
“Electrical Engineering Design”.

In Section 1 of this course you will cover these topics:
Engineering Design

Project Implementation

Topic : Engineering Design

Topic Objective:

 Learn about the design as a Process

 Learn about the typical Steps of a Design

 Learn about the common Features of Engineering Drawing

Definition/Overview:

Engineering: Engineering is the discipline and profession of applying technical and scientific

knowledge and utilizing natural laws and physical resources in order to design and implement

materials, structures, machines, devices, systems, and processes that safely realize a desired

objective and meet specified criteria. The American Engineers' Council for Professional

Development (ECPD, the predecessor of ABET) has defined engineering as follows: The

creative application of scientific principles to design or develop structures, machines, apparatus,

or manufacturing processes, or works utilizing them singly or in combination; or to construct or

operate the same with full cognizance of their design; or to forecast their behavior under specific

operating conditions; all as respects an intended function, economics of operation and safety to

life and property. One who practices engineering is called an engineer, and those licensed to do

so may have more formal designations such as European Engineer, Professional Engineer,

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

1
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Chartered Engineer, or Incorporated Engineer. The broad discipline of engineering encompasses

a range of more specialized subdisciplines, each with a more specific emphasis on certain fields

of application and particular areas of technology.

Key Points:

1. Design as a Process

Design as a process can take many forms depending on the object being designed and the

individual or individuals participating.

1.1. Drafting a Design

According to video game developer Dino Dini in a talk given at the 2005 Game Design

and Technology Workshop held by Liverpool JM University, design underpins every

form of creation from objects such as chairs to the way we plan and execute our lives. For

this reason it is useful to seek out some common structure that can be applied to any kind

of design, whether this be for video games, consumer products or one's own personal life.

For such an important concept, the question "What is Design?" appears to yield answers

with limited usefulness. Dino Dini states that the design process can be defined as "The

management of constraints". He identifies two kinds of constraint, negotiable and non-

negotiable. The first step in the design process is the identification, classification and

selection of constraints. The process of design then proceeds from here by manipulating

design variables so as to satisfy the non-negotiable constraints and optimizing those

which are negotiable. It is possible for a set of non-negotiable constraints to be in conflict

resulting in a design with no solution; in this case the non-negotiable constraints must be

revised. For example, take the design of a chair. A chair must support a certain weight to

be useful, and this is a non-negotiable constraint. The cost of producing the chair might

be another. The choice of materials and the aesthetic qualities of the chair might be

negotiable. Dino Dini theorizes that poor designs occur as a result of mismanaged
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constraints, something he claims can be seen in the way the video game industry makes

"Must be Fun" a negotiable constraint where he believes it should be non-negotiable. It

should be noted that "the management of constraints" may not include the whole of what

is involved in "constraint management" as defined in the context of a broader Theory of

Constraints, depending on the scope of a design or a designer's position.

2. Typical Steps of a Design

A design process may include a series of steps followed by designers. Depending on the product

or service, some of these stages may be irrelevant, ignored in real-world situations in order to

save time, reduce cost, or because they may be redundant in the situation.

Typical stages of the design process include:

 Pre-production design

o Design brief - a statement of design goals

o Analysis - analysis of current design goals

o Research - investigating similar design solutions in the field or related topics

o Specification - specifying requirements of a design solution for a product

(product design specification) or service.

o Problem solving - conceptualizing and documenting design solutions

o Presentation - presenting design solutions

 Design during production

o Development - continuation and improvement of a designed solution

o Testing - in-situ testing a designed solution

 Post-production design feedback for future designs

o Implementation - introducing the designed solution into the environment

o Evaluation and conclusion - summary of process and results, including

constructive criticism and suggestions for future improvements

 Redesign - any or all stages in the design process repeated (with corrections made) at any

time before, during, or after production.
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3. Common Features of Engineering Drawing

Drawings convey the following critical information:

 Geometry the shape of the object; represented as views; how the object will look when it

is viewed from various standard directions, such as front, top, side, etc.

 Dimensions the size of the object is captured in accepted units.

 Tolerances the allowable variations for each dimension.

 Material represents what the item is made of.

 Finish specifies the surface quality of the item, functional or cosmetic. For example, a

mass-marketed product usually requires a much higher surface quality than, say, a

component that goes inside industrial machinery.

3.1. Lines Styles and Types

A variety of line styles graphically represent physical objects. Types of lines include the

following:

o visible are continuous lines used to depict edges directly visible from a

particular angle.

o hidden are short-dashed lines that may be used to represent edges that are not

directly visible.
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o center are alternately long- and short-dashed lines that may be used to

represent the axes of circular features.

o cutting plane are thin, medium-dashed lines, or thick alternately long- and

double short-dashed that may be used to define sections for section views.

o section are thin lines in a pattern (pattern determined by the material being

"cut" or "sectioned") used to indicate surfaces in section views resulting from

"cutting." Section lines are commonly referred to as "cross-hatching."

Lines can also be classified by a letter classification in which each line is given a letter.

o Type A lines show the outline of the feature of an object. They are the thickest

lines on a drawing and done with a pencil softer than HB.

o Type B lines are dimension lines and are used for dimensioning, projecting,

extending, or leaders. A harder pencil should be used, such as a 2H.

o Type C lines are used for breaks when the whole object is not shown. They

are freehand drawn and only for short breaks. 2H pencil

o Type D lines are similar to Type C, except they are zigzagged and only for

longer breaks. 2H pencil

o Type E lines indicate hidden outlines of internal features of an object. They

are dotted lines. 2H pencil

o Type F lines are Type F[typo] lines, except they are used for drawings in

electrotechnology. 2H pencil

o Type G lines are used for centre lines. They are dotted lines, but a long line of

1020 mm, then a gap, then a small line of 2 mm. 2H pencil

o Type H lines are the same as Type G, except that every second long line is

thicker. They indicate the cutting plane of an object. 2H pencil

o Type K lines indicate the alternate positions of an object and the line taken by

that object. They are drawn with a long line of 1020 mm, then a small gap,

then a small line of 2 mm, then a gap, then another small line. 2H pencil.
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Topic : Project Implementation

Topic Objective:

 Define Project Management

 Explain the Project Development Stages

 Learn about the Project Control Systems

Definition/Overview:

Project Management: Project management is the discipline of planning, organizing and

managing resources to bring about the successful completion of specific project goals and

objectives. A project is a finite endeavor (having specific start and completion dates) undertaken

to create a unique product or service which brings about beneficial change or added value. This

finite characteristic of projects stands in sharp contrast to processes, or operations, which are

permanent or semi-permanent functional work to repetitively produce the same product or

service. In practice, the management of these two systems is often found to be quite different,

and as such requires the development of distinct technical skills and the adoption of separate

management. The primary challenge of project management is to achieve all of the project goals

and objectives while honoring the project constraints. Typical constraints are scope, time and

budget. The secondaryand more ambitiouschallenge is to optimize the allocation and integration

of inputs necessary to meet pre-defined objectives.
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Key Points:

1. Project Development Stages

Traditionally, project development includes a number of elements: four to five stages, and a

control system. Regardless of the methodology used, the project development process will have

the same major stages:

 Initiation

 Planning or development,

 Production or execution,

 Monitoring and controlling

 Closing.

1.1. Initiation

The initiation stage determines the nature and scope of the development. If this stage is

not performed well, it is unlikely that the project will be successful in meeting the

businesss needs. The key project controls needed here are an understanding of the

business environment and making sure that all necessary controls are incorporated into

the project. Any deficiencies should be reported and a recommendation should be made

to fix them. The initiation stage should include a cohesive plan that encompasses the

following areas:

o Study analyzing the business needs in measurable goals.

o Review of the current operations.

o Conceptual design of the operation of the final product

o Equipment and contracting requirements including an assessment of 'long-

lead' items

o Financial analysis of the costs and benefits including a budget

o Stakeholder analysis, including users, and support personnel for the project

o Project charter including costs, tasks, deliverables, and schedule
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1.2. Planning and design

After the initiation stage, the system is designed. Occasionally, a small prototype of the

final product is built and tested. Testing is generally performed by a combination of

testers and end users, and can occur after the prototype is built or concurrently. Controls

should be in place that ensure that the final product will meet the specifications of the

project charter. The results of the design stage should include a product design that:

o Satisfies the project sponsor, end user, and business requirements

o Functions as it was intended

o Can be produced within quality standards

o Can be produced within time and budget constraints

1.3. Executing

Executing consists of the processes used to complete the work defined in the project

management plan to accomplish the project's requirements. Execution process involves

coordinating people and resources, as well as integrating and performing the activities of

the project in accordance with the project management plan. The deliverables are

produced as outputs from the processes performed as defined in the project management

plan.

1.4. Monitoring and Controlling

Monitoring and Controlling consists of those processes performed to observe project

execution so that potential problems can be identified in a timely manner and corrective

action can be taken, when necessary, to control the execution of the project. The key

benefit is that project performance is observed and measured regularly to identify

variances from the project management plan. Monitoring and Controlling includes:
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o Measuring the ongoing project activities (where we are);

o Monitoring the project variables (cost, effort, ...) against the project

management plan and the project performance baseline (where we should be);

o Identify corrective actions to properly address issues and risks (How can we

get on track again);

o Influencing the factors that could circumvent integrated change control so

only approved changes are implemented

In multi-phase projects, the Monitoring and Controlling process also provides feedback

between project phases, in order to implement corrective or preventive actions to bring

the project into compliance with the project management plan. Project Maintenance is an

ongoing process, and it includes:

o Continuing support of end users

o Correction of errors

o Updates of the software over time

In this stage, auditors should pay attention to how effectively and quickly user problems

are resolved. Over the course of any construction project, the work scope changes.

Change is a normal and expected part of the construction process. Changes can be the

result of necessary design modifications, differing site conditions, material availability,

contractor-requested changes, value engineering and impacts from third parties, to name

a few. Beyond executing the change in the field, the change normally needs to be

documented to show what was actually constructed. This is referred to as Change

Management. Hence, the owner usually requires a final record to show all changes or,

more specifically, any change that modifies the tangible portions of the finished work.

The record is made on the contract documents usually, but not necessarily limited to, the

design drawings. The end product of this effort is what the industry terms as-built

drawings, or more simply, asbuilts. The requirement for providing them is a norm in

construction contracts. When changes are introduced to the project the viability of the

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

9
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



project has to be assessed again. It is important not to lose sight of the initial goals and

targets of the projects. When the changes accumulate, the forecasted end result may not

justify the proposed investment.

1.5. Closing

Closing includes the formal acceptance of the project and the ending thereof.

Administrative activities include the archiving of the files and documenting lessons

learned. Closing phase consists of two parts:

o Close project: to finalize all activities across all of the process groups to

formally close the project or a project phase

o Contract closure: necessary for completing and settling each contract,

including the resolution of any open items, and closing each contract

applicable to the project or a project phase.

2. Project control systems

Project control is that element of a project that keeps it on-track, on-time and within budget.

Project control begins early in the project with planning and ends late in the project with post-

implementation review, having a thorough involvement of each step in the process. Each project

should be assessed for the appropriate level of control needed: too much control is too time

consuming, too little control is very risky. If project control is not implemented correctly, the

cost to the business should be clarified in terms of errors, fixes, and additional audit fees. Control

systems are needed for cost, risk, quality, communication, time, change, procurement, and

human resources. In addition, auditors should consider how important the projects are to the

financial statements, how reliant the stakeholders are on controls, and how many controls exist.

Auditors should review the development process and procedures for how they are implemented.

The process of development and the quality of the final product may also be assessed if needed

or requested. A business may want the auditing firm to be involved throughout the process to
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catch problems earlier on so that they can be fixed more easily. An auditor can serve as a

controls consultant as part of the development team or as an independent auditor as part of an

audit. Businesses sometimes use formal systems development processes. These help assure that

systems are developed successfully. A formal process is more effective in creating strong

controls, and auditors should review this process to confirm that it is well designed and is

followed in practice. A good formal systems development plan outlines:

 A strategy to align development with the organizations broader objectives

 Standards for new systems

 Project management policies for timing and budgeting

 Procedures describing the process

In Section 2 of this course you will cover these topics:
Design Guidelines And Implementation

Project Communication

Topic : Design Guidelines And Implementation

Topic Objective:

 Define Engineering Design Process

 Learn about the steps involved in Engineering Design Process
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Definition/Overview:

Engineering Design Process: An engineering design process is a process used by engineers to

help develop products. the engineering design is defined as the process of devising a system,

component or process to meet desired needs. It is a decision-making process (often iterative), in

which the basic sciences, mathematics, and engineering sciences are applied to convert resources

optimally to meet a stated objective. Among the fundamental elements of the design process are

the establishment of objectives and criteria, synthesis, analysis, construction, testing, and

evaluation. This process can be divided up into a ten-step process, which includes identifying a

need, defining the problem, conducting research, narrowing the research, analyzing set criteria,

finding alternative solutions, analyzing possible solutions, making a decision, presenting the

product, and communicating and selling the product. This process is not universal for all

engineers or all processes. Individuals utilize their personal knowledge and experiences to follow

the path to design success.

Topic : Project Communication

Topic Objective:

 Communication: The Life Blood of Project Management

 Communicating in Project

Definition/Overview:

Communication: Communication is a process whereby information is encoded and imparted by

a sender to a receiver via a channel/medium.The receiver then decodes the message and gives the

sender a feedback. Communication requires that all parties have an area of communicative

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

12
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



commonality. There are auditory means, such as speaking, singing and sometimes tone of voice,

and nonverbal, physical means, such as body language, sign language, paralanguage, touch, eye

contact, by using writing. Communication is thus a process by which we assign and convey

meaning in an attempt to create shared understanding. This process requires a vast repertoire of

skills in intrapersonal and interpersonal processing, listening, observing, speaking, questioning,

analyzing, and evaluating. if you use these processes it is developmental and transfers to all areas

of life: home, school, community, work, and beyond. It is through communication that

collaboration and cooperation occur.

Key Points:

1. Communication: The Life Blood of Project Management

Typical project people spend a lot of time planning, organizing, doing and fixing but often pay

little heed to communication. As a result, the communication, such as it is, may be inadequate, of

poor quality, or unidirectional. In project work there are two essential ingredients: people and the

effective exchange of ideas. Without people nothing gets done and without communication

nobody knows what to do. After all, the very nature of a project is that it has not been done

before. Communication is like engine oil: it needs to be applied to the machinery or the

machinery will not start or, if it does, it will quickly falter and grind to a halt. And the oil, like

communication, needs to be continuously recycled and regularly replaced with new oil as the old

becomes no longer usable. But what of the quality of the oil? Too little or too thin and it is not

effective; too thick or too much and everything just gets gummed up.

It's the same with communication, yet how much attention do we pay to the 'quality' of our

project communication? In our new world of virtual teams where some members never get to see

each other from one project to the next, accurate exchanges are even more important. This is

especially true over the Internet where some 60% of normal person-to-person communication,

the non-verbal part, is simply removed. Even in video conferencing, this component is seriously

filtered by the medium.
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2. Communicating the Project

The engineer has to sell and explain the product in a persuading manner. Selling the product

takes place all along the design process. Another way of communication is the written report,

which may be read by both management and clients. These written reports can vary in formality,

but usually contain an appropriate cover page, abstract, table of contents, body, conclusion and

recommendation, and an appendix. Another common way of communicating the new product is

through an oral presentation which presents the information convincently to the listener. The key

to a good oral presentation is to be prepared, have good posture, good eye contact and project

your voice loud and clearly. Its important that the oral presentation gives enough information to

get the idea across to the desired audience but not too much information to become

overwhelming, and confusing. Design is the essence of engineer. The purpose of engineering

design revolves around our natural instincts as human beings to always strive for more, and that

is why engineering is one of the fastest growing careers. Society will always strive for more than

what is available, pushing engineers, designers, and inventors to continuously produce more

innovative ideas. Through the engineering design process, engineers are given the tools and

guidelines needed to successfully create these innovative ideas.

In Section 3 of this course you will cover these topics:
Digital Module

Analog Module
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Topic : Digital Module

Topic Objective:

 Learn about Digital Modulation

 Learn about Uses of Baseband

 Learn about Baseband Modulation

 Learn about Frequency Shift Keying

Definition/Overview:

Digital Modulation: Digital modulation schemes transform digital signals like the one shown

below into waveforms that are compatible with the nature of the communications channel. There

are two major categories of digital modulation. One category uses a constant amplitude carrier

and the other carries the information in phase or frequency variations (FSK, PSK). The other

category conveys the information in carrier amplitude variations and is known as amplitude shift

keying (ASK). The past few years has seen a major transition from the simple amplitude

modulation (AM) and frequency modulation (FM) to digital techniques such as Quadrate Phase

Shift Keying (QPSK), Frequency Shift Keying (FSK), Minimum Shift Keying (MSK) and

Quadrate Amplitude Modulation (QAM). For designers of digital terrestrial microwave radios,

their highest priority is good bandwidth efficiency with low bit-error-rate. They have plenty of

power available and are not concerned with power efficiency. They are not especially concerned

with receiver cost or complexity because they do not have to build large numbers of them.

On the other hand, designers of hand-held cellular phones put a high priority on power efficiency

because these phones need to run on a battery. Cost is also a high priority because cellular

phones must be low-cost to encourage more users. Accordingly, these systems sacrifice some
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bandwidth efficiency to get power and cost efficiency. Every time one of these efficiency

parameters (bandwidth, power or cost)is increased, another one decreases, or becomes more

complex or does not perform well in a poor environment. Cost is a dominant system priority.

Low-cost radios will always be in demand. In the past, it was possible to make a radio low-cost

by sacrificing power and bandwidth efficiency. This is no longer possible. The radio spectrum is

very valuable and operators who do not use the spectrum efficiently could lose their existing

licenses or lose out in the competition for new ones. These are the trade offs that must be

considered in digital RF (Radio Frequency) communications design. If you understand the

building blocks, then you will be able to understand how any communications system, present or

future, works.

Key Points:

1. Overview of Digital Modulation

In many telecommunications systems, it is necessary to represent an information-bearing signal

with a waveform that can pass accurately through a transmission medium. This assigning of a

suitable waveform is accomplished by modulation, which is the process by which some

characteristic of a carrier wave is varied in accordance with an information signal, or modulating

wave. The modulated signal is then transmitted over a channel, after which the original

information-bearing signal is recovered through a process of demodulation. Modulation is

applied to information signals for a number of reasons, some of which are outlined below.

 Many transmission channels are characterized by limited passbandsthat is, they will pass

only certain ranges of frequencies without seriously attenuating them (reducing their

amplitude). Modulation methods must therefore be applied to the information signals in

order to frequency translate the signals into the range of frequencies that are permitted by

the channel. Examples of channels that exhibit passband characteristics include

alternating-current-coupled coaxial cables, which pass signals only in the range of 60
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kilohertz to several hundred megahertz, and fibre-optic cables, which pass light signals

only within a given wavelength range without significant attenuation. In these instances

frequency translation is used to fit the information signal to the communications channel.

 In many instances a communications channel is shared by multiple users. In order to

prevent mutual interference, each user's information signal is modulated onto an assigned

carrier of a specific frequency. When the frequency assignment and subsequent

combining is done at a central point, the resulting combination is a frequency-division

multiplexed signal, as is discussed in Multiplexing. Frequently there is no central

combining point, and the communications channel itself acts as a distributed combine. An

example of the latter situation is the broadcast radio bands (from 540 kilohertz to 600

megahertz), which permit simultaneous transmission of multiple AM radio, FM radio,

and television signals without mutual interference as long as each signal is assigned to a

different frequency band.

 Even when the communications channel can support direct transmission of the

information-bearing signal, there are often practical reasons why this is undesirable. A

simple example is the transmission of a three-kilohertz (i.e., voiceband) signal via radio

wave. In free space the wavelength of a three-kilohertz signal is 100 kilometres (60

miles). Since an effective radio antenna is typically as large as half the wavelength of the

signal, a three-kilohertz radio wave might require an antenna up to 50 kilometres in

length. In this case translation of the voice frequency to a higher frequency would allow

the use of a much smaller antenna.

2. Uses of Baseband

 A baseband bandwidth is equal to the highest frequency of a signal or system, or an

upper bound on such frequencies. By contrast, a non-baseband (passband) bandwidth is

the difference between a highest frequency and a nonzero lowest frequency.

 A baseband signal or lowpass signal is a signal that can include frequencies that are

equal to or very near zero, by comparison with its highest frequency (for example, a
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sound waveform can be considered as a baseband signal, whereas a radio signal or any

other modulated signal is not).

 A baseband channel or lowpass channel (or system, or network) is a channel (e.g. a

telecommunications system) that can transfer frequencies that are equal to or very near

zero. Examples are serial cables and local area networks (LANs).

 Baseband modulation, also known as line coding, aims at transferring a digital bit

stream over a baseband channel, as an alternative to carrier-modulated approaches.

 An equivalent baseband signal or equivalent lowpass signal is in analog and digital

modulation methods with constant carrier frequency (for example ASK, PSK and QAM,

but not FSK) a complex valued representation of the modulated physical signal (the so

called passband signal or RF signal). The equivalent baseband signal is

where I(t) is the inphase signal, Q(t) the quadrature phase

signal, and j the imaginary unit. In a digital modulation method, the I(t) and Q(t) signals

of each modulation symbol are evident from the constellation diagram. The frequency

spectrum of this signal includes negative as well as positive frequencies. The physical

passband signal corresponds to

where ω is the carrier angular frequency in rad/s.

 In an equivalent baseband model of a communication system, the modulated signal is

replaced by a complex valued equivalent baseband signal with carrier frequency of 0

hertz, and the RF channel is replaced by an equivalent baseband channel model where the

frequency response is transferred to baseband frequencies.

 A signal "at baseband" is usually considered to include frequencies from near 0 Hz up

to the highest frequency in the signal with significant power.

In general, signals can be described as including a whole range of different frequencies added

together. In telecommunications in particular, it is often the case that those parts of the signal

which are at low frequencies are 'copied' up to higher frequencies for transmission purposes,
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since there are few communications media that will pass low frequencies without distortion.

Then, the original, low frequency components are referred to as the baseband signal. Typically,

the new, high-frequency copy is referred to as the 'RF' (radio-frequency) signal. The concept of

baseband signals is most often applied to real-valued signals, and systems that handle real-valued

signals. Fourier analysis of such signals includes a negative-frequency band, but the negative-

frequency information is just a mirror of the positive-frequency information, not new

information. For complex-valued signals, on the other hand, the negative frequencies carry new

information. In that case, the full two-sided bandwidth is generally quoted, rather than just the

half measured from zero; the concept of baseband can be applied by treating the real and

imaginary parts of the complex-valued signal as two different real signals.

3. Baseband Modulation

A signal at baseband is often used to modulate a higher frequency carrier wave in order that it

may be transmitted via radio. Modulation results in shifting the signal up to much higher

frequencies (radio frequencies, or RF) than it originally spanned. A key consequence of the usual

double-sideband amplitude modulation (AM) is that, usually, the range of frequencies the signal

spans (its spectral bandwidth) is doubled. Thus, the RF bandwidth of a signal (measured from the

lowest frequency as opposed to 0 Hz) is usually twice its baseband bandwidth. Steps may be

taken to reduce this effect, such as single-sideband modulation; the highest frequency of such

signals greatly exceeds the baseband bandwidth.

Some signals can be treated as baseband or not, depending on the situation. For example, a

switched analog connection in the telephone network has energy below 300 Hz and above 3400

Hz removed by bandpass filtering; since the signal has no energy very close to zero frequency, it

may not be considered a baseband signal, but in the telephone systems frequency-division

multiplexing hierarchy, it is usually treated as a baseband signal, by comparison with the

modulated signals used for long-distance transmission. The 300 Hz lower band edge in this case

is treated as "near zero", being a small fraction of the upper band edge.
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4. Frequency Shift Keying

The two binary states, logic 0 (low) and 1 (high), are each represented by an analogue waveform.

Logic 0 is represented by a wave at a specific frequency, and logic 1 is represented by a wave at

a different frequency. With binary FSK, the centre or carrier frequency is shifted by the binary

input data. Thus the input and output rates of change are equal and therefore the bit rate and baud

rate equal. The frequency of the carrier is changed as a function of the modulating signal (data),

which is being transmitted. Amplitude remains unchanged. Two fixed-amplitude carriers are

used, one for a binary zero, the other for a binary one. The general analytic expression for FSK

is;

Sin(t) = Acos2π i t 0 ≤ t ≥ T and i = 1,....,M

Where;

i = (0 + 2i - M)d

0 denotes the carrier frequency.

Generation of these waveforms maybe accomplished with a set of M separate oscillators, each

tuned to the frequency. It can be observed below that the error probability for a given signal-to-

noise ratio decrease as M increases, contrary to other modulation scheme (i.e. PSK and QAM),

but on the other hand the bandwidth efficiency decrease as M increases. It is first filtered by v(t)

to control the bandwidth of the base band signal which, in turn, partially controls the FSK signal

spectrum. The filter output signal level is then adjusted and input to a phase modulator.

The phase modulator centres the signal at frequency. The choice of a controls the frequency

deviation,away from the centre frequency for each symbol. Different choices of the low-pass
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filter characteristic and signal gain, a, control the signal bandwidth and inter symbol interference

(ISI) on the base band signal. A common filter characteristic uses a rectangular pulse shape. It

does not cause ISI but the bandwidth is relatively wide. Another choice is to use a Nyquist filter

that introduces controlled ISI but complicates the demodulator timing recovery. More aggressive

filtering, such as Gaussian filters, provide very good bandwidth control but require ISI

compensation in the demodulator. Note that base band-filtering-induced ISI is different from

multi-path-induced ISI that causes distortion on the FM signal rather than the base band.

Topic : Analog Module

Topic Objective:

 Define Noise

 Learn about Electronic Noise

 Learn about Analog Signal and Modulation

 Learn about Signals

 Learn about ADC Structures

 Learn about Applications of ADC

Definition/Overview:

Noise: In common use, the word noise means unwanted sound or noise pollution. In electronics

noise can refer to the electronic signal corresponding to acoustic noise (in an audio system) or

the electronic signal corresponding to the (visual) noise commonly seen as 'snow' on a degraded

television or video image. In signal processing or computing it can be considered data without

meaning; that is, data that is not being used to transmit a signal, but is simply produced as an

unwanted by-product of other activities. In Information Theory, however, noise is still

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

21
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



considered to be information. In a broader sense, film grain or even advertisements in web pages

can be considered noise. Noise can block, distort, or change/interfere with the meaning of a

message in both human and electronic communication. In many of these areas, the special case

of thermal noise arises, which sets a fundamental lower limit to what can be measured or

signaled and is related to basic physical processes at the molecular level described by well-

established thermodynamics considerations, some of which are expressible by relatively well

known simple formulae.

Key Points:

1. Electronic Noise

Electronic noise exists in all circuits and devices as a result of thermal noise, also referred to as

Johnson Noise. Semiconductor devices can also contribute flicker noise and generation-

recombination noise. In any electronic circuit, there exist random variations in current or voltage

caused by the random movement of the electrons carrying the current as they are jolted around

by thermal energy. Lower temperature results in lower thermal noise. This same phenomenon

limits the minimum signal level that any radio receiver can usefully respond to, because there

will always be a small but significant amount of thermal noise arising in its input circuits. This is

why radio telescopes, which search for very low levels of signal from stars, use front-end low-

noise amplifier circuits, usually mounted on the aerial dish, and cooled with liquid nitrogen.

2. Analog Signal and Modulation

n analog signal uses some property of the medium to convey the signal's information. For

example, an aneroid barometer uses rotary position as the signal to convey pressure information.

Electrically, the property most commonly used is voltage followed closely by frequency, current,

and charge. Any information may be conveyed by an analog signal; often such a signal is a

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

22
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



measured response to changes in physical phenomena, such as sound, light, temperature,

position, or pressure, and is achieved using a transducer.

For example, in sound recording, fluctuations in air pressure (that is to say, sound) strike the

diaphragm of a microphone which causes corresponding fluctuations in a voltage or the current

in an electric circuit. The voltage or the current is said to be an "analog" of the sound. Any

measured analog signal must theoretically have noise and a finite slew rate. Therefore, both

analog and digital systems are subject to limitations in resolution and bandwidth. In practice, as

analog systems become more complex, effects such as non-linearity and noise ultimately degrade

analog resolution to such extent that the performance of digital systems may surpass it. In analog

systems, it is difficult to detect when such degradation occurs. However, in digital systems,

degradation can not only be detected but corrected as well.

Another method of conveying an analog signal is to use modulation. In this, some base signal

(e.g., a sinusoidal carrier wave) has one of its properties modulated: amplitude modulation

involves altering the amplitude of a sinusoidal voltage waveform by the source information,

frequency modulation changes the frequency. Other techniques, such as changing the phase of

the base signal also work. Analog circuits do not involve quantisation of information into digital

format. The concept being measured over the circuit, whether sound, light, pressure, temperature,

or an exceeded limit, remains from end to end.

3. Signals

While any signal can be used in analog signal processing, there are many types of signals that are

used very frequently.
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3.1. Sinusoids

Sinusoids are the building block of analog signal processing. Theorem states that all real

world signals can be represented by a sum of sinusoids. A sinusoid can be represented by

a complex exponential, e^{st}.

3.2. Impulse

An impulse (Dirac delta function) is defined as a signal that has an infinite magnitude and

an infinitesimally narrow width with an area under it of one, centered at zero. An impulse

can be represented as an infinite sum of sinusoids that includes all possible frequencies.

This definition is really hard to use in real life, so most engineers conceptualize it to a

signal that is one at zero and zero everywhere else. The symbol for an impulse is delta(t).

If an impulse is used as an input to a system, the output is known as the impulse response.

The impulse response defines the system because all possible frequencies are represented

in the input.

3.3. Step

A step function is a signal that has a magnitude of zero before zero and a magnitude of

one after zero. The symbol for a step is u(t). If a step is used as the input to a system, the

output is called the step response. The step response shows how a system responds to a

sudden input, similar to turning on a switch. The period before the output stabilizes is

called the transient part of a signal. The step response can be multiplied with other signals

to show how the system responds when an input is suddenly turned on.
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4. ADC Structures

These are the most common ways of implementing an electronic ADC:

 A direct conversion ADC or flash ADC has a bank of comparators, each firing for their

decoded voltage range. The comparator bank feeds a logic circuit that generates a code

for each voltage range. Direct conversion is very fast, but usually has only 8 bits of

resolution (255 comparators - since the number of comparators required is 2n - 1) or

fewer, as it needs a large, expensive circuit. ADCs of this type have a large die size, a

high input capacitance, and are prone to produce glitches on the output (by outputting an

out-of-sequence code). Scaling to newer submicron technologies does not help as the

device mismatch is the dominant design limitation. They are often used for video,

wideband communications or other fast signals in optical storage.

 A successive-approximation ADC uses a comparator to reject ranges of voltages,

eventually settling on a final voltage range. Successive approximation works by

constantly comparing the input voltage to the output of an internal digital to analog

converter (DAC, fed by the current value of the approximation) until the best

approximation is achieved. At each step in this process, a binary value of the

approximation is stored in a successive approximation register (SAR). The SAR uses a

reference voltage (which is the largest signal the ADC is to convert) for comparisons. For

example if the input voltage is 60 V and the reference voltage is 100 V, in the 1st clock

cycle, 60 V is compared to 50 V (the reference, divided by two. This is the voltage at the

output of the internal DAC when the input is a '1' followed by zeros), and the voltage

from the comparator is positive (or '1') (because 60 V is greater than 50 V). At this point

the first binary digit (MSB) is set to a '1'. In the 2nd clock cycle the input voltage is

compared to 75 V (being halfway between 100 and 50 V: This is the output of the

internal DAC when its input is '11' followed by zeros) because 60 V is less than 75 V, the

comparator output is now negative (or '0'). The second binary digit is therefore set to a '0'.

In the 3rd clock cycle, the input voltage is compared with 62.5 V (halfway between 50 V

and 75 V: This is the output of the internal DAC when its input is '101' followed by

zeros). The output of the comparator is negative or '0' (because 60 V is less than 62.5 V)
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so the third binary digit is set to a 0. The fourth clock cycle similarly results in the fourth

digit being a '1' (60 V is greater than 56.25 V, the DAC output for '1001' followed by

zeros). The result of this would be in the binary form 1001. This is also called bit-

weighting conversion, and is similar to a binary search. The analogue value is rounded to

the nearest binary value below, meaning this converter type is mid-rise. Because the

approximations are successive (not simultaneous), the conversion takes one clock-cycle

for each bit of resolution desired. The clock frequency must be equal to the sampling

frequency multiplied by the number of bits of resolution desired. For example, to sample

audio at 44.1 kHz with 32 bit resolution, a clock frequency of over 1.4 MHz would be

required. ADCs of this type have good resolutions and quite wide ranges. They are more

complex than some other designs.

 A ramp-compare ADC (also called integrating, dual-slope or multi-slope ADC)

produces a saw-tooth signal that ramps up, then quickly falls to zero. When the ramp

starts, a timer starts counting. When the ramp voltage matches the input, a comparator

fires, and the timer's value is recorded. Timed ramp converters require the least number

of transistors. The ramp time is sensitive to temperature because the circuit generating the

ramp is often just some simple oscillator. There are two solutions: use a clocked counter

driving a DAC and then use the comparator to preserve the counter's value, or calibrate

the timed ramp. A special advantage of the ramp-compare system is that comparing a

second signal just requires another comparator, and another register to store the voltage

value. A very simple (non-linear) ramp-converter can be implemented with a

microcontroller and one resistor and capacitor. Vice versa a filled capacitor can be taken

from an integrator, time-to-amplitude converter, phase detector, sample and hold circuit,

or peak and hold circuit and discharged. This has the advantage that a slow comparator

cannot be disturbed by fast input changes.

 A delta-encoded ADC has an up-down counter that feeds a digital to analog converter

(DAC). The input signal and the DAC both go to a comparator. The comparator controls

the counter. The circuit uses negative feedback from the comparator to adjust the counter

until the DAC's output is close enough to the input signal. The number is read from the

counter. Delta converters have very wide ranges, and high resolution, but the conversion
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time is dependent on the input signal level, though it will always have a guaranteed

worst-case. Delta converters are often very good choices to read real-world signals. Most

signals from physical systems do not change abruptly. Some converters combine the delta

and successive approximation approaches; this works especially well when high

frequencies are known to be small in magnitude.

 A pipeline ADC (also called subranging quantizer) uses two or more steps of

subranging. First, a coarse conversion is done. In a second step, the difference to the

input signal is determined with a digital to analog converter (DAC). This difference is

then converted finer, and the results are combined in a last step. This can be considered a

refinement of the successive approximation ADC wherein the feedback reference signal

consists of the interim conversion of a whole range of bits (for example, four bits) rather

than just the next-most-significant bit. By combining the merits of the successive

approximation and flash ADCs this type is fast, has a high resolution, and only requires a

small die size.

 A Sigma-Delta ADC (also known as a Delta-Sigma ADC) oversamples the desired

signal by a large factor and filters the desired signal band. Generally a smaller number of

bits than required are converted using a Flash ADC after the Filter. The resulting signal,

along with the error generated by the discrete levels of the Flash, is fed back and

subtracted from the input to the filter. This negative feedback has the effect of noise

shaping the error due to the Flash so that it does not appear in the desired signal

frequencies. A digital filter (decimation filter) follows the ADC which reduces the

sampling rate, filters off unwanted noise signal and increases the resolution of the output.

(sigma-delta modulation, also called delta-sigma modulation)

 A Time-stretch analog-to-digital converter (TS-ADC) digitizes a very wide bandwidth

analog signal, that cannot be digitized by a conventional electronic ADC, by time-

stretching the signal prior to digitization. It commonly uses a photonic preprocessor

frontend to time-stretch the signal, which effectively slows the signal down in time and

compresses its bandwidth. As a result, an electronic backend ADC, that would have been

too slow to capture the original signal, can now capture this slowed down signal. For
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continuous capture of the signal, the frontend also divides the signal into multiple

segments in addition to time-stretching. Each segment is individually digitized by a

separate electronic ADC. Finally, a digital signal processor rearranges the samples and

removes any distortions added by the frontend to yield the binary data that is the digital

representation of the original analog signal.

5. Applications of ADC

5.1. Application to Music Recording

ADCs are integral to current music reproduction technology. Since much music

production is done on computers, when an analog recording is used, an ADC is needed to

create the PCM data stream that goes onto a compact disc. The current crop of AD

converters utilized in music can sample at rates up to 192 kilohertz. Many people in the

business consider this an overkill and pure marketing hype, due to the Nyquist-Shannon

sampling theorem. Simply put, they say the analog waveform does not have enough

information in it to necessitate such high sampling rates, and typical recording techniques

for high-fidelity audio are usually sampled at either 44.1 kHz (the standard for CD) or 48

kHz (commonly used for radio/TV broadcast applications).

However, this kind of bandwidth headroom allows the use of cheaper or faster anti-

aliasing filters of less severe filtering slopes. The proponents of oversampling assert that

such shallower anti-aliasing filters produce less deleterious effects on sound quality,

exactly because of their gentler slopes. Others prefer entirely filterless AD conversion,

arguing that aliasing is less detrimental to sound perception than pre-conversion

brickwall filtering. Considerable literature exists on these matters, but commercial

considerations often play a significant role. Most high-profile recording studios record in
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24-bit/192-176.4 kHz PCM or in DSD formats, and then downsample or decimate the

signal for Red-Book CD production.

In Section 4 of this course you will cover these topics:
Electromagnetics Module

Feedback Control Module

Topic : Electromagnetics Module

Topic Objective:

 Define Electromagnetism

 Learn about the electromagnetic force

 Learn about the classical electrodynamics

 Learn about the photoelectric effect

Definition/Overview:

Electromagnetism: Electromagnetism is the physics of the electromagnetic field: a field which

exerts a force on particles that possess the property of electric charge, and is in turn affected by

the presence and motion of those particles. A changing magnetic field produces an electric field

(this is the phenomenon of electromagnetic induction, the basis of operation for electrical

generators, induction motors, and transformers). Similarly, a changing electric field generates a

magnetic field. Because of this interdependence of the electric and magnetic fields, it makes

sense to consider them as a single coherent entity - the electromagnetic field. The magnetic field

is produced by the motion of electric charges, i.e., electric current. The magnetic field causes the
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magnetic force associated with magnets. The theoretical implications of electromagnetism led to

the development of special relativity by Albert Einstein in 1905.

Key Points:

1. Overview of Electromagnetics

While preparing for an evening lecture on 21 April 1820, Hans Christian rsted developed an

experiment which provided evidence that surprised him. As he was setting up his materials, he

noticed a compass needle deflected from magnetic north when the electric current from the

battery he was using was switched on and off. This deflection convinced him that magnetic fields

radiate from all sides of a wire carrying an electric current, just as light and heat do, and that it

confirmed a direct relationship between electricity and magnetism.

At the time of discovery, rsted did not suggest any satisfactory explanation of the phenomenon,

nor did he try to represent the phenomenon in a mathematical framework. However, three

months later he began more intensive investigations. Soon thereafter he published his findings,

proving that an electric current produces a magnetic field as it flows through a wire.

The CGS unit of magnetic induction (oersted) is named in honor of his contributions to the field

of electromagnetism. His findings resulted in intensive research throughout the scientific

community in electrodynamics. They influenced French physicist Andr-Marie Ampre's

developments of a single mathematical form to represent the magnetic forces between current-

carrying conductors. rsted's discovery also represented a major step toward a unified concept of

energy. rsted was not the first person to examine the relation between electricity and magnetism.

In 1802 Gian Domenico Romagnosi, an Italian legal scholar, deflected a magnetic needle by

electrostatic charges. He interpreted his observations as The Relation between electricity and

magnetism. Actually, no galvanic current existed in the setup and hence no electromagnetism
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was present. An account of the discovery was published in 1802 in an Italian newspaper, but it

was largely overlooked by the contemporary scientific community.

This unification, which was observed by Michael Faraday, extended by James Clerk Maxwell,

and partially reformulated by Oliver Heaviside and Heinrich Hertz, is one of the triumphs of 19th

century physics. It had far-reaching consequences, one of which was the understanding of the

nature of light. As it turns out, what is thought of as "light" is actually a propagating oscillatory

disturbance in the electromagnetic field, i.e., an electromagnetic wave. Different frequencies of

oscillation give rise to the different forms of electromagnetic radiation, from radio waves at the

lowest frequencies, to visible light at intermediate frequencies, to gamma rays at the highest

frequencies.

2. The electromagnetic force

The force that the electromagnetic field exerts on electrically charged particles, called the

electromagnetic force, is one of the four fundamental forces. The other fundamental forces are

the strong nuclear force (which holds atomic nuclei together), the weak nuclear force (which

causes certain forms of radioactive decay), and the gravitational force. All other forces are

ultimately derived from these fundamental forces. The electromagnetic force is the one

responsible for practically all the phenomena encountered in daily life, with the exception of

gravity. All the forces involved in interactions between atoms can be traced to the

electromagnetic force acting on the electrically charged protons and electrons inside the atoms.

This includes the forces we experience in "pushing" or "pulling" ordinary material objects, which

come from the intermolecular forces between the individual molecules in our bodies and those in

the objects. It also includes all forms of chemical phenomena, which arise from interactions

between electron orbitals.
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3. Classical electrodynamics

The scientist William Gilbert proposed, in his De Magnete (1600), that electricity and

magnetism, while both capable of causing attraction and repulsion of objects, were distinct

effects. Mariners had noticed that lightning strikes had the ability to disturb a compass needle,

but the link between lightning and electricity was not confirmed until Benjamin Franklin's

proposed experiments in 1752. One of the first to discover and publish a link between man-made

electric current and magnetism was Romagnosi, who in 1802 noticed that connecting a wire

across a Voltaic pile deflected a nearby compass needle. However, the effect did not become

widely known until 1820, when rsted performed a similar experiment. rsted's work influenced

Ampre to produce a theory of electromagnetism that set the subject on a mathematical

foundation.

An accurate theory of electromagnetism, known as classical electromagnetism, was developed

by various physicists over the course of the 19th century, culminating in the work of James Clerk

Maxwell, who unified the preceding developments into a single theory and discovered the

electromagnetic nature of light. In classical electromagnetism, the electromagnetic field obeys a

set of equations known as Maxwell's equations, and the electromagnetic force is given by the

Lorentz force law. One of the peculiarities of classical electromagnetism is that it is difficult to

reconcile with classical mechanics, but it is compatible with special relativity. According to

Maxwell's equations, the speed of light in a vacuum is a universal constant, dependent only on

the electrical permittivity and magnetic permeability of free space. This violates Galilean

invariance, a long-standing cornerstone of classical mechanics. One way to reconcile the two

theories is to assume the existence of a luminiferous aether through which the light propagates.

However, subsequent experimental efforts failed to detect the presence of the ether. After

important contributions of Hendrik Lorentz and Henri Poincar, in 1905, Albert Einstein solved

the problem with the introduction of special relativity, which replaces classical kinematics with a

new theory of kinematics that is compatible with classical electromagnetism. In addition,

relativity theory shows that in moving frames of reference a magnetic field transforms to a field
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with a nonzero electric component and vice versa; thus firmly showing that they are two sides of

the same coin, and thus the term "electromagnetism".

4. The photoelectric effect

In another paper published in that same year, Albert Einstein undermined the very foundations of

classical electromagnetism. His theory of the photoelectric effect (for which he won the Nobel

prize for physics) posited that light could exist in discrete particle-like quantities, which later

came to be known as photons. Einstein's theory of the photoelectric effect extended the insights

that appeared in the solution of the ultraviolet catastrophe presented by Max Planck in 1900. In

his work, Planck showed that hot objects emit electromagnetic radiation in discrete packets,

which leads to a finite total energy emitted as black body radiation. Both of these results were in

direct contradiction with the classical view of light as a continuous wave. Planck's and Einstein's

theories were progenitors of quantum mechanics, which, when formulated in 1925, necessitated

the invention of a quantum theory of electromagnetism. This theory, completed in the 1940s, is

known as quantum electrodynamics (or "QED"), and is one of the most accurate theories known

to physics. The term electrodynamics is sometimes used to refer to the combination of

electromagnetism with mechanics, and deals with the effects of the electromagnetic field on the

dynamic behavior of electrically charged particles.

Topic : Feedback Control Module

Topic Objective:

 Define Feedback

 Learn about Nyquist Plot

 Learn about Full State Feedback

 Learn about positive and negative Feedback
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Definition/Overview:

Feedback: Feedback describes the situation when output from (or information about the result

of) an event or phenomenon in the past will influence the same event/phenomenon in the present

or future. When an event is part of a chain of cause-and-effect that forms a circuit or loop, then

the event is said to "feed back" into itself.

Key Points:

1. Overview of Feedback

Feedback is a mechanism, process or signal that is looped back to control a system within itself.

Such a loop is called a feedback loop. A control system has input from an external signal source

and output to an external load; this defines a natural sense (or direction) or path of propagation of

signal; the feedforward sense or path describes the signal propagation from input to output;

feedback describes signal propagation in the reverse sense. When a sample of the output of the

system is fed back, in the reverse sense, by a distinct feedback path into the interior of the

system, to contribute to the input of one of its internal feedforward components, especially an

active device or a substance that is consumed in an irreversible reaction, it is called the

"feedback."

The natural sense of feedforward is defined chemically by some irreversible reaction, or

electronically by an active circuit element that has access to an auxiliary power supply, so as to

be able to provide power gain to amplify the signal as it propagates from input to output. For

example, an amplifier can use power from its controlled power reservoir, such as its battery, to
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provide power gain to amplify the signal; but the reverse is not possible: the signal cannot

provide power to re-charge the battery of the amplifier.

Feedforward, feedback and regulation are self related. The feedforward carries the signal from

source to load. The negative feedback helps to maintain stability in a system in spite of external

changes. It is related to homeostasis. Positive feedback amplifies possibilities of divergences

(evolution, change of goals); it is the condition to change, evolution, growth; it gives the system

the ability to access new points of equilibrium.

For example, in an organism, most positive feedback provide for fast autoexcitation of elements

of endocrine and nervous systems (in particular, in stress responses conditions) and play a key

role in morphogenesis, growth, and development of organs, all processes which are in essence a

rapid escape from the initial state. Homeostasis is especially visible in the nervous and endocrine

systems when considered at organism level. Chemical potential energy for irreversible reactions

or electrical potential energy for irreversible cell-membrane current powers the feedforward

sense of the process. Feedback is distinctly different from reinforcement that occurs in learning,

or in conditioned reflexes. Feedback combines immediately with the immediate input signal to

drive the responsive power gain element, without changing the basic responsiveness of the

system to future signals. Reinforcement changes the basic responsiveness of the system to future

signals, without combining with the immediate input signal. Reinforcement is a permanent

change in the responsiveness of the system to all future signals. Feedback is only transient, being

limited by the duration of the immediate signal.

2. Nyquist Plot

A Nyquist plot is used in automatic control and signal processing for assessing the stability of a

system with feedback. It is represented by a graph in polar coordinates in which the gain and

phase of a frequency response are plotted. The plot of these phasor quantities shows the phase as

the angle and the magnitude as the distance from the origin. This plot combines the two types of

Bode plot magnitude and phase on a single graph, with frequency as a parameter along the curve.

The Nyquist plot is named after Harry Nyquist, a former engineer at Bell Laboratories.
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The high frequency response is at the origin. The plot provides information on the poles and

zeros of the transfer function (eg. from the angle at which the curve approaches the origin).

Assessment of the stability of a closed-loop negative feedback system is done by applying the

Nyquist stability criterion to the Nyquist plot of the open-loop system (i.e. the same system

without its feedback loop). This method is easily applicable even for systems with delays which

may appear difficult to analyze by means of other methods. Nyquist and related plots are classic

methods of assessing stability, but have been supplemented or supplanted by computer-based

mathematical tools in recent years. Such plots remain a convenient method for an engineer to get

an intuitive feel for a circuit.

3. Full State Feedback

Full state feedback (FSF), or pole placement, is a method employed in feedback control system

theory to place the closed-loop poles of a plant in pre-determined locations in the s-plane.

Placing poles is desirable because the location of the poles corresponds directly to the

eigenvalues of the system, which control the characteristics of the response of the system.

If the closed-loop input-output transfer function can be represented by a state space equation,

then the poles of the system are the roots of the characteristic equation given by

Full state feedback is utilized by commanding the input vector . Consider an input proportional

(in the matrix sense) to the state vector,

.

Substituting into the state space equations above,

The roots of the FSF system are given by the characteristic equation, .

Comparing the terms of this equation with those of the desired characteristic equation yields the
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values of the feedback matrix K which force the closed-loop eigenvalues to the pole locations

specified by the desired characteristic equation.

4. Other Types of Feedback

 Positive feedback, which seeks to increase the event that caused it, as in a nuclear chain-

reaction, is also known as a self-reinforcing loop. An event influenced by positive

feedback will increase or decrease its output/activation until it hits a limiting constraint.

Such a constraint may be destructive, as in thermal runaway or a nuclear chain reaction.

Self-reinforcing loops can be a smaller part of a larger balancing loop, especially in

biological systems such as regulatory circuits.

 Negative feedback, which seeks to reduce the feedback signal that caused it, is also

known as a self-correcting or balancing loop. Such loops tend to be goal-seeking, as in a

thermostat which compares actual temperature with desired temperature and seeks to

reduce the difference. Balancing loops are sometimes prone to hunting: an oscillation

caused by an excessive or delayed feedback signal, resulting in over-correction. The

terms negative and positive feedback can be used loosely or colloquially to describe or

imply criticism and praise, respectively. This may lead to confusion with the more

accurate terms positive and negative reinforcement, which both refer to something that

increases the likelihood of a behavior.

In Section 5 of this course you will cover these topics:
Communications Module

Power Module
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Topic : Communications Module

Topic Objective:

 Learn about the Theory of Frequency Modulation

 Learn about the Applications in broadcasting

 Learn about the Applications in hardware

 Learn about the Applications in sound

 Learn about the Applications in radio

 Learn about the Modulation Characteristics

Definition/Overview:

Communication System: In telecommunication, a communications system is a collection of

individual communications networks, transmission systems, relay stations, tributary stations, and

data terminal equipment (DTE) usually capable of interconnection and interoperation to form an

integrated whole. The components of a communications system serve a common purpose, are

technically compatible, use common procedures, respond to controls, and operate in unison.

Telecommunications is a method of communication (e.g., for sports broadcasting, mass media,

journalism, etc.). A communications subsystem is a functional unit or operational assembly that

is smaller than the larger assembly under consideration. Examples of communications

subsystems in the Defense Communications System (DCS) are (a) a satellite link with one Earth

terminal in CONUS and one in Europe, (b) the interconnect facilities at each Earth terminal of

the satellite link, and (c) an optical fiber cable with its driver and receiver in either of the

interconnect facilities. Communication subsystem (b) basically consists of a receiver, frequency

translator and a transmitter. It also contains transponders and other transponders in it and

communication satellite communication system receives signals from the antenna subsystem.
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Key Points:

1. Encoding

The simplest and most common form of ASK operates as a switch, using the presence of a

carrier wave to indicate a binary one and its absence to indicate a binary zero. This type of

modulation is called on-off keying, and is used at radio frequencies to transmit Morse code

(referred to as continuous wave operation). More sophisticated encoding schemes have been

developed which represent data in groups using additional amplitude levels. For instance, a four-

level encoding scheme can represent two bits with each shift in amplitude; an eight-level scheme

can represent three bits; and so on. These forms of amplitude-shift keying require a high signal-

to-noise ratio for their recovery, as by their nature much of the signal is transmitted at reduced

power. Here is a diagram showing the ideal model for a transmission system using an ASK

modulation:

It can be divided into three blocks. The first one represents the transmitter, the second one is a

linear model of the effects of the channel, the third one shows the structure of the receiver. The

following notation is used:

 ht(t) is the carrier signal for the transmission

 hc(t) is the impulse response of the channel

 n(t) is the noise introduced by the channel

 hr(t) is the filter at the receiver

 L is the number of levels that are used for transmission

 Ts is the time between the generation of two symbols

Different symbols are represented with different voltages. If the maximum allowed value for the

voltage is A, then all the possible values are in the range [-A,A] and they are given by:
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the difference between one voltage and the other is:

Considering the picture, the symbols v[n] are generated randomly by the source S, then the

impulse generator creates impulses with an area of v[n]. These impulses are sent to the filter ht

to be sent through the channel. In other words, for each symbol a different carrier wave is sent

with the relative amplitude.

Out of the transmitter, the signal s(t) can be expressed in the form:

In the receiver, after the filtering through hr (t) the signal is:

where we use the notation:

nr(t) = n(t) * hr(t)

g(t) = ht(t) * hc(t) * hr(t)

where * indicates the convolution between two signals. After the A/D conversion the signal z[k]

can be expressed in the form:

In this relationship, the second term represents the symbol to be extracted. The others are

unwanted: the first one is the effect of noise, the second one is due to the intersymbol

interference. If the filters are chosen so that g(t) will satisfy the Nyquist ISI criterion, then there

will be no intersymbol interference and the value of the sum will be zero, so:
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z[k] = nr[k] + v[k]g

the transmission will be affected only by noise.

2. Probability of Error

The probability density function to make an error after a certain symbol has been sent can be

modelled by a Gaussian function; the mean value will be the relative sent value, and its variance

will be given by:

where ΦN(f) is the spectral density of the noise within the band and Hr (f) is the continuous

Fourier transform of the impulse response of the filter hr (f).

The possibility to make an error is given by:

where is the conditional probability of making an error after a symbol vi has been sent and

is the probability of sending a symbol v0.

If the probability of sending any symbol is the same, then:

If we represent all the probability density functions on the same plot against the possible value of

the voltage to be transmitted, we get a picture like this (the particular case of L=4 is shown):

The possibility of making an error after a single symbol has been sent is the area of the Gaussian

function falling under the other ones. It is shown in cyan just for one of them. If we call P+ the

area under one side of the Gaussian, the sum of all the areas will be: 2LP + − 2P + . The total

probability of making an error can be expressed in the form:
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We have now to calculate the value of P+. In order to do that, we can move the origin of the

reference wherever we want: the area below the function will not change. We are in a situation

like the one shown in the following picture:

it does not matter which Gaussian function we are considering, the area we want to calculate will

be the same. The value we are looking for will be given by the following integral:

where erfc() is the complementary error function. Putting all these results together, the

probability to make an error is:

from this formula we can easily understand that the probability to make an error decreases if the

maximum amplitude of the transmitted signal or the amplification of the system becomes

greater; on the other hand, it increases if the number of levels or the power of noise becomes

greater. This relationship is valid when there is no intersymbol interference, i.e. g(t) is a Nyquist

function.

3. Theory of Frequency Modulation

In telecommunications, frequency modulation (FM) conveys information over a carrier wave by

varying its frequency (contrast this with amplitude modulation, in which the amplitude of the

carrier is varied while its frequency remains constant). In analog applications, the instantaneous

frequency of the carrier is directly proportional to the instantaneous value of the input signal.

Digital data can be sent by shifting the carrier's frequency among a set of discrete values, a

technique known as frequency-shift keying. Suppose the baseband data signal (the message) to

be transmitted is:
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and is restricted in amplitude to be

and the sinusoidal carrier is

where fc is the carrier's base frequency and Ac is the carrier's amplitude. The modulator combines

the carrier with the baseband data signal to get the transmitted signal,

In this equation, is the instantaneous frequency of the oscillator and is the frequency

deviation, which represents the maximum shift away from fc in one direction, assuming xm(t) is

limited to the range 1. Although it may seem that this limits the frequencies in use to fc fΔ, this

neglects the distinction between instantaneous frequency and spectral frequency. The frequency

spectrum of an actual FM signal has components extending out to infinite frequency, although

they become negligibly small beyond a point. The harmonic distribution of a sine wave carrier

modulated by a sine wave signal can be represented with Bessel functions - this provides a basis

for a mathematical understanding of frequency modulation in the frequency domain.

4. Applications in broadcasting

FM is commonly used at VHF radio frequencies for high-fidelity broadcasts of music and

speech. Normal (analog) TV sound is also broadcast using FM. A narrow band form is used for

voice communications in commercial and amateur radio settings. The type of FM used in

broadcast is generally called wide-FM, or W-FM. In two-way radio, narrowband narrow-fm (N-

FM) is used to conserve bandwidth. In addition, it is used to send signals into space.
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5. Applications in hardware

FM is also used at intermediate frequencies by all analog VCR systems, including VHS, to

record both the luminance (black and white) and the chrominance portions of the video signal.

FM is the only feasible method of recording video to and retrieving video from magnetic tape

without extreme distortion, as video signals have a very large range of frequency components

from a few hertz to several megahertz, too wide for equalizers to work with due to electronic

noise below -60 dB. FM also keeps the tape at saturation level, and therefore acts as a form of

noise reduction, and a simple limiter can mask variations in the playback output, and the FM

capture effect removes print-through and pre-echo. A continuous pilot-tone, if added to the

signal as was done on V2000 and many Hi-band formats can keep mechanical jitter under

control and assist timebase correction. These FM systems are unique in that they have a ratio of

carrier to maximum modulation frequency of less than two.(Contrast FM audio broadcasting

where the ratio is around 10,000.)

6. Applications in sound

FM is also used at audio frequencies to synthesize sound. This technique, known as FM

synthesis, was popularized by early digital synthesizers and became a standard feature for several

generations of personal computer sound cards.

7. Applications in radio

As the name implies, wideband FM (W-FM) requires a wider signal bandwidth than amplitude

modulation by an equivalent modulating signal, but this also makes the signal more robust

against noise and interference. Frequency modulation is also more robust against simple signal

amplitude fading phenomena. As a result, FM was chosen as the modulation standard for high

frequency, high fidelity radio transmission: hence the term "FM radio" (although for many years

the BBC called it "VHF radio", because commercial FM broadcasting uses a well-known part of
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the VHF band; in certain countries, expressions referencing the more familiar wavelength notion

are still used in place of the more abstract modulation technique name).

FM receivers employ a special detector for FM signals and exhibit a phenomenon called capture

effect, where the tuner is able to clearly receive the stronger of two stations being broadcast on

the same frequency. Problematically however, frequency drift or lack of selectivity may cause

one station or signal to be suddenly overtaken by another on an adjacent channel. Frequency drift

typically constituted a problem on very old or inexpensive receivers, while inadequate selectivity

may plague any tuner.

An FM signal can also be used to carry a stereo signal:. However, this is done by using

multiplexing and demultiplexing before and after the FM process, and is not part of FM proper.

The rest of this article ignores the stereo multiplexing and demultiplexing process used in "stereo

FM", and concentrates on the FM modulation and demodulation process, which is identical in

stereo and mono processes. A high-efficiency radio-frequency switching amplifier can be used to

transmit FM signals (and other constant-amplitude signals). For a given signal strength

(measured at the receiver antenna), switching amplifiers use less battery power and typically cost

less than a linear amplifier. This gives FM another advantage over other modulation schemes

that require linear amplifiers, such as AM and QAM.

8. Modulation Characteristics

8.1. Pre-emphasis and de-emphasis

Random noise has a 'triangular' spectral distribution in an FM system, with the effect that

noise occurs predominantly at the highest frequencies within the baseband. This can be

offset, to a limited extent, by boosting the high frequencies before transmission and

reducing them by a corresponding amount in the receiver. Reducing the high frequencies
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in the receiver also reduces the high-frequency noise. These processes of boosting and

then reducing certain frequencies are known as pre-emphasis and de-emphasis,

respectively. The amount of pre-emphasis and de-emphasis used is defined by the time

constant of a simple RC filter circuit. In most of the world a 50 s time constant is used. In

North America, 75 s is used. This applies to both mono and stereo transmissions and to

baseband audio (not the subcarriers). The amount of pre-emphasis that can be applied is

limited by the fact that many forms of contemporary music contain more high-frequency

energy than the musical styles which prevailed at the birth of FM broadcasting. They

cannot be pre-emphasized as much because it would cause excessive deviation of the FM

carrier. (Systems more modern than FM broadcasting tend to use either programme-

dependent variable pre-emphasise.g. dbx in the BTSC TV sound systemor none at all.)

8.2. FM stereo

In the late 1950s, several systems to add stereo to FM radio were considered by the FCC.

Included were systems from 14 proponents including Crosley, Halstead, Electrical and

Musical Industries, Ltd (EMI), Zenith Electronics Corporation and General Electric. The

individual systems were evaluated for their strengths and weaknesses during field tests in

Uniontown, Pennsylvania using KDKA-FM in Pittsburgh as the originating station. The

Crosley system was rejected by the FCC because it degraded the signal-to-noise ratio of

the main channel and did not perform well under multipath RF conditions. In addition it

did not allow for SCA services because of its wide FM sub-carrier bandwidth. The

Halstead system was rejected due to lack of high frequency stereo separation and

reduction in the main channel signal-to-noise ratio. The GE and Zenith systems, so

similar that they were considered theoretically identical, were formally approved by the

FCC in April 1961 as the standard stereo FM broadcasting method in the USA and later

adopted by most other countries.
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It is important that stereo broadcasts should be compatible with mono receivers. For this

reason, the left (L) and right (R) channels are algebraically encoded into sum (L+R) and

difference (L−R) signals. A mono receiver will use just the L+R signal so the listener will

hear both channels in the single loudspeaker. A stereo receiver will add the L+R and L−R

signals to recover the Left channel, and subtract the L+R and L−R signals to recover the

Right channel. The (L+R) Main channel signal is transmitted as baseband audio in the

range of 30 Hz to 15 kHz. The (L−R) Sub-channel signal is modulated onto a 38 kHz

double-sideband suppressed carrier (DSBSC) signal occupying the baseband range of 23

to 53 kHz.

A 19 kHz pilot tone, at exactly half the 38 kHz sub-carrier frequency and with a precisely

defined phase relationship to it, is also generated. This is transmitted at 810% of overall

modulation level and used by the receiver to regenerate the 38 kHz sub-carrier with the

correct phase. The final multiplex signal from the stereo generator contains the Main

Channel (L+R), the pilot tone, and the sub-channel (L−R). This composite signal, along

with any other sub-carriers (SCA), modulates the FM transmitter. Converting the

multiplex signal back into left and right audio signals is performed by a stereo decoder,

which is built into stereo receivers.

In order to preserve stereo separation and signal-to-noise parameters, it is normal practice

to apply pre-emphasis to the left and right channels before encoding, and to apply de-

emphasis at the receiver after decoding. Stereo FM signals are more susceptible to noise

and multipath distortion than are mono FM signals. This is due to imbalance of FM

sideband ratios of the additional modulating signals created by the pilot tone and the sub-

carrier channel. In addition, for a given RF level at the receiver, the signal-to-noise ratio

for the stereo signal will be worse than for the mono receiver. The point at which the

receiver input RF level reaches maximum monaural signal-to-noise ratio will be 23 dB

lower than the receiver input RF level for maximum stereo signal-to-noise ratio. For this
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reason many FM stereo receivers include a stereo/mono switch to allow listening in mono

when reception conditions are less than ideal, and most car radios are arranged to reduce

the separation as the signal-to-noise ratio worsens, eventually going to mono while still

indicating a stereo signal is being received. However, in the XDR-F1HD tuner, Sony

employs adaptive noise reduction technology which practically eliminates perceived

stereo noise while retaining an acceptable degree of separation.

8.3. Baseband and audio processing

Csicsatka and Linz offer a good description of the composition of the FM stereo

baseband (MPX). A stereo signal has wider bandwidth than an FM mono signal.

According to Carson's rule the bandwidth is twice the deviation plus twice the maximum

transmitted frequency. For 75 kHz deviation and a 53 kHz MPX frequency limit,

bandwidth is 256 kHz. Based on peak-to-average ratios, human voice has lower loudness

than music, as noted by Leonard Kahn and Oscar Bonello. This is due to the asymmetry

of the sound waves produced by vocal cords.. Audio processing can improve voice

loudness levels relative to music levels as broadcast. The FM broadcast transmission

system needs a stage of audio processing in order to get good coverage and audio quality.

The audio processing improves the sensation of sound quality. An improvement in the

coverage area of FM stereo transmission by the use of multiband audio processing had

previously been recognized. The amount of improvement was quantified by Oscar

Bonello, who predicted increases in area generally in the range of 3050 percent.

Topic : Power Module

Topic Objective:

 Define AC Power
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 Learn about Real, reactive, and apparent power

 Learn about Unbalanced polyphase systems

 Learn about Reactive power flow

 Learn about Power factor

Definition/Overview:

AC Power: Power is defined as the rate of flow of energy past a given point. In alternating

current circuits, energy storage elements such as inductance and capacitance may result in

periodic reversals of the direction of energy flow. The portion of power flow that, averaged over

a complete cycle of the AC waveform, results in net transfer of energy in one direction is known

as real power. On the other hand, the portion of power flow due to stored energy, which returns

to the source in each cycle, is known as reactive power.

Key Points:

1. Real, reactive, and apparent power

Consider a simple alternating current (AC) circuit

consisting of a source and a load, where both the

current and voltage are sinusoidal. If the load is

purely resistive, the two quantities reverse their

polarity at the same time, the direction of energy

flow does not reverse, and only real power flows. If

the load is purely reactive, then the voltage and

current are 90 degrees out of phase and there is no net power flow. This energy flowing

backwards and forwards is known as reactive power. A practical load will have resistive,

inductive, and capacitive parts, and so both real and reactive power will flow to the load. If a

capacitor and an inductor are placed in parallel, then the currents flowing through the inductor
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and the capacitor tend to cancel out rather than adding. Conventionally, capacitors are considered

to generate reactive power and inductors to consume it. This is the fundamental mechanism for

controlling the power factor in electric power transmission; capacitors (or inductors) are inserted

in a circuit to partially cancel reactive power of the load.

The apparent power is the product of voltage and current. Apparent power is handy for sizing of

equipment or wiring. However, adding the apparent power for two loads will not accurately give

the total apparent power unless they have the same displacement between current and voltage

(the same power factor).

Engineers use the following terms to describe energy flow in a system (and assign each of them a

different unit to differentiate between them):

 Real power (P) - unit: watt (W)

 Reactive power (Q) - unit: volt-amperes reactive (var)

 Complex power (S) - unit: volt-ampere (VA)

 Apparent Power (|S|) , that is, the absolute value of complex power S - unit: volt-ampere

(VA)

In the diagram, P is the real power, Q is the reactive power (in this case positive), S is the

complex power and the length of S is the apparent power. Reactive power does not transfer

energy, so it is represented as the imaginary basis. Real power moves energy, so it is the real

basis. The unit for all forms of power is the watt (symbol: W), but this unit is generally reserved

for real power. Apparent power is conventionally expressed in volt-amperes (VA) since it is the

product of rms voltage and rms current. The unit for reactive power is expressed as "VAr",

which stands for volt-amperes reactive. Since reactive power flow transfers no net energy to the

load, it is sometimes called "wattless" power.

Understanding the relationship between these three quantities lies at the heart of understanding

power engineering. The mathematical relationship among them can be represented by vectors or

expressed using complex numbers,

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

50
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



(where j is the imaginary unit). The complex value S is referred to as the complex power.

2. Power factor

The ratio between real power and apparent power in a circuit is called the power factor. Where

the waveforms are purely sinusoidal, the power factor is the cosine of the phase angle (φ)

between the current and voltage sinusoid waveforms. Equipment data sheets and nameplates

often will abbreviate power factor as "cosφ" for this reason. Power factor equals 1 when the

voltage and current are in phase, and is zero when the current leads or lags the voltage by 90

degrees. Power factors are usually stated as "leading" or "lagging" to show the sign of the phase

angle, where leading indicates a negative sign. For two systems transmitting the same amount of

real power, the system with the lower power factor will have higher circulating currents due to

energy that returns to the source from energy storage in the load. These higher currents in a

practical system will produce higher losses and reduce overall transmission efficiency. A lower

power factor circuit will have a higher apparent power and higher losses for the same amount of

real power transfer. Purely capacitive circuits cause reactive power with the current waveform

leading the voltage wave by 90 degrees, while purely inductive circuits cause reactive power

with the current waveform lagging the voltage waveform by 90 degrees. The result of this is that

capacitive and inductive circuit elements tend to cancel each other out.

3. Reactive power flow

In power transmission and distribution, significant effort is made to control the reactive power

flow. This is typically done automatically by switching inductors or capacitor banks in and out,

by adjusting generator excitation, and by other means. Electricity retailers may use electricity

meters which measure reactive power to financially penalize customers with low power factor
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loads. This is particularly relevant to customers operating highly inductive loads such as motors

at water pumping stations.

4. Unbalanced polyphase systems

While real power and reactive power are well defined in any system, the definition of apparent

power for unbalanced polyphase systems is considered to be one of the most controversial topics

in power engineering. Originally, apparent power arose merely as a figure of merit. Major

delineations of the concept are attributed to Stanley's Phenomena of Retardation in the Induction

Coil (1888) and Steinmetz's Theoretical Elements of Engineering (1915). However, with the

development of three phase power distribution, it became clear that the definition of apparent

power and the power factor could not be applied to unbalanced polyphase systems. In 1920, a

"Special Joint Committee of the AIEE and the National Electric Light Association met to resolve

the issue. They considered two definitions:  that is, the quotient of the sums of the real powers

for each phase over the sum of the apparent power for each phase. that is, the quotient of the

sums of the real powers for each phase over the magnitude of the sum of the complex powers for

each phase.
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