, (12)
the latter is related to the development of manufacturing technology,
(13) is a significant, though not fundamental, factor. (14)

to the combination of these factors, effective micro-scale
transducers can often (15) be constructed as geometrically
scaled-down versions of conventional-scale transducers.
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@ WRITING

16 Write an essay on the topic given. Let your assignment be of
160—-200 words.

“Computers in Mechatronic Systems”
17 Read the text below and write an annotation to it.

Real-Time systems span several domains of computer science.
They are defense and space systems, networked multimedia systems,
embedded automotive electronics etc. In a real-time system the cor-
rectness of the system behavior depends not only on the logical re-
sults of the computations, but also on the physical instant at which
these results are produced. A real-time system changes its state as a
function of physical time, e.g., a chemical reaction continues to
change its state even after its controlling computer system has
stopped. Based on this a real-time system can be decomposed into a
set of subsystems i.e., the controlled object, the real-time computer
system and the human operator. A real-time computer system must
react to stimuli from the controlled object (or the operator) within time
intervals dictated by its environment. The instant at which a result is
produced is called a deadline. If the result has utility even after the
deadline has passed, the deadline is classified as soft, otherwise it is
firm. If a catastrophe could result if a firm deadline is missed, the
deadline is hard. Commands and Control systems, Air traffic control
systems are examples for hard real-time systems. On-line transaction
systems, airline reservation systems are soft real-time systems.

ManMachine Instromentation
Tnterface Interface

L 4

Operator Real-Time C&?tm lled
Computer | Object
Systemn [*

F 3

Figine 1: Real-Time System

Real-Time systems can be classified from different perspectives.
The first two classifications, hard real-time versus soft real-time, and
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fail-safe versus fail-operational, depend on the characteristics of the
application, i.e., on factors outside the computer system. The second
three classifications, guaranteed-timeliness versus best-effort, re-
source-adequate versus resource-inadequate, and event-triggered
versus time-triggered, depend on the design and implementation, i.e.,
on factors inside the computer system. However this paper focuses on
the differences between hard and soft real-time classification.

The response time requirements of hard real-time systems are in
the order of milliseconds or less and can result in a catastrophe if not
met. In contrast, the response time requirements of soft real-time sys-
tems are higher and not very stringent. In a hard real-time system, the
peak-load performance must be predictable and should not violate the
predefined deadlines. In a soft real-time system, a degraded operation
in a rarely occurring peak load can be tolerated. A hard real-time sys-
tem must remain synchronous with the state of the environment in all
cases. On the otherhand soft real-time systems will slow down their
response time if the load is very high. Hard real-time systems are of-
ten safety critical. Hard real-time systems have small data files and
real-time databases. Temporal accuracy is often the concern here.
Soft real-time systems for example, on-line reservation systems have
larger databases and require long-term integrity of real-time systems.
If an error occurs in a soft real-time system, the computation is rolled
back to a previously established checkpoint to initiate a recovery ac-
tion. In hard real-time systems, roll-back/recovery is of limited use.

Characteristic Hard real-time |Soft real-time
Response Time Hard-required | Soft-desired
Peak-load Predictable Degraded
performance

Control of pace Environment Computer

safety Often critical Non-critical

Size of data files Smallimedium |Large

Redundancy type Active Checkpoint-recovery
Data integrity Short-term Long-term

Error detection Autonormous User assisted

A hard real-time system must execute a set of concurrent real-
time tasks in such a way that all time-critical tasks meet their specified
deadlines. Every task needs computational and data resources to
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complete the job. The scheduling problem is concerned with the allo-
cation of the resources to satisfy the timing constraints.

Real-Time scheduling can be categorized into hard vs soft. Hard
real-time scheduling can be used for soft real-time scheduling. Some
of the research on QoS Klara95 addresses this problem in detail and
is not covered here. The present paper focuses on scheduling algo-
rithms for hard real-time.

Hard real-time scheduling can be broadly classifies into two
types: static and dynamic. In static scheduling, the scheduling deci-
sions are made at compile time. A run-time schedule is generated off-
line based on the prior knowledge of task-set parameters, e.g., maxi-
mum execution times, precedence constraints, mutual exclusion con-
straints, and deadlines. So run-time overhead is small. More details
on static scheduling can be found in Xu90. On the other hand, dynam-
ic scheduling makes its scheduling decisions at run time, selecting
one out of the current set of ready tasks. Dynamic schedulers are flex-
ible and adaptive. But they can incur significant overheads because of
run-time processing. Preemptive or nonpreemptive scheduling of
tasks is possible with static and dynamic scheduling. In preemptive
scheduling, the currently executing task will be preempted upon arrival
of a higher priority task. In nonpreemptive scheduling, the currently
executing task will not be preempted until completion.

Real-Time systems span a large part of computer industry. So far
most of the real-time systems research has been mostly confined to
single node systems and mainly for processor scheduling. This needs
to be extended for multiple resources and distributed nodes. Real-time
systems are expanding to several other domains such as automotive
industry and embedded real-time systems. Especially the marriage of
the Internet with multimedia applications has opened several new vol-
ume applications.
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UNIT 6
SOFTWARE AND DATA ACQUISITION: SECTION 1

LEAD-IN

1 Look at the picture and say what
you can see in it. What do you know
about it?

2 Read the text given below and make
up 3 questions to it. Then ask and an-
swer them in pairs.

Mechatronics: New Directions in Nano-,Micro-, and Mini-Scale
Electromechanical Systems Design

Modern engineering encompasses diverse multidisciplinary are-
as. Therefore, there is a critical need to identify new directions in re-
search and engineering education addressing, pursuing, and imple-
menting new meaningful and pioneering research initiatives and
designing the engineering curriculum. By integrating various disci-
plines and tools, mechatronics provides multidisciplinary leadership
and supports the current gradual changes in academia and industry.
There is a strong need for an advanced research in mechatronics and
a curriculum reform for undergraduate and graduate programs. Re-
cent research developments and drastic technological advances in
electromechanical motion devices, power electronics, solid-state de-
vices, microelectronics, micro- and nanoelectromechanical systems
(MEMS and NEMS), materials and packaging, computers, informatics,
system intelligence, microprocessors and DSPs, signal and optical
processing, computer-aided-design tools, and simulation environ-
ments have brought new challenges to the academia. As a result,
many scientists are engaged in research in the area of mechatronics,
and engineering schools have revised their curricula to offer the rele-
vant courses in mechatronics.

Mechatronic systems are classified as:

1. conventional mechatronic systems,
2. microelectromechanical-micromechatronic systems (MEMS), and
3. nanoelectromechanical-nanomechatronic systems (NEMS).
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Mechatronic
Systems

Conventional : : :
Mechatronic Micromechatronic Nanomechatronic
Systems Systems
Systems
Fundamental Theories: Fundamental Theories:
Classical Mechanics Quantum Theory
Electromagnetics Nanoelectromechanics

The operational principles and basic foundations of conventional
mechatronic systems and MEMS are the same, while NEMS can be
studied using different concepts and theories. In particular, the de-
signer applies the classical mechanics and electromagnetics to study
conventional mechatronic systems and MEMS. Quantum theory and
nanoelectromechanics are applied for NEMS.

m) LISTENING

3 Listen to the second part of the text about new directions in
Nano-, Micro- and Mini-Scale Electromechanical System design
and for Questions 1 — 8, choose the correct variant A — C.

1 What is right?

A difficulties to achieving sufficient knowledge in integrative
electromechanical systems areas to solve complex engineer-
ing problems are weaknesses of the computer, electrical,
and mechanical engineering curricula

B weakness of the computer, electrical, and mechanical engi-
neering curricula is difficulties to describe complex multidis-
ciplinary engineering problems

C integrative electromechanical systems areas can solve com-
plex multidisciplinary engineering problems
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Mechatronics introduces ...

A

disciplines from unified perspectives through the electrome-
chanical theory research and designed sequence of mecha-
tronic courses

the subject matter from electromechanical theory fundamen-
tals

disciplines only from designed sequence of mechatronic
courses

What is right?

A

B

purpose of mechatronics education is the solving of wide
spectrum of engineering problems

purpose of mechatronics education is to prepare a new gen-
eration of students and engineers for wide spectrum of engi-
neering problems solving

new generation of students and engineers create mechatron-
ics education for wide spectrum of engineering problems
solving

What is right?

A

integration, interaction, interpretation, relevance, and sys-
tematization features are not so important part of modern
confluent engineering and Mechatronics

Mechatronics is an important part of modern engineering be-
cause of integration, interaction, interpretation, relevance,
and systematization features.

Mechatronics is part of modern engineering as well as inte-
gration, interaction, interpretation, relevance, and systemati-
zation features of engineering.

What is right?

A

the variety of active student learning processes and syner-
getic teaching styles combined with The multidisciplinary
mechatronic research and educational activities will produce
a level of overall student accomplishments

The multidisciplinary mechatronic research combined with
educational activities and synergetic teaching styles, will pro-
duce a level of overall student accomplishments

The multidisciplinary mechatronic research and educational
activities, combined with synergetic teaching styles, will pro-
duce a level of overall student accomplishments
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6 The multidisciplinary mechatronic

A

B

only brings new depth to engineering areas, advances stu-
dents’ knowledge and background

brings new depth to engineering areas, advances students’
knowledge and provides students with the basic problem-
solving skills

brings new depth to engineering areas or advances students’
knowledge and provides students with the basic problem-
solving skills

7 ltis ..

A

B

C

unnecessary to examine the existing courses during creation
of the mechatronic curriculum

necessary to improve the structure and content of engineer-
ing programs during creation of the mechatronic curriculum
not judicious to improve the structure and content of engineer-
ing programs during creation of the mechatronic curriculum

8 Enhancement and improvement in student knowledge ...

A

B

C

can be achieved without the mechatronic curriculum devel-
opment and implementation

lead to the mechatronic curriculum development and imple-
mentation.

can’t be achieved without the mechatronic curriculum devel-
opment and implementation.

VOCABULARY AND GRAMMAR

Organizing information

A paragraph is a group of related sentences that develop an idea. In near-
ly every paragraph, there is one idea that is more important than all the
others. The main idea of the paragraph is usually found at the beginning.

Sample paragraph 1:

Conventional, mini- and micro-scale electromechanical sys-

tems are studied from a unified perspective because operating
features, basic phenomena, and dominant effects are based upon
classical electromagnetics and mechanics (electromechanics).
Electromechanical systems integrate subsystems and compo-
nents. No matter how well an individual subsystem or component
(electric motor, sensor, power amplifier, or DSP) performs, the
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overall performance can be degraded if the designer fails to inte-
grate and optimize the electromechanical system.

In sample paragraph 1, the first sentence Conventional, mini- and mi-
cro-scale electromechanical systems are studied from a unified per-
spective because operating features, basic phenomena, and dominant
effects are based upon classical electromagnetics and mechanics,
expresses the main idea of the paragraph.

All main idea sentences have a topic and say something about the topic.

Example:

Conventional, mini- and micro-scale electromechanical systems
(a topic) are studied from a unified perspective because operating
features, basic phenomena, and dominant effects are based upon
classical electromagnetics and mechanics (about the topic).

In a lot of cases when you read you need to understand details.
Sometimes it's more difficult to understand details than the main ide-
as. It will be helpful if you think of details as growing out of the main
idea. In sample paragraph 1 there are two major details:

1 Conventional, mini- and micro-scale electromechanical systems
(a topic) are studied from a unified perspective.

2 They are studied from a unified perspective because operating
features, basic phenomena, and dominant effects are based
upon classical electromagnetics and mechanics.

A major detail often has minor details growing out of it. These minor de-

tails tell more about a major detail, just as major details tell more about a

main idea. Often there are paragraphs which have many small details that

you must understand and remember. Breaking up a paragraph of this
kind into its three components: the main idea, major details, and minor
details will help you to understand and remember what it is about.

Sample paragraph 2:

Filtering is the lessening of certain frequencies from a signal. Filters
can be divided into analog and digital types, the analog filters being
further divided into passive and active types. Analog passive filters
use resistors, capacitors, and inductors. Analog active filters typically
use operational amplifiers with resistors and capacitors. Digital filters
may be implemented with software. The software component gives
digital filters the feature of being easier to change.

93



Main idea Filtering is the lessening of certain frequencies
from a signal. ‘ |
Major details Filters can be divided Digital filters may
into analog and digital be implemented
types‘. ‘ with softw‘are.
Minor details Analog Analog ac- The software com-
passive tive filters ponent gives digital
filters use | typically filters the feature of
resistors, |use opera- being easier to
capacitors, | tional am- change.
and induc- | plifiers with
tors. resistors
and capac-
itors.

4 Read the following paragraph and practice finding the major de-
tails and minor details by completing the block diagram given below.

There are two basic methods for the microprocessor to control input
and output. These are polling and interrupts. Polling is just that, the
microprocessor periodically checking various peripheral devices to de-
termine if input or output is waiting. Servicing an interrupt is an alter-
native method to control inputs and outputs.

Main idea There are two basic methods for the microproces-

sor to control input and output.

Major details

Minor details
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5 Read the following paragraph and practice finding the major
details and minor details by completing the block diagram given
below.

Once the input or output is ready for transmission, there are
several modes that can be used. First, data can be moved in either
parallel or serial mode. Parallel mode means that multiple bits (e.g.,
16 bits) move in parallel down a multiple pathway or bus from source
to destination. Serial mode means that the bits move one at a time,
in a series, down a single pathway. Parallel mode traffic is faster in
that multiple bits are moving together, but the number of pathways is
a limiting factor.

Main idea Once the input or output is ready for transmission,
there are several modes that can be used.

Major details

Parallel

mode

means that
multiple bits
(e.g., 16
bits) move
in  parallel
down a
multiple

pathway or
bus from
source to
destination.

Minor details

&SPEAKING

6 Study the following Functional block diagram of a canonical
(standard) automatic control system. Then explain the connec-
tion between all the components in it.
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Make up dialogues using one of the situations given.

Student A: You are a specialist on Mechatronics. You want to
get a job at a research institute. Try yourself in a job interview.
Student B: You are a specialist on Mechatronics too. You work
at a research institute, your specialization is NEMS. Conduct a
job interview, ask as many questions as you can to check wheth-
er the candidate is good at the subject.

Student A: You are a specialist in the sphere of modeling. You
work at a graduate center. Your task is to help your graduate stu-
dent to write a chapter to his dissertation. lIts topic is MEMS.
Student B: You are a graduate student. Ask your research advi-
sor to help you with preparation of the chapter under the title
MEMS.

Student A: You've just graduated from the university and your
future job is lecturer. The first discipline is Data Acquisition in
Mechatronics. Ask your senior colleague to help you to make a
plan of your lecture course and discuss main terms of the subject.
Student B: You are a university teacher of Mechatronics. Help
your colleague to develop the course of lectures.

Student A: You are a student of Computer science and you want
to take part in a study placement abroad. The course is called
“Nanoelectromechanical-Nanomechatronic Systems”. But before
entering the program you want to clear up main ideas of the topic.
Ask your friend to help you.

Student B: You are a specialist in the sphere of Nanotechnolo-
gies. Help your friend to obtain a general understanding of the
subject.

96



Software and Data Acquisition: Section 2

8 Read the text below. For Abstracts 1 — 8, choose a suitable
main idea from the list A — C.

Introduction to Data Acquisition

The purpose of a data acquisition system is to capture and ana-
lyze some sort of physical phenomenon from the real world. Light, tem-
perature, pressure, and torque are a few of the many different types of
signals that can interface to a data acquisition system. A data acquisi-
tion system may also produce electrical signals simultaneously. These
signals can either intelligently control mechanical systems or provide a
stimulus so that the data acquisition system can measure the re-
sponse. A data acquisition system provides a way to empirically test
designs, theories, and real world systems for validation or research.

| 0 | A |

At first, data acquisition devices stood alone and were manually
controlled by an operator. When the PC emerged, data acquisition
devices and instruments could be connected to the computer through
a serial port, parallel port, or some custom interface. A computer pro-
gram could control the device automatically and retrieve data from the
device for storage, analysis, or presentation. Now, instruments and
data acquisition devices can be integrated into a computer through
high-speed communication links, for tighter integration between the
power and flexibility of the computer and the instrument or device.

1 ] |

Since data acquisition devices acquire an electric signal, a trans-
ducer or a sensor must convert some physical phenomenon into an
electrical signal. A common example of a transducer is a thermocou-
ple. A thermocouple uses the material properties of dissimilar metals
to convert a temperature into a voltage. As the temperature increases,
the voltage produced by the thermocouple increases. A software pro-
gram can then convert the voltage reading back into a temperature for
analysis, presentation, and data logging. Many sensors produce cur-
rents instead of voltages. A current is often advantageous because
the signal will not be corrupted by small amounts of resistance in the
wires connecting the transducer to the data acquisition device. A dis-
advantage of current-producing transducers, though, is that most data
acquisition devices measure voltage, not current. Generally, the data
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acquisition devices that can measure current use a very small re-
sistance of a known value to convert the known current into a reada-
ble voltage. Ultimately, the device is then still acquiring a voltage.

2 | |

Analog signals for data acquisition can be grouped into two basic
classes: random and deterministic. Data acquisition devices can both
acquire and generate these types of signals. Random signals never
repeat and have a flat frequency spectrum. Microphone static is an
example of a random signal. A deterministic signal, unlike random
signals, can be represented by a sum of sinusoids. Deterministic sig-
nals can be subdivided into periodic and transient signals. Periodic
signals constantly repeat the same shape at regular intervals over
time, while transient signals start and end at a constant level and do
not occur at regular intervals. Transient signals are nonperiodic events
that represent a finite-length reaction to some stimulus.

3 | |

Digital input and output are commonly incorporated into data ac-
quisition hardware for sensing contacts, controlling relays and lights,
and testing digital devices. The most commonly used digital levels are
TTL and TTL-compatible CMOS. These are both very common 5-V
standards for digital hardware. Digital transfer rates to and from the
data acquisition hardware vary from unstrobed to high speed. Un-
strobed digital input and output involves setting digital lines and moni-
toring states by software command. This form of digital input and out-
put is also known as static or immediate digital I/O. The maximum
speed of an unstrobed 1I/O is highly dependent on the computer hard-
ware, the operating system, and the application program. Pattern digi-
tal I/O refers to inputs and outputs of digital patterns under the control
of a clock signal. The speed at which the data can be sent or received
depends on the amount of data, the characteristics of the data acqui-
sition hardware, and the computer speed.

| 4 | |

The final type of 1/O on computer-based data acquisition hard-
ware is counter/timer I/O. Counter/timers are capable of measuring or
producing very time-critical digital pulses. These pulses, like the digital
input and output, are generally TTL or TTL-compatible CMOS. These
components are used for measuring or producing a number of time-
critical signals including event counting, pulse train generation, fre-
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quency-shift keying, and monitoring quadrature encoders. The two
main characteristics of a counter/timer are the counter size and maxi-
mum source frequency. The counter size is generally represented in
bits and determines how high a counter can count. For instance,
a 32-bit counter can count 2% — 1 = 4,294 ,967,295 events before it re-
turns the count value back to zero. The maximum source frequency
represents the speed of the fastest signal the counter can count. An
80-MHz counter can count events that are as fast as 12.5 ns apart. An
“‘event” is actually the rising or falling edge of a digital signal.

| 5 | |

No real situation will ever have perfect signals or be completely
free of noise. Signal conditioning is a method to remove, as much as
possible, unwanted components of a digital or analog signal. A real an-
alog signal usually comprises both deterministic and random signals,
and a digital signal is not going to be perfectly square. Measurement
hardware, particularly for high-frequency analog signals, is usually
equipped with an antialiasing filter. This is a low-pass filter that blocks
frequencies above the desired frequency range and increases the ac-
curacy of the measurements. Digital and counter/timer lines are also
commonly fitted with filters that remove spikes from the signal that
could otherwise be mistakenly counted as a rising or falling edge. Isola-
tion is another type of signal conditioning that separates the measure-
ment hardware circuitry from the signal being measured. This is done
to remove large differences in electric potential between the measure-
ment hardware and the signal, and it protects the measurement hard-
ware from damage, given a large surge in voltage or current.

| 6 | |

The heart of a data acquisition device is a digital-to-analog con-
verter (DAC), an analog-to-digital converter (ADC), or some combina-
tion of the two. An ADC has a finite list of values which represents
voltages. The purpose of the ADC is to select a value from this list,
which is closest to an actual voltage at a specified time. The value is
then transferred in binary format to a computer. Alternatively, a DAC
can produce an analog voltage from a list of binary values. The volt-
age generated by a basic DAC stays the same until it receives anoth-
er value from the computer. In order to acquire and produce analog
waveforms, the DAC and ADC must activate at precise intervals.
Consequently, measurement hardware has timing circuitry to produce
a pulse train of a constant frequency to control the ADC and DAC.
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7 ] |

The data that is transferred from the ADC and to the DAC travels
to the computer over a bus. A bus is a group of electrical conductors
that transfer information inside a computer. Some common examples
of a bus are PCIl and USB. The bus can carry both control information
and binary measurement data to and from measurement hardware.
One of the most important considerations in selecting a bus is bus
transfer rate, usually expressed in megabytes per second (Mbytes/s).
A single analog value could require less than 1 byte or as much as 4
bytes, depending on the type of measurement hardware. The bus is
shared among multiple devices, so data acquisition devices often
have on-board memory to serve as a holding place for data when the
bus is not available. In very fast data acquisition routines, the memory
can hold all the data, and at the end of the acquisition, all the data can
be transferred to the computer for processing.

| 8 | |

When data is acquired at high speeds on multiple channels, it is of-
ten important to understand the phase relationship from one signal to
the next. If the signals are generated or acquired on multiple data ac-
quisition devices, there are a number of ways to synchronize the sys-
tems and preserve relative phase relationships. One way is to share
the ADC and DAC clock between the data acquisition devices. The re-
al-time system integration bus (RTSI) is a bus that can connect multiple
devices together to share timing circuitry among multiple devices.
Phase-lock looping (PLL) is a more sophisticated synchronization
method. A reference signal is supplied to all the data acquisition devic-
es, and the internal clocks stay in phase with the reference signal.
Consequently, the phase relationship can be reserved even if different
measurement hardware is using different sampling or update speeds.

L9 | |

Abstract O

A Data acquisition system is necessary for reception of the infor-
mation from the real world and its analysis

B Data acquisition system is necessary for transfer of the infor-
mation to the real world

C Data acquisition system is necessary for analyze some sort of
electrical signals phenomenon from the real world
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Abstract 1

In the beginning Data acquisition devices were manually con-
trolled by computers

In the beginning Data acquisition devices had controlled comput-
ers and operators.

In the beginning an operator had controlled Data acquisition devices.

Abstract 2

Signal will not be corrupted by small amounts of resistance in the
wires connecting the transducer to the data acquisition device
because a current is often advantageous.

Signal will not be corrupted by small amounts of resistance in the
wires connecting the transducer to the data acquisition device
and a current is often advantageous from this standpoint.

Signal will not be corrupted by small amounts of resistance in the
wires connecting the transducer to the data acquisition device
therefore a current is often disadvantageous.

Abstract 3

The difference between periodic signals and transient signals is
that periodic signals repeat the same values at irregular intervals.
The difference between periodic signals and transient signals is
that transient signals repeat the same values at regular intervals.

The difference between periodic signals and transient signals is
that periodic signals periodically repeat the values.

Abstract 4

Computer hardware, the operating system, and the application
program determine maximum speed of an unstrobed I/O
Maximum speed of an unstrobed I/O dependents on computer hard-
ware and used digital levels are TTL and TTL-compatible CMOS.
Maximum speed of unstrobed 1/O dependents the computer
hardware and the operating system.

Abstract 5

Counter/timer device has some nonprincipal features: the counter
size and maximum source frequency.

Counter/timer device has following features: the counter size and
maximum source frequency.

Counter size and maximum source frequency are pulses, like the
digital input and output.
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Abstract 6

For increasing of the measurements accuracy the low-pass filter
is needed

Low-pass filter is needed for blocks the desired frequency and in-
creases the accuracy of the measurements

Low-pass filter is needed for high-frequency analog signals and
increases the accuracy of the measurements

Abstract 7

DAC can produce an analog voltage from a list of binary values
and ADC can produce a value from a list, which is closest to an
actual voltage.

ADC can produce an analog voltage from a list of binary values
and DAC can produce a value from a list, which is closest to an
actual voltage.

Combination of the DAC and ADC can produce a finite list of voltage

Abstract 8

Memory can hold all the data, which are transferred to the com-
puter during the acquisition processing.

Memory can hold all the data, which are transferred to the com-
puter at the end of the acquisition process.

Memory can hold all the data, which are transferred to the com-
puter at the end of the acquisition process in very fast data acqui-
sition routines only.

Abstract 9

Sharing the ADC and DAC clock between the data acquisition
devices is very sophisticated method

Phase-lock looping (PLL) method is one of the ways to synchro-
nize the systems

Phase-lock looping (PLL) method is one of the ways to share the
ADC and DAC clock between the data acquisition devices

Software and Data Acquisition: Self Study Section

9

For Questions 1 — 15, read the text below. Use the word giv-

en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) engineering

102



Mechatronics is an important part of
modern confluent (0) due to
integration, interaction, interpretation,
(1) , and systematization fea-
tures. Efficient and (2)
means to assess the current trends in
modern engineering with (3)
analysis and outcome (4)
can be approached through the mecha-
tronic paradigm. The (5)
mechatronic research and (6)

activities, combined with the
variety of (7) student learn-
ing processes and synergetic teaching
styles, will produce a level of overall
student (8) that is greater
than the achievements which can be
produced by (9) the conven-
tional electrical, computer, and (10)

engineering curricula.

The multidisciplinary mechatronic
paradigm serves very important purpos-
es because it brings new depth to engi-
neering areas, advances students’ (11)

and background, provides
students with the basic problem-solving
(12) that are needed to cope
with advanced (13) systems
controlled by microprocessors or DSPs,
covers state-of-the-art hardware, and
emphasizes and (14) mod-
ern software environments. Through the
mechatronic curriculum, important pro-
gram (15) and goals can be
achieved.

ENGINEER

RELEVANT

EFFECT

ASSESS
PREDICT

MULTYDISCIPLINE
EDUCATION

ACTIVITY

ACCOMPLISH

REFINE

MECHANICS

KNOW

SKILLFUL

ELECTROMECHANICS

APPLICATION

OBJECT

10 For Words 1 - 10, find synonyms under the letters A — J.

1 outcome
2 exploration B
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3 optimize C Dbest

4  optimal D sets ofrules
5 algorithms E steadiness
6 embedded F evaluate

7 automate G mounted

8 stability H result

9 measure |  perfect

10 faults J  mistakes

11 Read the text below and fill the gaps with the words 1 - 10,
activity 10.

Conventional control theory has allowed man to control and (1)
his environment for centuries. Modern control tech-

niques have allowed engineers to (2) the control sys-
tems they build for cost and performance. However, (3)

control (4) are not always tolerant to
changes in the control system or the environment. Robust control the-
ory is a method to (5) the performance changes of a

control system with changing system parameters. Application of this
technique is important to building dependable (6)
systems. The goal is to allow (7) of the design space
for alternatives that are insensitive to changes in the system and can
maintain their (8) and performance. One desirable (9)
is for systems that exhibit graceful degradation in the
presence of changes or partial system (10)

@ WRITING

12 Choose one of the paragraphs of text, activity 8 and practice
finding the main idea, major details and minor details by complet-
ing the block diagram given below.

Main idea

Major details
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Minor details

13 Read the text below and write an annotation to it.

In order to gain a perspective for robust control, it is useful to
examine some basic concepts from control theory. Control theory
can be broken down historically into two main areas: conventional
control and modern control. Conventional control covers the con-
cepts and techniques developed up to 1950. Modern control covers
the techniques from 1950 to the present. Each of these is examined
in this introduction.

Conventional control became interesting with the development of
feedback theory. Feedback was used in order to stabilize the control
system. One early use of feedback control was the development of
the flyball governor for stabilizing steam engines in locomotives. An-
other example was the use of feedback for telephone signals in the
1920s. The problem was the transmission of signals over long lines.
There was a limit to the number of repeaters that could be added in
series to a telephone line due to distortion. Harold Stephen Black pro-
posed a feedback system that would use feedback to limit the distor-
tion. Even though the added feedback sacrificed some gain in the re-
peater, it enhanced the overall performanceConventional control relies
upon developing a model of the control system using differential equa-
tions. Laplace transforms are then used to express the system equa-
tions in the frequency domain where they can be manipulated alge-
braically. Fig. 1 shows a typical control loop. The input to the system
is some reference signal, which represents the desired control value.
This reference is fed through a forward transfer function G(s) to de-
termine the plant output, y. The output is fed back through a feedback
transfer function, H(s). The feedback signal is subtracted from the ref-
erence to determine the error signal, e. Further control is based on the
error signal. Therefore, the system serves to bring the output as close
as possible to the desired reference input. Due to the complexity of
the mathematics, conventional control methods were used mostly for
Single-Input-Single-Output (SISO) systems.
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Ref T-.e Y
—Z— G(s)

Fig. 6.1. Typical Control Loop

One development that was key to future developments in robust
control was the root-locus method. In the frequency domain, G(s) and
H(s) were expressed as ratios of polynomials in the complex frequen-
cy variable, s. Nyquist, Bode and others realized that the roots of the
denominator polynomial determined the stability of the control system.
These roots were referred to as “poles” of the transfer functions. The
location of these poles had to be in the left half-plane of the complex
frequency plot to guarantee stability. Root locus was developed as a
method to graphically show the movements of poles in the frequency
domain as the coefficients of the s-polynomial were changed. Move-
ment into the right half plane meant an unstable system. Thus sys-
tems could be judged by their sensitivity to small changes in the de-
nominator coefficients.

Modern control methods were developed with a realization that
control system equations could be structured in such a way that com-
puters could efficiently solve them. It was shown that any nth order dif-
ferential equation describing a control system could be reduced to n
1st order equations. These equations could be arranged in the form of
matrix equations. This method is often referred to as the state variable
method. The canonical form of state equations js shown below, where

X is a vector representing the system “state”, Xis a vector represent-
ing the change in “state”, u is a vector of inputs, y is a vector of out-
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puts, and A, B, C, D are constant matrices which are defined by the
particular control system.

X = AX + Bii
y = CX + Dii

Modern control methods were extremely successful because they
could be efficiently implemented on computers, they could handle Multi-
ple-Input-Multiple-Output (MIMO) systems, and they could be optimized.
Methods to optimize the constant state matrices were developed. For in-
stance a spacecraft control system could be optimized to reach a desti-
nation in the minimum time or to use the minimum amount of fuel or
some weighted combination of the two. The ability to design for perfor-
mance and cost made these modern control systems highly desirable.
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UNIT 7

MECHATRONICS ENGINEERING: SECTION 1

LEAD-IN

1 Read the title of Unit 7 and say what it will be about. Give
definition to the term “Mechatronics engineering”.

2 Study the following General computer-control configuration.
Then explain the connection between all the components in it.

—Digital Set Point

Sampled & Quantized Digital Computer

Measurement

A/D
Converter

T

Sampling

Switgh™™ == == ==

| Sampled & Quantized
Control Signal

Anti-
Allasing
Filter

Sensor
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READING

3 For Words 1-12, find synonyms under the letters A — L.
1  acquisition A elastic

2 urgent B altering quantity

3 use C lighten

4  disturbance D application

5 specification E obtainment

6 flexible F  range

7 facilitate G technical condition
8 array H hindrance

9 variable |  emergent

10 analysis J pilot

11 reduction K review

12 experimental L decrease

4 Read the text and fill the gaps with the words, Activity 3.
Sometimes you need to change the form of the word.

Systems Synthesis, Mechatronics Software, and Simulation

Modeling, simulation, and synthesis are complementary activities
performed in the design of mechatronic systems. Simulation starts
with the model developments, while synthesis starts with the (1)
imposed on the behavior and analysis of the system
performance through analysis using modeling, simulation, and (2)
results. The designer mimics, studies, analyzes,
and evaluates the mechatronic system’s behavior using state, perfor-
mance, control, events, (3) , and other (4)
. Modeling, simulation, analysis, virtual prototyping,
and visualization are critical and (5) important as-
pects for developing and prototyping of advanced electromechanical
systems. As a (6) high-performance modeling and
design environment, MATLAB has become a standard, cost-effective
tool. Competition has prompted cost and product cycle (7)

To speed up analysis and design with assessment analysis, (8)
enormous gains in productivity and creativity, inte-
grate control and signal processing using advanced microprocessors
and DSPs, accelerate prototyping features, generate real-time C code
and visualize the results, perform data (9) and data
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intensive analysis, the MATLAB environment is used. In MATLAB, the
following commonly used toolboxes can be applied: SIMULINK, Real-
Time Workshop™, Control System, Nonlinear Control Design, Optimi-
zation, Robust Control, Signal Processing, Symbolic Math, System
Identification, Partial Differential Equations, Neural Networks, as well
as other application-specific toolboxes. MATLAB capabilities should
be demonstrated by attacking important practical examples in order to
increase students’ productivity and creativity by demonstrating how to
use the advanced software in electromechanical system (10)

. The MATLAB environment offers a rich set of ca-
pabilities to efficiently solve a variety of complex (11)
, modeling, simulation, control, and optimization
problems encountered in undergraduate and graduate mechatronic
courses.

A wide (12) of mechatronic systems can be
modeled, simulated, analyzed, and optimized. The electromechanical
systems examples, integrated within mechatronic courses, will provide
the practice and educate students with the highest degree of compre-
hensiveness and coverage.

l—{h\) LISTENING

5 Listen to the recording and For Questions 1 — 8, choose the
correct mark T (true) or F (false). Correct the false statements.

1 New challenges to academia and industry were brought by Far-
reaching fundamental and technological advances.

2 Electromechanical Systems and Mechatronics are offered by en-
gineering schools as irrelevant interdisciplinary courses.

3 Fundamental theory and engineering practice are sources of
mechatronics.

4  The attempts to introduce mechatronics were successful due to
the absence of a long-term strategy.

5 Itis possible to emphasize the cross disciplinary nature of mecha-
tronics in one introductory course.

6 The engineering curriculum integrates a set of core mechatronic
courses, and advanced hardware and software should be developed
with the help of laboratory- oriented and project-oriented courses.
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Versatility of mechatronics makes it worthwhile for all engineers
to be acquainted with the basic theory and engineering practice.

Further contribution to mechatronics interdisciplinary concept is
continued.

VOCABULARY AND GRAMMAR

6

For Questions 1 — 8, complete the second sentence so that it

has a similar meaning to the first sentence, using the word given.
Do not change the word given. You must use between two and
five words, including the word given.

1

SWNTs are used as electromechanical actuators.

CAN

SWNTS o as electromechanical
actuators.

We used nanoscale electromechanical devices to manipulate and
interrogate nanostructures.

WERE

These nanoscale electromechanical devices ........................ to
manipulate and interrogate nanostructures.

They might use this device to manipulate biological cells or even
manipulate organelles and clusters within human cells.

COULD

This device ........cooiiiiiiiii to manipulate biological
cells or even manipulate organelles and clusters within human cells.

They have proposed a wide variety of nanoscale manipulators in-
cluding pneumatic manipulators that can be configured to make
tentacle, snake, or multi-chambered devices.

BEEN

A wide variety of nanoscale manipulators ............................L
including pneumatic manipulators that can be configured to make
tentacle, snake, or multi-chambered devices.

Currently, much thought should be devoted to molecular assem-
bly and self-replicating devices (selfreplicating nanorobots).
BEING

Currently, much thought ... to molecular
assembly and self-replicating devices (selfreplicating nanorobots).
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7

A set of core mechatronic courses is integrated into the engineer-
ing curriculum.

SHOULD

A set of core mechatronic courses ..............cociiiiiiiiiin,
into the engineering curriculum.

The relevance of fundamental theory, applied results, and exper-

iments is very important and it is necessary to emphasized them.
MUST

The relevance of fundamental theory, applied results, and exper-
iments is very importantand ...,

They widely discuss the role of mechatronics in modern engineering.
IS
The role of mechatronics in modern engineering

Read three groups of the parts of the words representing

prefixes, suffixes and stems and make up as many words as
possible.

alternative
similar
consequent
want
period
depend
strobe

convert
relate
present
read
inform

scale
enhance
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8 Give short explanations to the items below. Use information
about compound nouns.

systems development
information flow
wire connection
current-producing transducer
performance criteria
component level
electric machines characterization
design process
transistor driver
0 computer-based data acquisition hardware

2 OO NOOAPRRWN -~

9 Read the paragraph below and practice finding the main
idea, major details and minor details by completing the block di-
agram given below.

Main idea

Major details

Minor details

One of the most challenging problems in mechatronic systems
design is the system architecture synthesis, system integration, opti-
mization, as well as selection of hardware (actuators, sensors, power
electronics, ICs, microcontrollers, and DSPs) and software (environ-
ments, tools, computation algorithms to perform control, sensing, exe-
cution, emulation, information flow, data acquisition, simulation, visual-
ization, virtual prototyping, and evaluation). Attempts to design state-
of-the-art high-performance mechatronic systems and to guarantee
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the integrated design can be pursued through analysis of complex
patterns and paradigms of evolutionary developed biological systems.
Recent trends in engineering have increased the emphasis on inte-
grated analysis, design, and control of advanced electromechanical
systems. The scope of mechatronic systems has continued to expand,
and, in addition to actuators, sensors, power electronics, ICs, anten-
nas, microprocessors, DSPs, as well as input/output devices, many
other subsystems must be integrated. The design process is evolu-
tionary in nature. It starts with a given set of requirements and specifi-
cations. High-level functional design is performed first in order to pro-
duce detailed design at the subsystem and component level. Using
the advanced subsystems and components, the initial design is per-
formed, and the closed-loop electromechanical system performance is
tested against the requirements.

&SPEAKING

10 You are given 10 themes. Choose one of them, formulate a
topic and make a plan for its oral presentation, then make a re-
port in not less than 200 — 250 words.

Mechatronics and Modern Engineering

What is Mechatronics?

Nano-, Micro-, and Mini-Scale Electromechanical Systems and
Mechatronics

4  Mechatronic System Components

5 Mechatronics Perspectives

6 Functions of Mechatronic Systems

7

8

9

WN -

signal processing in Mechatronics

Fault Detection in Mechatronics

Mechatronic Intelligent Systems
10 Concurrent Design Procedure for Mechatronic Systems
11 Role of Microelectronics for mechatronic systems development
12 Sensors and Actuators of mechatronic systems

Mechatronics engineering: Section 2
READING

11 Read the text and for Questions 1 — 8, choose the correct
mark T (true) or F (false). Correct the false statements.
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Mechatronic Systems

One of the most challenging problems in mechatronic systems
design is the system architecture synthesis, system integration, opti-
mization, as well as selection of hardware (actuators, sensors, power
electronics, ICs, microcontrollers, and DSPs) and software (environ-
ments, tools, computation algorithms to perform control, sensing, exe-
cution, emulation, information flow, data acquisition, simulation, visual-
ization, virtual prototyping, and evaluation). Attempts to design state-
of-the-art high-performance mechatronic systems and to guarantee
the integrated design can be pursued through analysis of complex
patterns and paradigms of evolutionary developed biological systems.
Recent trends in engineering have increased the emphasis on inte-
grated analysis, design, and control of advanced electromechanical
systems. The scope of mechatronic systems has continued to expand,
and, in addition to actuators, sensors, power electronics, ICs, anten-
nas, microprocessors, DSPs, as well as input/output devices, many
other subsystems must be integrated. The design process is evolu-
tionary in nature. It starts with a given set of requirements and specifi-
cations. High-level functional design is performed first in order to pro-
duce detailed design at the subsystem and component level. Using
the advanced subsystems and components, the initial design is per-
formed, and the closed-loop electromechanical system performance is
tested against the requirements.

If requirements and specifications are not met, the designer re-
vises or refines the system architecture, and other solutions are
sought. At each level of the design hierarchy, the system performance
in the behavioral domain is used to evaluate and refine the design
process and solution devised. Each level of the design hierarchy cor-
responds to a particular abstraction level and has the specified set of
activities and design tools that support the design at this level. For ex-
ample, different criteria are used to design actuators and ICs due to
different behavior, physical properties, operational principles, and per-
formance criteria imposed for these components. It should be empha-
sized that the level of hierarchy must be defined, e.g., there is no need
to study the behavior of millions of transistors on each IC chip be-
cause mechatronic systems integrate hundreds of ICs, and the end-
to-end behavior of ICs is usually evaluated (ICs are assumed to be
optimized, and these ICs are used as ready-to-use components).

Automated synthesis can be attained to implement this design
flow. The design of mechatronic systems is a process that starts from
the specification of requirements and progressively proceeds to per-
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form a functional design and optimization that is gradually refined
through a sequence of steps.

Specifications typically include the performance requirements de-
rived from systems functionality, operating envelope, affordability, and
other requirements. Both top-down and bottom-up approaches should
be combined to design high-performance mechatronic systems aug-
menting hierarchy, integrity, regularity, modularity, compliance, and
completeness in the synthesis process.

Desired System
Performance:
Behavioral Domain

Achieved System ,"
Performance: |
Behavioral Domain

System Synthesis in
Structural/Architectural
Domain

Fig. 7.1. Design flow in synthesis of mechatronic systems

Even though the basic foundations have been developed, some
urgent areas have been downgraded, less emphasized, and re-
searched. The mechatronic systems synthesis reported guarantees
an eventual consensus between behavioral and structural domains,
as well as ensures descriptive and integrative features in the design.
These were achieved applying the mechatronic paradigm which al-
lows one to extend and augment the results of classical mechanics,
electromagnetics, electric machinery, power electronics, microelec-
tronics, informatics, and control theories, as well as to apply advanced
integrated hardware and software.

To acquire and expand the engineering core, there is the need to
augment interdisciplinary areas as well as to link and place the multi-
disciplinary perspectives integrating actuators—sensors—power electron-
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ics— ICs—DSPs to attain actuation, sensing, control, decision making,
intelligence, signal processing, and data acquisition. New develop-
ments are needed. The theory and engineering practice of high perfor-
mance electromechanical systems should be considered as the unified
cornerstone of the engineering curriculum through mechatronics. The
unified analysis of actuators and sensors (e.g., electromechanical mo-
tion devices), power electronics and ICs, microprocessors and DSPs,
and advanced hardware and software, have barely been introduced in-
to the engineering curriculum. Mechatronics, as the breakthrough con-
cept in the design and analysis of conventional-, mini-, micro- and
nano-scale electromechanical systems, was introduced to attack, inte-
grate, and solve a great variety of emerging problems.

Mechatronics integrates electromechanical systems design,
modeling, simulation, analysis, softwarehardware developments and
co-design, intelligence, decision making, advanced control (including
selfadaptive, robust, and intelligent motion control), signal/image pro-
cessing, and virtual prototyping.

The mechatronic paradigm utilizes the fundamentals of electrical,
mechanical, and computer engineering with the ultimate objective to
guarantee the synergistic combination of precision engineering, electron-
ic control, and intelligence in the design, analysis, and optimization of
electromechanical systems. Electromechanical systems (robots, electric
drives, servomechanisms, pointing systems, assemblers) are highly
nonlinear systems, and their accurate actuation, sensing, and control are
very challenging problems. Actuators and sensors must be designed
and integrated with the corresponding power electronic subsystems. The
principles of matching and compliance are general design principles,
which require that the electromechanical system architectures should be
synthesized integrating all subsystems and components. The matching
conditions have to be determined and guaranteed, and actuators— sen-
sors—power electronics compliance must be satisfied.

Electromechanical systems must be controlled, and controllers
should be designed. Robust, adaptive, and intelligent control laws
must be designed, examined, verified, and implemented. The re-
search in control of electromechanical systems aims to find methods
for devising intelligent and motion controllers, system architecture syn-
thesis, deriving feedback maps, and obtaining gains. To implement
these controllers, microprocessors and DSPs with ICs (input-output
devices, A/D and D/A converters, optocouplers, transistor drivers)
must be used. Other problems are to design, optimize, and verify the
analysis, control, execution, emulation, and evaluation software.
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It was emphasized that the design of high-performance mechatronic
systems implies the subsystems and components developments. One
of the major components of mechatronic systems are electric machines
used as actuators and sensors. The following problems are usually
emphasized: characterization of electric machines, actuators, and sen-
sors according to their applications and overall systems requirements
by means of specific computer-aided-design software; design of high-
performance electric machines, actuators, and sensors for specific ap-
plications; integration of electric motors and actuators with sensors,
power electronics, and ICs; control and diagnostic of electric machines,
actuators, and sensors using microprocessors and DSPs.

1 System architecture synthesis is a minor problem in mechatronic
systems design.

2 Increasing of the emphasis on integrated analysis, design, and
control of advanced electromechanical system are recent trends
in engineering.

3 System performance in the behavioral domain is used to evaluate
and refine the design process and solution devised at each level
of the design hierarchy.

4 |tis impossible to use automated synthesis for implementation of
design flow in mechatronic systems.

5 Specification of requirements is a starting point of mechatronic
systems design process

6 There is no need to augment interdisciplinary areas to acquire
and expand the engineering core.

7  Electromechanical systems are highly nonlinear systems, and
their accurate actuation, sensing, and control problems are al-
ready solved.

8 Adaptive and intelligent control laws are very important for mech-
atronic systems design in contrast with the robust control law.

Mechatronics engineering: Self Study Section

12 You are going to read an extract from the text “Na-
nomachines”. For Questions 1-8, choose the correct answer A,
B, C or D.

Nanomachines are devices that range in size from the smallest of
MEMS devices down to devices assembled from individual molecules.
Built from molecular (0) components performing individual mechani-
cal functions, the candidates for energy sources to actuate na-
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nomachines are (1) to those that act on a molecular
scale. Regarding manufacture, the assembly of nanomachines is by
nature a one-molecule-at-a-time operation. Although microscopy (2)
are currently used for the (3) of
nanostructures, self-assembly is seen as a viable means of mass pro-
duction.

In a molecular device a discrete number of molecular compo-
nents are combined into a supramolecular (4) where
each discrete molecular component performs a single function. The
combined action of these individual molecules causes the device to
(5) and perform its various functions. Molecular de-
vices require an energy (6) to operate. This energy
must ultimately be used to activate the component molecules in the
device, and so the energy must be chemical in nature. The chemical
energy can be obtained by adding hydrogen ions, oxidants, etc., by
inducing chemical reactions by the impingement of light, or by the ac-

tions of electrical current. The (7) two means of en-
ergy activation, photochemical and electrochemical energy sources,
are preferred since they not only (8) energy for the

operation of the device, but they can also be used to locate and con-
trol the device. Additionally, such energy transduction can be used to
transmit data to report on the performance and status of the device.

Another reason for the preference for photochemical- and elec-
trochemical-based molecular devices is that, as these devices are re-
quired to operate in a cyclic manner, the chemical reactions that drive
the system must be reversible. Since photochemical and electrochem-
ical processes do not lead to the accumulation of products of reaction,
they readily lend themselves to application in nanodevices.

0 Aparts B components  C elements D integrants
1 A bounded B limited C restricted D confined
2 A method B technique C system D expertise
3 A gathering B multitude C congregation D assembly
4 A structure B pattern C scheme D order

5 Awork B operate Cgoon D switch on
6 A source B store C supply D vein

7 Alater B late C latter D last

8 Agqgive B supply C provide D equip
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In a jigsaw below find 20 words on the topic “Mecahtronics”.

13
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14 For Questions 1 — 15, read the text below. Use the word giv-
en in capitals at the end of each line to form a word that fits in the
space in the same line. Use the example at the beginning.

Example:
(0) combining

MicroElectroMecahnical Systems (MEMS)
are integrated micro devices or systems (0)
electrical and mechanical compo-
nents that can sense, control, and actuate on
the micro scale and function individually or in
arrays to generate (1) on the macro
scale. MEMS is one of the most (2)
areas in future computer and (3) :
the next (4) step in the silicon revo-
lution. Fabricated using Integrated Circuit (IC)
compatible batch-processing techniques, the
small size of MEMS opens a new line of excit-
ing applications, including aerospace, automo-
tive, biological/medical, fluidics, military, optics,
and many other areas. (5) is of
concern if MEMS machinery is used in critical
applications. MEMS is usually a combination of
circuits and micro-machinery. The reliability as-
pect includes both the (6) and the
mechanical parts, (7) by the inter-
actions. Different from mechanical systems, in-
ertia is of little concern; the effects of (8)
forces and surface science domi-
nate. Wafer Level Reliability (WLR) has re-
ceived increasing interest in recent years. We
still have limited knowledge on how MEMS de-
vices (9) . Limited tools and models
are available. How to model the (10)
of MEMS is a challenge.
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@ WRITING

15 Write an essay on the topic given. Let your assignment be
of 160 — 200 words.

“The Role of Mechatronic Approach in the Technological Progress”
16 Read the text below and write an annotation to it.

MicroElectroMechanical systems (MEMS) are integrated micro
devices or systems combining electrical and mechanical components
fabricated using Integrated Circuit (IC) compatible batch-processing
techniques and range in size from micrometers to millimeters. These
systems can sense, control, and actuate on the micro scale and func-
tion individually or in arrays to generate effects on the macro scale.

Technology has been pushed to the point that we can build ma-
chinery so small that it can not be seen by human eye. The typical size
of MEMS devices is usually measured in micrometers or even microns.
Using similar fabrication techniques as building microprocessors, we are
now able to build sensors and actuators on the same microscopic level
with the processor chip. Measured in microns, thermal sensors, pressure
sensors, inertial sensors, flow and viscosity sensors, resonators, levers,
gears, transmission systems, micro-mirrors, valves, pumps, motors, etc.
can be batch produced together on the same chip with the processing
unit. They indeed compose a “system on a chip”.

A whole new line of applications are opened up by this fast develop-
ing technology, limited maybe only by imagination. We can now make
medical and biomedical devices so small that they can be injected into
humans' bloodstream. They may selectively kill sick cells or germs, leav-
ing healthy body tissue intact. They may intelligently monitor blood sub-
stance and release drugs whenever necessary. “Microsurgery” is as-
signed a new meaning by inteligent MEMS devices. Controlled by
outside central computers, MEMS microsurgery devices can do surgery
inside human body without any cut on the skin. One day they may even
be able to do DNA processing and sequencing right on site.

Controlled chemical reactions at microscopic level are also possi-
ble with MEMS technology. Miniature valves, pumps make it possible
to build a chemical plant on a chip. New substances can be made
when needed and a very fine grain control can be achieved.

Devices in many existing applications are facing the challenge of
mass-fabricated, low-cost MEMS devices. At a relatively small fraction
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of the cost, size and weight of these systems, MEMS substitutes may
even perform much better than their traditional counterparts. MEMS
accelerometers that deploy airbags during a car-crash and the inkjet-
printer cartridges that can inject fine drops of ink on paper to form let-
ters or graphs have been widely used. MEMS displays are very pow-
er-efficient and have very high definitions. Storage devices can
achieve density up to terabytes per square centimeter.

Traditional material and mechanical science is being revolution-
ized and rejuvenated. Polysilicon is still the prevailing material used in
both mechanical parts and electronic parts in MEMS devices. VLSI
fabrication technique has advanced to build mechanical components
together with electronic components. Issues like strength, tear and
wear, corrosion, are new challenging topics.

Just like IC technology 30 years ago, MEMS technology is still in its
juvenile age. Most of the MEMS products are still prototypes. How
MEMS devices would fail is not very well understood. At microscopic
level, assumptions in macroscopic level will not always hold. Factors that
can be ignored in macro scale become important in micro scale. Without
sufficient attention on these factors, reliability and quality of MEMS de-
vices can be so impaired that they are unusable or even destroyed the
moment after fabrication. Reliability is the hindering factor to prevent
commercialization and utilization of MEMS device in critical applications.

Today most of the present MEMS products are still prototypes,
but MEMS is the next logical step in the silicon revolution. With a $10
Billion market today, and an estimated market of $34 Billion market in
the year 2002, advances in reliability is a dominating factor to evolve
from prototypes to real-world applications, from infancy to maturity.

The challenging issue in MEMS technology development and
commercialization is justifying its reliability. The reliability issues of
MEMS devices are more than a simple combination of electrical reliabil-
ity, material reliability and mechanical reliability. Fabricating multiple
devices on the same chip will have to deal with more failure modes.
Complex interactions of cross-domain signals, interference and sub-
stances induce new failure modes. For sensor inputs, the chip will have
to be exposed to some environmental stimuli, such as heat, humidity,
vibration, etc. The input and output voltage may not be within the 5
volts range of standard IC. Some actuators need hundreds of volts to
operate. And for microfluidic devices, there might be chemicals and flu-
ids flowing around the chip, with higher potential for corrosion.
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APPENDIX 1: TERMS

actuator

aliasing

alternating current
amplitude modulation
analog input
analog-to-digital
converter (ADC)
antialiasing filter

Antilock Brake System (ABS)
arithmetic logic unit (ALU)

ASIC (Application-Specific
Integrated Circuit)

bandpass filter

carbon nanotubes (CNTSs)

closed loop control

CMOS (Complementary Metal-
Oxide Semiconductor,
Complementary MOS)
combinational logic

counter timer

CPU (Central Processing Unit)

A
CUIOBOW NMpuBOL,
NCMOSTHUTESbHBIM MEXaHU3M
HarnoXXeHue CreKkTpos,
nomMmexa guckpeTtumsauuu,
NCKaXXeHME KOHTYpPOB
nepemMeHHbIN TOK
aMnnMTygHas Mogynsumns
aHanoroBbIN BXo4
aHanoro-ungposon
npeobpasoBartenb, AL
dunbTp ANSa ycTpaHeHus
9P EKTOB HANOXEHNS CNEKTPOB
(Npw guckpeTmsaummn)
aHTMBITOKMPOBOYHAA TOPMO3Has
cucrtema
apumMeTHNKO-normyeckoe yCTponcTeo
NpobneMHo-oOpMeEHTUPOBAHHAs
(cneunanunanpoBaHHas)
WHTerpanbHasi MMKpocxema

B
nonocoBou punbTp, NOSIOCOBON
nponyckaLwmnn punetp
yrnepoaHbie HaHOTPYOKK

C
npasBrieHNe B 3aMKHYTOW CUCTEME;
yrnpaBneHue ¢ obpaTHOM CBA3bIO
KOMMyieMeHTapHas
CTPYKTYypa
MeTasnn-oKCMa-nosynpoBOAHUK
KOMOGUHaTOpHas noruka,
KOMOWHALMOHHbIE NTOrnM4yeckne CXembl
CYETUYMK-TANMeEp,
uMdpoBon HYacToTOMEP
LeHTparbHbIA Npoueccop
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data acquisition

data acquisition system
data acquisition unit
debugger

digital computer

digital control

digital I/O

digital input

digital processing unit
digital-to-analog converter
(DAC)

direct current

DSP

electronic damping
electrostatic actuator
embedded system
energy flow

feedback control system

feedback system

feed-forward control

filtering
FLIR

frequency modulation
frequency response

D
cbop AaHHbIX
cuctema cbopa gaHHbIX
YyCTPOMCTBO cBbopa AaHHbIX
OoTNnagyvK, nporpamMmmMa oTnagku,
oTnago4yHasa nporpamma
LMdpoBOM KOMIMBIOTEP,
umdpoBas BblYUCNUTENBHAs
MalumHa
uMdpoBoe ynpasrieHue;
uMdpoBOE perynnmposaHne
LuMdpoBON BXoL/Bbixoa
LM poBON BXOS,
6ok umdposorn 0b6padoTkn
LMdpo-aHanorosbIn
npeobpasoBartenb, LIAT
NOCTOSAHHbIN TOK
npoueccop undposor 06paboTkn
CUrHanoB

E
3J1IeKTPOHHOE aeMndupoBaHune
3M1IeKTpocCTaTUYEeCKnin NpuUBoA
BCTPOEHHasa cuctema
NOTOK SHEeprum

F
cuctema ynpasreHus
c obpaTHOWN CBA3bIO,
3aMKHyTasa cuctema ynpasreHus
cuctema ¢ obpaTHOM CBA3bIO,
3aMKHyTasa cuctema
ynpexgatoLiee perynmpoBaHume
Unn ynpaeneHue, ynpasneHme
C MPOrHO3npoBaHNEM
duneTpaums
dopmupoBaTenb N30bpaxxeHns
Ha MH(paKpacHbIX nyyax
C NPsIMbIM NpeAacka3aHnem
YacToTHasi MogynALmMS
YacTOTHas XxapakTepucTuka
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harmonic signal

information flow

input binary vector
integrated circuit

internal state vector

knowledge base

LADAR
LAN (local area network)
LCD (liquid-crystal display)

LED (light-emitting diode)
logic analyzer

low-pass filtering

mechatronics software

mechatronics system
mechatronics
MEMS

MFLOPS (Million Floating-
Point Operations Per Second)

microcomputer
microelectromechanical
systems (MEMS)
microprocessor

H
FapMOHVIquKVIVI curHarn

I
NOTOK MHGOpMaLUHK,
NHOPMAaLMOHHBIN NOTOK
BXOAQHOW OMHApPHbLIN BEKTOP
NHTErpanbHasi MUKpocxema,
MUKpoCXema
BEKTOP BHYTPEHHEro COCTOAHUS

K
0asa 3HaHun

L
nasepHbIn SIoKaTop
nokaneHas BblYMCNTENbHAA CETb
XNOKOKPUCTaNIMYeCkUm NHOMKaTop,
XNOKOKPUCTaNIM4eCKnUim aKkpaH
cBeToamon
NOrM4YeCcKNn aHanmnaartop,
aHanmsaTop JIOrMYeCcKUX COCTOSHMI
HM3KOYacTOoTHaA ounbTpauus,
domnbTpaumsa HUXKHUX YacToT

M
nporpaMmmHoe obecrneyeHne
MeXxaTPOHHOM CUCTEMBI
MexaTpoHHas cuctema
MexaTpoHMKa
MUKPO3SIEKTpOMEXaHNYEeCKNe
CUCTEMbI
MUISIMOH onepauunn
C NnaBaloLLEeN TOYKOMN
B CEKyHAy eanHuua
ObICTPOAENCTBUA NpoLeccopa
UM KoMnbtoTeEpa
MUKPOIOBM, MuKpoKkommnbloTEP
MUKPO3SIEKTPOMEXAHNYECKNE
CUCTEMbI
MUKporpoLieccop
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MIPS (Million Instructions
Per Second)

multiply-accumulate instruction
multi-walled carbon nanotubes

(MWNTSs)

nanoelectromechanical
systems (NEMS)
nanomachine

nanomanipulator

output binary vector

peripheral components
interconnect (PCI)
phase-lock looping (PLL)

power amplifier
pressure sensor
programmable Logic Controller

pulse width modulation
RC oscillator

real-time system
robustness control

sampling system
selfreplicating nanorobot

MUWNIMOH KOMaH[,

B CEKyHOy eanHuua
BGbICTpOAENCTBUS npoLeccopa
KOMaHOa YMHOXEHUS C HaKomnneHnem
(MPOMEXYTOYHbBIX CYMM)
MHOrOCIOWHbIE YrnepoaHble
HaHOTPYOKM

N
HaHO3NEeKTpoMexXxaHN4eCKkne CUMCTEMbI

HaHOMallnHa NCKYCCTBEHHaA
MOJeKyndpHaa MallnHa,
M3roToBJ1IE€HHAaA

C ncnosrb3oBaHNEM HAHOTEXHOJTIOTNA
HaHOMaHUNynATop

@)
BbIXOQHOW BUHApPHLI BEKTOP

P
PCl-wuHa

cxema (pa3oBOoW CUHXPOHU3ALUMN;
cuctema gasoBom
aBTOMOACTPOUKN YaCTOThI
YyCUNUTENb MOLLHOCTH

AaTyuvK gaBrieHuns

KOHTponnep

C NporpaMmmMmpyemom JSIormkom
LUMPOTHO-MMMYSTIbCHON MOAYNSALUK

R
RC-reHepaTop
cMCTeMa pearibHOro BpeMeHU
pOBaCTHbLIN KOHTPOSIb

)
ANCKpeTn3aTop
cuctema auckpeTusauum
Mo BpEMEHMU
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sensor

sine wave
single-walled carbon

nanotubes (SWNTSs)
smart actuator

smart sensor
software integration
square wave

step signal

synergistics

time domain
transducer

TTL (transistor-transistor logic)

UART (Universal
Asynchronous
Receiver/Transmitter)

USB (Universal Serial Bus)

validation

verification

CaMOoBOCMNPOnN3BOAALLNNCS
HaHOPOOOT AaTuyuK,
YyBCTBUTENbHbIN 3NIEMEHT
CUHycouaarnbHoe KonebaHue,
rapMoHuyeckas BosiHa
OAHOCIONMHbIE YrNepoaHbie
HaHOTPYOKM
“MHTENNeKTyanbHbIN® akTyaTop,
CUITOBOW NPUBO/A C 3rieMeHTaMu
MCKYCCTBEHHOIO UHTENmeKTa
“MHTenneKTyanbHbIN” CeHCOop
KOMIMOHOBKa CUCTEMBI
nporpaMmmMHoro obecrneveHus
NPAMOYrOSibHbIN UMMYIILC;
NpPSIMOYrofibHasi BOSIHa
CTyneH4yaTbl curHarsn
CUHepreTuka

T
obnacTtb BpeMeHu
npeobpasoBaTens;

AaTymK; NPUEMHUK
TPaH3MCTOPHO-TPAH3NCTOPHas
noruka, TTJ1

U
YHUBepcasibHbIl aCUHXPOHHbIN
npuéemMonepenaTynk

YHUBEpCcanbHas
nocnegoBaTernbHas LWWHA,
wurHa USB

\%
NpoBepKa JOCTOBEPHOCTHU;
NOATBEPXXAEHNE NPaBUbHOCTY
KOHTPOIb; NpoBepkKa
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APPENDIX 2: WRITING ANNOTATION

1 Definition of the term “Annotation”

Annotation is a concise description of a particular work, including im-

portant aspects of content not evident in the title It enables the re-

searcher to establish the relevance of a specific work and to decide
whether to read the full text of the work.

Basics of Writing Annotations for 3"-year

Computer Science Students

Annotation is add on information asserted with a particular point in a
document or other piece of information. Most commonly this is used,
for example, in draft documents, where another reader has written
notes about the quality of a document at a certain point, “in the mar-
gin”. Annotations about bibliographical sources, labeled annotated
bibliographies, give descriptions about how each source is useful to
an author in constructing a paper or argument. Creating these blurbs,
usually a few sentences long, establishes a summary for and ex-
presses the relevance of each source prior to writing.
http://en.wikipedia.org/wiki/Annotation

2 Elements of an Annotation
Information found in an annotation may include:

A qualifications of author(s)

B ‘Based on 20 years of study, William A. Smith, Professor of Eng-
lish at Leeds University...’;

outline of the major thesis, theories, and ideas (i.e. main purpose
and scope):

‘...sets out to place John Turner in eighteenth century England
and show the development of his philosophy in relation to con-
temporary social mores’;

audience and level of reading difficulty:

‘Smith addresses himself to the scholar, albeit the concluding
chapters on capital punishment will be clear to any informed lay-
man’;

G major bias or standpoint of author in relation to his theme or topic:

o O

mm
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H ‘Turner gears his study more to the romantic aspects of the age
than the scientific and rational developments’;

| relationship of work to other works in the field:

J ‘Here Turner departs drastically from A.F. Johnson (Two will not,

New York, Riposte Press, 1964) who not only has developed the

rational themes of the eighteenth century but is convinced the

romantic elements at best are only a skein through the major

prose and poetry’;

findings, results, and conclusions (if available); and

special features (e.g., bibliography, glossary, index, survey, in-

struments, testing devices, etc.).

- X

3 Structure of an Annotation

Although there is no lower limit, annotations should not exceed 150
words. The third person should always be used.

4  Language and Vocabulary

Use the vocabulary of the author, as far as possible, to convey the
ideas and conclusions of the author; paraphrasing can lead the reader
into channels of thought unintended by the author. In these cases
where you decide to include a quotation taken from the work, set it
within quotation marks. Avoid introducing annotations with superfluous
and/or redundant phrases like ‘The author states,” ‘This article con-
cerns,’” ‘This new contribution to,” or ‘The purpose of this report is.” Al-
so avoid the monotonous repetition of sentences starting with ‘It was
suggested that,” ‘It was found that,” and ‘It was reported that.” Annota-
tions in which most sentences end with ‘are discussed’ and ‘are given’
are similarly ineffective.

5 Format — Sentences

Whole sentences are preferable, but more telegraphic sentences, sin-
gle descriptive words, and simple phrases or lists are acceptable.
When sentences are used, sentence length should vary as much as
possible to avoid the unpleasant effect of a series of short, choppy
sentences. Every sentence should convey a maximum amount of in-
formation in a minimum number of words. Overlong, complex sen-
tences should be avoided.
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6 Format — Paragraphs

Annotations should be one paragraph long. The paragraph should
contain a statement of the work’s major thesis, from which the rest of
the sentences can develop. You can avoid writing a paragraph that is
nothing more than a series of unconnected sentences summarizing
separate ideas, arguments, and conclusions, by following the same
order of information as the author and by intelligently using transitional
words and phrases.
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TEACHERS BOOK OF MECHATRONICS

Unit 1
Basics of Mechatronics

Objectives

Reading: reading for detailed understanding of a text and
text structure

Listening: listening for getting detailed information
Vocabulary: word formation, gaps filling, matching, open
cloze

Grammar: active and passive voices

Speaking: describing a figure, making a presentation
Writing: writing an annotation

LEAD-IN

1 The activity introduces the problem involved in the unit. Students
study the pictures and definitions and draw their own definition of
mechatronics open-class.

2 Gaps filling. Students study the gaped text and fill in the words
given in the box.

Answers:

natural
engineering
technologies
twentieth
mechatronics

'i/hl)) LISTENING

3 Students read the summary of the text, then listen to the tape and
fill in the gaps. Students do the task individually before checking it
open-class.

A wWN -
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Answers:

1 has evolved

2 mechanism

3 electronics

4 accurate

5 engineering design
6 integrated

7 investigative studies
8 wireless

9 embedded systems
10 design paradigm

Tapescript:

Basic Definitions

The definition of mechatronics has evolved since the original
definition by the Yasakawa Electric Company. In trademark applica-
tion documents, Yasakawa defined mechatronics in this way: The
word, mechatronics, is composed of “mecha” from mechanism and
the “tronics” from electronics. In other words, technologies and devel-
oped products will be incorporating electronics more and more into
mechanisms, intimately and organically, and making it impossible to
tell where one ends and the other begins.

The definition of mechatronics continued to evolve after Yasa-
kawa suggested the original definition. Oneoft quoted definition of
mechatronics was presented by Harashima, Tomizuka, and Fukada in
1996. In their words, mechatronics is defined as the synergistic inte-
gration of mechanical engineering, with electronics and intelligent
computer control in the design and manufacturing of industrial prod-
ucts and processes.

That same year, another definition was suggested by Auslander
and Kempf: Mechatronics is the application of complex decision mak-
ing to the operation of physical systems.

Yet another definition due to Shetty and Kolk appeared in 1997:
Mechatronics is a methodology used for the optimal design of elec-
tromechanical products.

More recently, we find the suggestion by W. Bolton: A mecha-
tronic system is not just a marriage of electrical and mechanical sys-
tems and is more than just a control system; it is a complete integra-
tion of all of them.
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All of these definitions and statements about mechatronics are ac-
curate and informative, yet each one in and of itself fails to capture the
totality of mechatronics. Despite continuing efforts to define mechatron-
ics, to classify mechatronic products, and to develop a standard mecha-
tronics curriculum, a consensus opinion on an all-encompassing descrip-
tion of “what is mechatronics” eludes us. This lack of consensus is a
healthy sign. It says that the field is alive, that it is a youthful subject.
Even without an unarguably definitive description of mechatronics, engi-
neers understand from the definitions given above and from their own
personal experiences the essence of the philosophy of mechatronics.

For many practicing engineers on the front line of engineering de-
sign, mechatronics is nothing new. Many engineering products of the last
25 years integrated mechanical, electrical, and computer systems, yet
were designed by engineers that were never formally trained in mecha-
tronics per se. It appears that modern concurrent engineering design
practices, now formally viewed as part of the mechatronics specialty, are
natural design processes. What is evident is that the study of mechatron-
ics provides a mechanism for scholars interested in understanding and
explaining the engineering design process to define, classify, organize,
and integrate many aspects of product design into a coherent package.
As the historical divisions between mechanical, electrical, aerospace,
chemical, civil, and computer engineering become less clearly defined,
we should take comfort in the existence of mechatronics as a field of
study in academia. The mechatronics specialty provides an educational
path, that is, a roadmap, for engineering students studying within the tra-
ditional structure of most engineering colleges. Mechatronics is generally
recognized worldwide as a vibrant area of study. Undergraduate and
graduate programs in mechatronic engineering are now offered in many
universities. Refereed journals are being published and dedicated con-
ferences are being organized and are generally highly attended.

It should be understood that mechatronics is not just a convenient
structure for investigative studies by academicians; it is a way of life in
modern engineering practice. The introduction of the microprocessor
in the early 1980s and the ever increasing desired performance to
cost ratio revolutionized the paradigm of engineering design. The
number of new products being developed at the intersection of tradi-
tional disciplines of engineering, computer science, and the natural
sciences is ever increasing. New developments in these traditional
disciplines are being absorbed into mechatronics design at an ever in-
creasing pace. The ongoing information technology revolution, ad-
vances in wireless communication, smart sensors design (enabled by
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MEMS technology), and embedded systems engineering ensures that
the engineering design paradigm will continue to evolve in the early
twenty-first century.

READING
4  Students read the text and mark the statements True or False.
Ask students to correct the false statements.

Answers:

coO~NOOOT PR WN -
B R

VOCABULARY AND GRAMMAR

5 The activity is aimed at introduction of the terminology of the unit.
Student match terms with their definitions in pairs before checking it
open-class.

Answers:

2 OO NOOOAAPRLWN -~

o
—TOCITITMOoO>rPmMO®

6 The activity is aimed at perfection of knowledge of the Passive
voice. Students open the brackets in the sentences and fill the gaps
with the proper form of Passive voice.
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Answers:

were invented

was developed

are completely coupled

was also being developed
was introduced, was granted

A wWON -

7 Students find mistakes in the text and correct them. Students do
the task individually or in pairs, then check it open-class.

Answers:
1 Included
2 ok
3 is studied
4 ok
5 ok
6 Is accepted
7 ok
8 is known
9 was rooted
10 ok
11 be filled
12 ok
13 ok
SPEAKING

8 In pairs or groups of three students study the figure which repre-
sents key elements of mechatronics then comment on these aspects
open-class.

9 Students are given 5 situations. They choose one from offered
variants and present it after some minutes thinking.

READING

10 Students tell what they know they know about the history of
mechatronics.

11 Students read the text and answer the questions to it.
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SELF-STUDY SECTION

12 Students choose 3 words or word combinations on the topic
“Mechatronics” from the text, activity 11 and give definitions.

13 This activity represents Word Formation. This consists of a short
text with 15 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

philosophical
activities
evolutionary
revolutionary
integration
mechanical
extent
various
characterizing
10 physical

11 actuators,
12 contribute
13 defined

14 education
15 coverage

OCoO~NOOOAPRRWN -

14 The activity represents Open Cloze. This is a text with 10 single-
word gaps. This question tests students’ knowledge of grammatical
patterns. Students read the text once through for general understand-
ing, identifying the type of word missing in each gap. They should only
write one word in each gap. When students have finished, they read
the text again to check that their answers make sense. Students work
individually before checking the answers open-class.
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Answers:

be
by
and
for
will
when
of
such
Other
0 may

2 OO NOOAPRLWN -~

WRITING

15 Students write an annotation according to the instructions given.
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Unit 2
Physical System Modeling

Objectives

Reading: reading for detailed understanding of a text and
text structure

Listening: listening for getting detailed information
Vocabulary: word formation, gaps filling, giving definitions
Grammar: compound nouns

Speaking: making up dialogues

Writing: an article, a report, a composition, an annotation

LEAD-IN
1 The activity introduces the problem involved in the unit. Students
study the scheme of a classical mechanical-electronic system, then

explain the connection between all the components in it.

2 Students read the text “Ways of Integration” and put the abstracts
in the right order.

Answers

ouhwWN-=
OTMO>»wm

READING

3 Students read the magazine article about the functions of mecha-
tronic systems, and then choose the most suitable heading from the
list A—F. G is an extra heading which should not be used.

Answers:

A 5
B 2
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'im LISTENING

4  Students listen to the text and for questions 1 — 8 fill in the gaps.
Pay attention of the students that they should write not more than 3
words in each gap.

Answers:

feedforward
measured
constructions
friction
adaptive
combination
allows
tensions

O~NOOOT PR WN -~

Tapescript:
Improvement of Operating Properties

By applying active feedback control, precision is obtained not only
through the high mechanical precision of a passively feedforward con-
trolled mechanical element, but by comparison of a programmed ref-
erence variable and a measured control variable. Therefore, the me-
chanical precision in design and manufacturing may be reduced
somewhat and more simple constructions for bearings or slideways
can be used.

An important aspect is the compensation of a larger and time vari-
ant friction by adaptive friction compensation. Also, a larger friction on
cost of backlash may be intended (such as gears with pretension), be-
cause it is usually easier to compensate for friction than for backlash.

Model-based and adaptive control allow for a wide range of oper-
ation, compared to fixed control with unsatisfactory performance
(danger of instability or sluggish behavior). A combination of robust
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and adaptive control allows a wide range of operation for flow-, force-,
or speed-control, and for processes like engines, vehicles, or aircraft.
A better control performance allows the reference variables to move
closer to the constraints with an improvement in efficiencies and yields
(e.g., higher temperatures, pressures for combustion engines and tur-
bines, compressors at stalling limits, higher tensions and higher speed
for paper machines and steel mills).

VOCABULARY AND GRAMMAR

5 Students give names to the things, units, etc. using information
about compound nouns.

6 Students give short explanations to the items, using information
about compound nouns.

SPEAKING
7  Students make up dialogues covering one of the topics given.
READING

8 Students study the diagram and use it to tell about the historical
development of mechanical, electrical, and electronic systems.

9 Students read the text and answer the questions to it.

10 Students study the figure and for Questions 1-10 fill the gaps
in the text with the words from it. Use not more than two words for
each gap.

Answers:

reference variables
measured variables
information flow
manipulated variables
actuators

monitored variables
mechanical

electrical

ONO TR, WN -~
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9 thermal
10 energy converters

SELF-STUDY SECTION

11 Students look for compound nouns in the text, activities 9, 10,
and then give explanations to them.

12 This activity represents Word Formation. This consists of a short
text with 10 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

designing
imbedding
sensors
limited
arranged
lead

larger
connections
possibilities
proper

CLOWOM~NOODRWN--
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13 This activity represents Gaps Filling. Students read the text with
12 Gaps and for Questions 1-12 fill the gaps in it with the words
from the box.

Answers:

1 software integration
2 control
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influence

online information
available signals
problem solutions
algorithms
equations

methods

10 models

11 performance criteria
12 Properties

OCoo~NOoOOTLh~ W

WRITING

14  Students choose one of the topics given and do a written task:
they write an article, a report or a composition.

15 Students read the text and write an annotation to it.
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Unit 3
Sensors and Actuators

Objectives

Reading: reading for detailed understanding of a text and
text structure

Listening: listening for getting detailed information
Vocabulary: gaps filling, completing a crossword, multiple
choice cloze, word formation

Grammar: explanations and definitions

Speaking: making a report

Writing: writing an annotation, an essay

LEAD- IN

1 In pairs or groups of three students look at the diagrams and an-
swer the questions given. Then check the answers open-class.

2 Students read the names of the signals and say what picture from
activity 1 shows each of them.

Answers:

oA wWN
>

READING

3 Students read the text to check whether they were right or not
when answering the questions, activity 1.

4  The activity represents Multiple Choice Cloze. For each gap, stu-
dents choose an answer from three options: A, B or C.

Answers:

C
A

N —
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5 Students study the abbreviations and say what they stand for.
Answers:

1 LADAR — LAser Detection and Ranging

2 FLIR — forward looking infrared

3 PWM - pulse width modulated

4 EIA — Electronics Industries Alliance

5 ADC - analog-to-digital converter

6 TCP\IP — Transmission Control Protocol/Internet Protocol
7 FET - field-effect transistors

8 MOSFET — metal-oxide field-effect transistors

9 DC - direct current

10 AC - alternating current

6 Students listen to the recording and identify the terms being de-
scribed. J (Measurement) — the definition is not given

Answers:

E (Sensor)

A (Actuator)

K (Microcontroller)

B (Digital-to-analog converter)
G (Antilock Braking System)
H (Mechatronics)

| (Microprocessor)

L (Switch)

D (Modulation)

10 N (Frequency response)

11 C (Synergy)

12 O (Filtering)

13 M (Data Acquisition)

14 F (Systems engineering)

OCoOoO~NOOOOPRWN -
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Tapescript:

1
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7

8
9

a device which detects or measures some condition or property
and records, indicates, or otherwise responds to the information
received.

a device which causes the operation.

a device which consists of a microprocessor plus memory and
other attached devices

an apparatus for converting digital signals into analog ones.

a system which is intended to prevent a wheel from locking up
and thus having the driver loose directional control of the vehicle
due to skidding.

the branch of technology which combines mechanical engineer-
ing with electronics and control theory applications

a device that can function as the central processing unit of a
computer and consist of one or more integrated circuits or chips.
a device for making and breaking a connection in a circuit.

the process of modulating a wave, especially in order to impress
a signal on it.

10 the way in which the output-input ratio of a device depends on the

signal frequency

11 a combined or correlated action of a group of parts which lead to

combined effect grater than sum of their separate effects

12 the attenuation (lessening) of certain frequencies from a signal, it

can remove noise from a signal and condition the line for better
data transmission.

13 the action of data collection
14 the investigation of complex system in relation to the apparatus

that is or might be involved in them.

VOCABULARY AND GRAMMAR

7

Students read 10 sentences with gaps and fill them with the

words, activity 6.

Answers:

1
2
3

4

Integrated sensors and microcomputers lead to smart sensors.
Integrated actuators and microcomputers lead to smart actuators.
The process of data acquisition begins with the measurement of
a physical value by a sensor.

A digital-to-analog converter (DAC) is then often used to con-
vert the digital value into an analog signal.
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Switches are simple state devices that control some activity.

A PLC is a simpler, more rugged microcontroller designed for in-

dustrial environments.

7 Mechatronics is a natural stage in the evolutionary process of
modern engineering design.

8 Measured variables are the inputs for an information flow
through the digital electronics resulting in manipulated variables
for the actuators.

9 A primary energy flows into the machine and is then either di-
rectly used for the energy consumer in the case of an energy
transformer, or converted into another energy form in the case of
an energy converter.

10 Signal conditioning is the modification of a signal to make it

more useful to a system.

o O

8 In pairs students complete the crossword. Then check the answers
open-class.

Answers:
Across:

2 analogue-digital
3 electronics
4 alternating
6 engineering
8 mechanics
9 sensor

10 timerDown:

1 microprocessor
5 direct
7 design

SPEAKING
9 Students make up a report covering any of the suggested aspects.
READING

10 Students study the diagram and explain the connection of all its
components.
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11 Students read the text and answer the questions to it.
SELF-STUDY SECTION

12 This activity represents Word Formation. This consists of a short
text with 10 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

1 modeling

2 carried

3 evolutionary
4 possible

5 unified

6 validity

7 integrate

8 emphasize
9 phenomena
10 fabrication

13 This activity represents Multiple Choice Cloze. This is a text with
10 single-word gaps. For each gap, students choose an answer from
four options: A, B, C or D. Students read through the text for meaning
before reading the four options. When students have finished, they
read the text again to check that their answers make sense. Students
work individually before checking the answers open-class.

Answers:

WN =
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WRITING
13 Students read the text, activity 3, again and write an annotation to it.

14 Students write an essay on the topic given.
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Unit 4
Systems and Controls

Objectives
Reading: reading for detailed understanding of a text and
text structure
Listening: listening for getting detailed information
Vocabulary: word formation, abbreviations, definitions
Grammar: word formation (prefixes)
Speaking: making a report
Writing: describing a diagram, writing an annotation

LEAD- IN

1 In pairs or groups of three students look at the diagram and de-
scribe the connection of all components in it.

2 Students read the text and put the abstracts in the right order.

Answers

~NOoO R WN =
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LISTENING

3  Students study the abbreviations and say what they stand for.

Answers:
1 ADC - analog-to-digital converter
2 CPU - central processing unit
3 DAC - digital-to-analog converter
4 DSP - digital signal processor
5 LAN — local area network
6 LCD - liquid crystal display
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7 LED - light emitting diode

8 MFLOPS - million floating-point operations per second
9 MIPS — million instructions per second

10 PC — personal computer

11 PCB - power control block

12 WWW — World Wide Web

4  Students listen to the recording and mark the statements true or
false. Ask students to correct the false statements.

Answers:

A AN DO NOODRWN -
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Tapescript:
Overview of Control Computers

Huge, complex, and power-consuming single-room mainframe
computers and, later, single-case minicomputers were primarily used
for scientific and technical computing (e.g., in FORTRAN, ALGOL)
and for database applications (e.g., in COBOL). The invention in 1971
of a universal central processing unit (CPU) in a single chip micropro-
cessor caused a revolution in the computer technology. Beginning in
1981, multi-boxes (desktop or tower case, monitor, keyboard, mouse)
or single-box (notebook) microcomputers became a daily-used per-
sonal tool for word processing, spreadsheet calculation, game playing,
drawing, multimedia processing, and presentations. When connected
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in a local area network (LAN) or over the Internet, these “personal
computers (PCs)” are able to exchange data and to browse the World
Wide Web (WWW).

Besides these “visible” computers, many embedded microcom-
puters are hidden in products such as machines, vehicles, measuring
instruments, telecommunication devices, home appliances, consumer
electronic products (cameras, hi-fi systems, televisions, video record-
ers, mobile phones, music instruments, toys, air-conditioning). They
are connected with sensors, user interfaces (buttons and displays),
and actuators. Programmability of such controllers brings flexibility to
the devices (function program choice), some kind of intelligence (fuzzy
logic), and user-friendly action. It ensures higher reliability and easier
maintenance, repairs, (auto)calibration, (auto)diagnostics, and intro-
duces the possibility of their interconnection—mutual communication or
hierarchical control in a whole plant or in a smart house.

Embedded microcomputers are based on the Harvard architec-
ture where code and data memories are split. Firmware (program
code) is cross-compiled on a development system and then resides in
a nonvolatile memory. In this way, a single main program can run im-
mediately after a supply is switched on.

Relatively expensive and shock sensitive mechanical memory de-
vices (hard disks) and vacuum tube monitors have been replaced with
memory cards or solid state disks (if an archive memory is essential)
and LED segment displays or LCDs. A PC-like keyboard can be re-
placed by a device/function specifically labeled key set and/or common
keys (arrows, Enter, Escape) completed with numeric keys, if necessary.

Such key sets, auxiliary switches, large buttons, the main switch,
and display can be located in water and dust resistant operator panels.

Progress in circuit integration caused fast development of micro-
controllers in the last two decades.

Code memory, data memory, clock generator, and a diverse set
of peripheral circuits are integrated with the CPU to insert such com-
plete single-chip microcomputers into an application specific PCB.

Digital signal processors (DSPs) are specialized embedded micro-
processors with some on-chip peripherals but with external ADC/DAC,
which represent the most important input/output channel. DSPs have a
parallel computing architecture and a fixed point or floating point in-
struction set optimized for typical signal processing operations such as
discrete transformations, filtering, convolution, and coding. We can find
DSPs in applications like sound processing/generation, sensor (e.g.,
vibration) signal analysis, telecommunications (e.g., bandpass filter and
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digital modulation/demodulation in mobile phones, communication
transceivers, modems), and vector control of AC motors.

Mass production (i.e., low cost), wide-spread knowledge of opera-
tion, comprehensive access to software development and debugging
tools, and millions of ready-to-use code lines make PCs useful for com-
puting-intensive measurement and control applications, although their
architecture and operating systems are not well suited for this purpose.

5 Let students listen to the recording again if it's necessary and ask
them to describe the diagram.

READING

6 This activity represents a Multiple Choice Cloze. Students read
the text and for questions 1 — 8 choose from the options A, B or C.

Answers:

XN AR WN =
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VOCABULARY AND GRAMMAR

7  Students study the information about prefixes, then complete the
table with the examples related to the topic “Mechatronics.”

8 For Questions 1 — 12 students fill the gaps in the sentences with
the prefixes from the box.

Answers:

microprocessors
impossibility
underwater
nanotechnology
antilock

A wWON -
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6 interaction

7 self-adjustment
8 overshoot

9 semiconductors
10 multiloop

11 microsensors
12 interconnection

SPEAKING

9 Students choose any area of systems and controls and make a
report on it.

10 Students divide into pairs and make up dialogues, using one of
the situations given.

READING
11 Students study the abbreviations and say what they stand for.

Answers:

1 FPU - floating point unit

2 ISP - in-system programming

3 UART - Universal Asynchronous Receiver/Transmitter
4 RTC - real-time counter

5 ENOB - effective number of bits

6 FPGA —field programmable gate array

7 PLC - programmable logic controller

8 LD-ladder diagram

9 SFC-sequential function chart

10 FBD—function block diagram

12 Students read the texts and check their answers.

13 Students read the texts given and describe the importance of the
subjects for design and implementation of Mechatronics systems.

SELF-STUDY SECTION

14 This activity represents Word Formation. This consists of a short
text with 15 gaps. For each gap, a base word (the prompt word) is
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given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

composed
operating
logical
statements
realize
combinational
dependent
construction
memory
typical

10 complex

11 sequential

12 assembled
13 programmable
14 suitable

15 specified

O©CoOoO~NOOPAWN-0

15 Students read the terms from the texts, activity 13 and give defini-
tions to them.

WRITING
16 Students read the texts, activity 13 and write an annotation to it.

17 Students study the diagram and describe the process of data
transmission.
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Unit 5
Computers and Logic Systems

Objectives

Reading: reading for detailed understanding of a text and
text structure

Listening: listening for getting the general idea

Vocabulary: gaps filling, open cloze

Grammar: Word formation: suffixes

Speaking: describing a scheme

Writing: writing an annotation, an essay

LEAD-IN

1 In pairs or groups of four students explain the term ‘logic system’
before checking the task open-class.

2 Open-class students study the pictures and answer the questions
given.

3 In pairs or groups of three students complete the mind map with
their associations with the term ‘logic system’. Then check the an-
swers open-class.

LISTENING

4  Listen to the recording and put the sentences in the right order.
The first sentence is already marked for you. There is one extra sen-
tence which is not on the recording. The sentence under the letter M
is not used.

2 OO NOOAPRLWN -~
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Tapescript:

A

B

The most widely utilized multicomponent microactuators are
those based upon electrostatic transduction.

These actuators can also be regarded as a variable capacitance
type, since they operate in an analogous mode to variable reluc-
tance type electromagnetic actuators (e.g., variable reluctance
stepper motors).

Electrostatic actuators have been developed in both linear and ro-
tary forms.

The two most common configurations of the linear type of elec-
trostatic actuators are the normal-drive and tangential or comb-
drive types.

The typical stroke of a surface micromachined comb actuator is
on the order of a few microns, though sometimes less.

The maximum achievable stroke in a comb drive is limited primar-
ily by the mechanics of the flexure suspension.

The suspension should be compliant along the direction of actua-
tion to enable increased displacement, but must be stiff orthogonal
to this direction to avoid parallel plate contact due to misalignment.
These modes of behavior are unfortunately coupled, so that in-
creased compliance along the direction of motion entails a corre-
sponding increase in the orthogonal direction.

The net effect is that increased displacement requires increased
plate separation, which results in decreased overall force.

The most common configurations of rotary electrostatic actuators
are the variable capacitance motor and the wobble or harmonic
drive motor.

Both motors operate in a similar manner to the comb-drive linear
actuator.

The variable capacitance motor is characterized by high-speed
low-torque operation.

Useful levels of torque for most applications therefore require
some form of significant micromechanical transmission, which do
not presently exist.
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N The rotor of the wobble motor operates by rolling along the stator,
which provides an inherent harmonicdrive-type transmission and
thus a significant transmission ratio (on the order of several hun-
dred times).

O The drawback to this approach is that the rotor motion is not con-
centric with respect to the stator, which makes the already difficult
problem of coupling a load to a micro-shaft even more difficult.

VOCABULARY AND GRAMMAR

5 Students study the tables and complete them with the examples
on the topic Mechatronics.

6 For Questions 1-10 students fill in the gaps in the sentences with
the correct suffix from the box.

Answers:

Measurement
sensitivity
performance
specialist
Miniaturization
Stability
Hardship
processing
manipulation
10 mechatronic

©CoOoO~NOOOAPRWN -

SPEAKING

7  Students study the Input—output configuration of a measurement
system and explain the connection between all the components in it.

8 Students divide into pairs, choose any five terms, activities 1 — 7
and give each other definitions of these terms to guess the words.

READING
9 Students study the abbreviations given and say what they stand for.

1 ALU — an arithmetic logic unit
2 DSP - digital signal processor
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A/D - analog-to-digital

MAC — multiply-accumulate

ASIC - application specific integrated circuits
D/A digital-to-analog

o ()¢ BF SN EY)

10 Student read the first part of the text and say what the mechatron-
ic use of computers is. Ask students to give their own examples of this
way of using computers.

11 Students read the second part of the text about the Mechatronics
and the Real-Time Use of Computers and for questions 1 — 12 fill the
gaps with one of the words from the box.

Answers:

rotate
discrete
sampler
functionality
algorithm
interlock
analog/digital
dedicated
estimate

10 drift

11 delays

12 disturbances

©CoOoO~NOOOPRWN -

12 Students read the third part of the text. Seven sentences have
been removed from it. They choose the most suitable sentence from
the list A-H for each part (1-7) of the text. E — is an extra sentence
which should not be used.

Answers:

NO OT R WDN -
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13 Ask students to read the whole text, activities 10, 11 and 12 again
if it is necessary to answer the questions given.

SELF-STUDY SECTION

14 This activity represents Word Formation. This consists of a short
text with 10 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

applied
solutions
requires
grows
existence
using
higher
minimal
typically
0 selected

2 OO ~NOOPR,WN -~

15 For Questions 1 — 15, students complete the text by writing down
each missing word. Ask students to use only one word for each gap.

Answers:

from
for
to
as
to

abhwN =
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of

or
the

. The
10. by
11.thus
12. while
13. which
14.Due
15. not

© o~

WRITING

16 Students read the topic and write an essay on the topic given.
Ask students to write their assignments of 160-200 words.

17 Students read the text and write an annotation to it.
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Unit 6
Software and Data Acquisition

Objectives

Reading: reading for detailed understanding of a text and
text structure

Listening: listening for getting the general idea

Vocabulary: discourse cloze

Grammar: Organizing information

Speaking: describing a scheme, making up dialogues
Writing: organizing information, writing an annotation

LEAD-IN

1 Students look at the picture which shows nano technologies. Ask
student to say what it is. Let students tell everything they know about
the topic.

2 Students read the first part of the text about new directions in
Nano-, Micro- and Mini-Scale Electromechanical System and make up
3 questions to it. Then divide students into pairs or groups of three to
ask and answer the questions.

LISTENING

3  This activity represents Multiple Choice Cloze. Students listen to
the second part of the text about new directions in Nano-, Micro- and
Mini-Scale Electromechanical System and for questions 1 — 8 choose
the correct variant A — C.

ONOO AP, WN -~
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C
VOCABULARY AND GRAMMAR

4  Students read the given paragraph and practice finding the major
details and minor details by completing the block diagram given below.
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5 Students read the given paragraph and practice finding the major
details and minor details by completing the block diagram given below.

SPEAKING

6 Students study the functional block diagram and explain the con-
nection between all the components in it.

7  Students divide into pairs and make up dialogues, using one of
the situations given.

READING

8 This activity represents Multiple Choice Cloze. Students read the
text about data acquisition and for abstracts 1 — 8 choose a suitable
main idea from the list A — C.

N AR WN
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SELF-STUDY SECTION

9 This activity represents Word Formation. This consists of a short
text with 15 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

1 relevance
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2 effective

3 assessments

4 prediction

5 multidisciplinary
6 educational

7 active

8 accomplishments
9 refining

10 mechanical

11 knowledge

12 skills

13 electromechanical
14 applies

15 objectives

10 For Words 1 — 10 students find synonyms under the letters A — J.

Answers:

outcome — result
exploration — investigation
optimize — perfect
optimal — best
algorithms — sets of rules
embedded — mounted
automate — modify
stability — steadiness
measure — evaluate
faults — mistakes

CQCOWONOOOPA,WN -

—

11 Students read the text and fill the gaps with the words 1 — 10, ac-
tivity 10.

Answers:
automate
optimize
optimal
algorithms
measure
embedded
exploration
stability

O~NOO AP, WN -~
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9 outcome
10 faults

WRITING
12 Ask students to choose one of the paragraphs of text, activity 8
and to practice finding the main idea, major details and minor details

by completing the block diagram given.

13 Students read the text and write an annotation to it.
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Unit 7
Mechatronics engineering

Objectives
Reading: reading for detailed understanding of a text and
text structure
Listening: listening for getting detailed information
Vocabulary: key word transformation, word formation, giving
definitions, organizing information, jigsaw
Grammar: revision
Speaking: presentation
Writing: writing an essay, an annotation

LEAD-IN

1 Students read the title of Unit 7 and say what it will be about. Ask
students to give definition to the term “Mechatronics engineering”.

2 Students study the General computer-control configuration. Ask
students to explain the connection between all the components in it.

READING
3  Students match words with their synonyms in the second column.

Answers:

O©CoO~NOOOAPRWN-=-

10
11
12

i il © 2 I @ T «V B (o Ml i © Ml ¢ )

4  Students read the text and fill the gaps in it with the words, Activity
3. tell students that sometimes the form of the word should be changed.
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Answers:

specifications
experimental
disturbance
variables
urgently
flexible
reductions
facilitate
acquisition
10 applications
11 analysis

12 array

O©CoO~NOOOAPBRWN-=-

LISTENING

5 Students listen to the recording and mark the statements true (T)
or false (F). ask students to correct the false statements.

Answers:

coONOO OV WN -
e B i B

Tapescript:

Far-reaching fundamental and technological advances in electro-
mechanical motion devices (actuators and sensors), power electronics,
solid-state devices, ICs, MEMS and NEMS, materials and packaging,
computers and informatics, microprocessors and DSPs, digital signal
and optical processing, as well as computer-aided-design tools and
simulation software, have brought new challenges to academia, indus-
try, and government. As a result, many engineering schools have re-
vised their curricula in order to offer the relevant interdisciplinary cours-
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es such as Electromechanical Systems and Mechatronics. The basis of
mechatronics is fundamental theory and engineering practice. The at-
tempts to introduce mechatronics have been only partially successful
due to the absence of a long-term strategy. Therefore, coordinated ef-
forts are sought. Most engineering curricula provide a single elective
course to introduce mechatronics to electrical, computer, mechanical,
and aerospace engineering students. Due to the lack of time, it is im-
possible to comprehensively cover the material and thoroughly empha-
size the cross disciplinary nature of mechatronics in one introductory
course. As a result, this undergraduate or dual level course might not
adequately serve the students’ professional needs and goals, and does
not satisfy growing academia, industrial, and government demands.
A set of core mechatronic courses should be integrated into the engi-
neering curriculum, and laboratory- and project-oriented courses should
be developed to teach and demonstrate advanced hardware and soft-
ware with application to complex electromechanical systems. The rele-
vance of fundamental theory, applied results, and experiments is very
important and must be emphasized. The great power and versatility
of mechatronics, not to mention the prime importance of the results it
approaches in all areas of engineering, make it worthwhile for all engi-
neers to be acquainted with the basic theory and engineering practice.
There is no end to the application of mechatronics and to the further
contribution to this interdisciplinary concept.

We have just skimmed the surface of mechatronics application to
advanced electromechanical systems. New trends will be researched
and applied in the near future because mechatronics is an engineering—
science—technology frontier. For example, novel phenomena and oper-
ating principles in NEMS and MEMS can be devised, studied, analyzed,
and verified using nanomechatronics and nanoelectromechanics.

VOCABULARY AND GRAMMAR

6 The activity represents ‘Key’ Word Transformation. For Questions
1 — 8, students complete the second sentence so that it has a similar
meaning to the first sentence, using the word given.

1 SWNTs can be used as electromechanical actuators.

2 These nanoscale electromechanical devices were used to ma-
nipulate and interrogate nanostructures.

3 This device could be used to manipulate biological cells or even
manipulate organelles and clusters within human cells.
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7

A wide variety of nanoscale manipulators have been proposed
including pneumatic manipulators that can be configured to make
tentacle, snake, or multi-chambered devices.

Currently, much thought is being devoted to molecular assembly
and self-replicating devices (selfreplicating nanorobots).

A set of core mechatronic courses should be integrated into the
engineering curriculum.

The relevance of fundamental theory, applied results, and exper-
iments is very important and must be emphasized.

The role of mechatronics in modern engineering is discussed
and documented.

Ask students to divide into pairs or groups of three, read three

groups of the parts of the words representing prefixes, suffixes and
stems and make up as many words as possible. Ask student to define
parts of speech of the words they’ve built.

Possible answers:

O©CoO~NOOOTBRWN -

10
11
12
13
14

8

unwanted
converter
alternatively
consequently
periodic
unstrobed
dependent
presentation
readable
information
relation
enhancement
relative

etc

Students give short explanations to the items given. Remind stu-

dents about the information about compound nouns.

9

Students read the paragraph and practice finding the main idea,

major details and minor details by completing the block diagram given
below.
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SPEAKING

10 Students are given 10 themes. Ask students to choose one of
them, formulate a topic and make a plan for its oral presentation, then
make a report in not less than 200 — 250 words.

READING

11 Students read the text and for Questions 1 — 8, choose the correct
mark T (true) or F (false). Ask students to correct the false statements.

Answers:

F
T

O~NOO O PR WN -~
MM T

12 Students are going to read an extract from the text “Na-
nomachines”. For Questions 1-8, they should choose the correct an-
swer A, B, C or D.

Answers:

oO~NO A WN=
OO0O>W>UW

13 In the jigsaw students should find 20 words on the topic “Mec-
ahtronics”.

Answers:

1 actuator
2 aliasing
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10
11
12
13
14
15
16
17
18
19
20

14

amplifier
bus

circuit
control
current
feedback
filter

flow

loop
mechatronics
pulsewidth
robust
sensor
signal
sinewave
synergistic
transducer
verification

This activity represents Word Formation. This consists of a short

text with 15 gaps. For each gap, a base word (the prompt word) is
given. Students have to form the correct word for the gap using this
prompt word. Students read through the text to get an idea of what
they are about, deciding what part of speech they need for each gap.
The needed word could be a noun, verb, adjective or adverb. Tell stu-
dents to look at the base word. They may need to add a prefix, suffix,
to change the middle, or a combination of these. Students must be
careful about negatives and plurals. When students have finished,
they read the text again to check that their answers make sense. Stu-
dents work individually before checking the answers open-class.

Answers:

NOoO O WN -

effects
promising
machinery
logical
Reliability
electronic
complicated
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8 atomic
9 fail
10 reliability

15 Students read the topic and write an essay on the topic given.
Ask students to write their assignments of 160—-200 words.

16 Students read the text and write an annotation to it.
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