BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB

MARRI LAXMAN REDDY

INSTITUTE OF TECHNOLOGY AND MANAGEMENT

(AN AUTONOMOUS INSTITUTION)
(Approved by AICTE, New Delhi & Affiliated to JNTUH, Hyderabad)

Accredited by NBA and NAAC with ‘A’ Grade & Recognized Under Section2(f) & 12(B)of the UGC act.1956

Department of Electronics & Communication Engineering

LABORATORY MANUAL

BASIC SIMULATION & DIGITAL SYSTEM DESIGN
LABORATORY

MLRS-R24

II B.TECH(ECE) - I Semester

Academic Year: 2025-2026

Prepared by

Mr.Ch.Nagababu, Asst. Professor
Dr.Ashok Nayak, Asst. Professor

DEPARTMENT OF ECE



BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB

SWROUG,
W e

o — z INSTITUTE OF TECHNOLOGY AND MANAGEMENT
L% £ (AN AUTONOMOUS INSTITUTION)
L N (Approved by AICTE, New Delhi & Affiliated to JNTUH, Hyderabad)
MIL.RS Accredited by NBA and NAAC with ‘A’ Grade & Recognized Under Section2(f) & 12(B)of the UGC act.1956

This laboratory lays the foundation for the Electronics and Communication Engineering
students during second year of their course. BS&DSD LAB can be divided into 2 groups:
Hardware & Software. In Hardware lab, the students design, even Parity Generator, MUX,
decoders, adder, subtractor, BCD adder, 4 bit magnitude comparator circuit. Flip-flop,
synchronous/asynchronous, up/down counter. In Software, the students will MATLAB is used in
this lab to simulate signals.Basic concepts of signals are coded and simulated. Analyze the
generation Various Signals and Sequences in MATLAB, including the operations on Signals and

Sequences. Determine the Convolution and Correlation between Signals and systems.
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GENERAL INSTRUCTIONS

1. Students are instructed to come to Basic simulation & Digital design laboratory on time.
Late comers are not entertained in the lab.

2. Students should be punctual to the lab. If not, the conducted experiments will not be
repeated.

3. Students are expected to come prepared at home with the experiments which are going to
be performed.

4. Students are instructed to display their identity cards before entering into the lab.

5. Students are instructed not to bring mobile phones to the lab.

6. Any damage/loss of equipments like transformers, transistors, CRO’s etc., during the lab
session, it is student’s responsibility and penalty or fine will be collected from the
student.

7. Students should update the records and lab observation books session wise. Before
leaving the lab the student should get his lab observation book signed by the faculty.

8. Students should submit the lab records by the next lab to the concerned faculty members
in the staffroom for their correction and return.

9. Students should not move around the lab during the lab session.

10. If any emergency arises, the student should take the permission from faculty member
concerned in written format.

11. The faculty members may suspend any student from the lab session on disciplinary
grounds.

12. Never copy the output from other students. Write down your own outputs.
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Department of Electronics & Communication Engineering
VISION AND MISSION OF THE INSTITUTE
INSTITUTE VISION:
To be a globally recognized institution that fosters innovation, excellence, and leadership
in education, research, and technology development, empowering students to create
sustainable solutions for the advancement of society.
INSTITUTE MISSION:
*= To foster a transformative learning environment that empowers students to excel in
engineering, innovation, and leadership.
= To produce skilled, ethical, and socially responsible engineers who contribute to
sustainable technological advancements and address global challenges.
* To shape future leaders through cutting-edge research, industry collaboration, and
community engagement.
QUALITY POLICY

The management is committed in assuring quality service to all its stakeholders, students,

parents, alumni, employees, employers, and the community.

Our commitment and dedication are built into our policy of continual quality
improvement by establishing and implementing mechanisms and modalities ensuring

accountability at all levels, transparency in procedures, and access to information and

actions.
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VISION AND MISSION OF THE DEPARTMENT

DEPARTMENT VISION:

To provide quality technical education in Electronics and Communication Engineering
through research, innovation, striving for global recognition in specified domain, leadership,
and sustainable societal solutions.

MISSION:

DM1: To create a transformative learning environment that empowers students in electronics
and communication engineering, fostering excellence intechnical skills and leadership.

DM2: To drive innovation through cutting-edge research, deliver a transformative education
grounded in ethical principles, and nurture the development of professionals

DM3: To cultivate strong industry partnerships, and engaging actively with the community for

societal and technological progress.

PROGRAMME EDUCATIONAL OBJECTIVES

1. PEO 1: have successful careers in Industry.
2. PEO 2: show excellence in higher studies/ Research.

3. PEO 3: Show good competency towards Entrepreneurship.
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Department of Electronics & Communication Engineering

PROGRAM OUTCOMES

Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and
need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10

Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

11

Project management and finance: Demonstrate knowledge and underst and ing of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.
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Life-long learning: Recognize the need for, and have the preparation and ability to engage
12 | in independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES

PSO1 Analyze and design analog & digital circuits or systems for a given specification
and function.

Implement functional blocks of hardware-software co-design for signal
PSO2 | processing and communication applications.
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COURSE STRUCTURE, OBJECTIVES

COURSE STRUCTURE
Laboratory subjects — Internal and external evaluation— Details of marks

Digital Signal Processing lab will have a continuous evaluation during 6 semester for 40

sessional marks and 60 end semester examination marks.

Out of the 40 marks for internal evaluation, day-to-day work in the laboratory shall be
evaluated for 20 marks and internal practical examination shall be evaluated for 20

marks conducted by the laboratory teacher concerned.

The end examination will be evaluated for a maximum of 60 marks. The end semester
examination shall be conducted with an external examiner and internal examiner. The

external examiner shall be appointed by the principal / Chief Controller of examinations.

Course Objectives:
The students will try to learn
e Various signals and various operations on signals
e Laplace and Fourier transform of a signal and its frequency response
e Random process characteristics
e Algebraic expressions using logic gates
e Adder and subtractor circuits, flip flop operation & sequential circuits using flip flops

¢ Combinational circuits like mux, decoder, encoder
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Couse Overview:

MATLAB plays a crucial role in Digital System Design Labs by providing essential tools and
capabilities for simulation, algorithm development, testing, and education. Its versatility, ease of
use, and integration with hardware platforms make it an indispensable tool for engineers and
students alike in the field of digital system design. This Laboratory also serves as hardware
implementation in various domains of digital system design, Signal and Image Processing, Data
Visualization and Analysis, Control Systems Design, Machine Learning and Deep Learning, etc.

Course Objectives:
The students will try to learn

® Various signals and various operations on signals

® Laplace and Fourier transform of a signal and its frequency response

® Random process characteristics

* Algebraic expressions using logic gates

* Adder and subtractor circuits, flip flop operation & sequential circuits using flip flops
e Combinational circuits like mux, decoder, encoder

Course Outcomes:
After successful completion of the course, students shall be able to

* Examine the applications of signal analysis and system design

® Acquire the basic knowledge of digital logic levels and to design and verify basic digital
electronics circuits

* Understand combinational and sequential circuit analysis and design

* Apply Laplace and Fourier transforms of a signal and also analyze its frequency response

* Design optimization methods using random logic gates, multiplexers, decoders, registers,
counters.

DEPARTMENT OF ECE 10




BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB
List of Experiments:

eBasic Simulation Lab:

1.
2.

w

8.

9.

Generation of Various Signals and Sequences (Periodic and Aperiodic).

Operations on Signals and Sequences such as Addition, Multiplication, Scaling, Shifting,
Folding, Computation of Energy and Average Power.

Convolution and for Correlation (ACF and CCF) Signals and sequences.

Verification of Linearity and Time Invariance Properties of a given Continuous/Discrete
System.

Computation of Unit sample, Unit step and Sinusoidal responses of the given LTI system.
Gibbs Phenomenon Simulation.

Finding the Fourier Transform of a given signal and plotting its magnitude and phase
spectrum.

Locating the Zeros and Poles and plotting the Pole-Zero maps in S-plane and Z-Plane for
the given transfer function.

Verification of Sampling Theorem.

10. Checking a Random Process for Stationary in Wide sense.

¢ Digital System Design Lab:

1.

Note:

2 © 0 N o ok b

Realization of Boolean expressions using gates.

Generation of clock using NAND / NOR gates.

Design a 4 — bit adder/subtractor.

Design and realization of a 4-bit gray to binary and binary to gray Converter.

Design and realization of an 8-bit parallel load and serial out shift register using flip-flops.
Design and realization of a synchronous and asynchronous counter using flip-flops.
Design and realization of 8x1 MUX using 2x1 MUX.

Design and realization of 4-bit comparator.

Design a Ring counter and Twisted ring counter using a 4-bit shift register

Design and Realization of a sequence detector-a finite state machine.

e All the Basic Simulation Lab experiments are to be simulated using MATLAB/SCI LAB or
equivalent software.
Minimum of 14 experiments (7 from Basic Simulation and 7 from Digital System Design Lab) are to be

completed.

DEPARTMENT OF ECE
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EXPERMENT NO: 1

GENERATION OF VARIOUS SIGNALS&SEQUENCES

AIM: -To write a “MATLAB” Program to generate various signals and sequences, such as unit
impulse, unit step, unit ramp, sinusoidal, square, saw tooth, triangular, sinc signals.

SOFTWARE REQURIED:-
1. MATLAB R2010a.
2. Windows XP SP2.
THEORY:-

One of the more useful functions in the study of linear systems is the "unit impulse
function." An ideal impulse function is a function that is zero everywhere but at the origin,
where it is infinitely high. However, the area of the impulse is finite. This is, at first hard to
visualize but we can do so by using the graphs shown below.

Key Concept: Sifting Property of the Impulse

If b>a, then

: _[f(T), a<T<b
-Ea(t_ T)-f(t)dt = 1 0, otherwise

Example: Another integral problem

Assume a<b, and evaluate the integral
b
| 8(t) - f(t - T)dt

Solution:

We now that the impulse is zero except at t=0 so

&(t)-f(t-T)=58(t)-f(0-T) = 3(t) - f(-T)

And
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Ramp function Step function (Ramp as T—=0)
1 1
g =
g =
1] o
o 2
3]
a 0
a 1l o
Time Time
Derivative of Ramp function Impulse (&it)) = Derivative of step
; |
Tt . 1L\L
- ™ Note: height=ca,
= value shown is area.
= o
= =)
&
=
a o
a 1l o
Time Time

_Ts(t) f(t—T)dt = Ta(t) f(=T)dt

¥y j'a(t)dt

(f(-T), a<0<b
1 otherwise

Unit Step Function

The unit step function and the impulse function are considered to be fundamental functions in
engineering, and it is strongly recommended that the reader becomes very familiar with both of
these functions.

The unit step function, also known as the Heaviside function, is defined as such:

DEPARTMENT OF ECE 13
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0, ift <0
u(t)=4¢1, ift>0
1 ift=0
wit)
1
0 :

Sometimes, u(0) is given other values, usually either 0 or 1. For many applications, it is
irrelevant what the value at zero is. u(0) is generally written as undefined.

Derivative
The unit step function is level in all places except for a discontinuity at t = 0. For this reason, the
derivative of the unit step function is 0 at all points t, except where t = 0. Where t = 0, the

derivative of the unit step function is infinite.

The derivative of a unit step function is called an impulse function. The impulse function will
be described in more detail next.

Integral

The integral of a unit step function is computed as such:

: 0, ift<0) _,
/_ tie)ds = {fo‘ ds=t, ift> 0} = tult)

uft,)
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Sinc Function

There is a particular form that appears so frequently in communications engineering, that we
give it its own name. This function is called the "Sinc function" and 1s discussed below:

The Sinc function is defined in the following manner:

, s sin(wz) | |
sine(x) = — i ok
And
Sinc(0)=1

The value of sinc(x) is defined as 1 at x = 0, since

il_r}x})smc(:r) =1

This fact can be proven by noting that for x near 0,

[ Smrﬁ > cos(x)

Then, since cos(0) = 1, we can apply the Squeeze Theorem to show that the sinc function
approaches one as x goes to zero. Thus, defining sinc(0) to be 1 makes the sinc function
continuous.

Also, the Sinc function approaches zero as x goes towards infinity, with the envelope of sinc(x)
tapering off as 1/x.

Rect Function

The Rect Function is a function which produces a rectangular-shaped pulse with a width of 1
centered at t = 0. The Rect function pulse also has a height of 1. The Sinc function and the
rectangular function form a Fourier transform pair.

A Rect function can be written in the form:

rect t_X
LY

where the pulse is centered at X and has width Y. We can define the impulse function above in
terms of the rectangle function by centering the pulse at zero (X = 0), setting it's height to 1/A
and setting the pulse width to A, which approaches zero:

d(t) = lim %rect (t — D)

A—0 A A
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We can also construct a Rect function out of a pair of unit step functions

rect (f' ‘}X ) =u(t— X +Y/2) —u(t— X — Y/2)

Here, both unit step functions are set a distance of Y/2 away from the center point of (t - X).

SAWTOOTH:-

The SAWTOOTH wave (or saw wave) is a kind of non-sinusoidal waveform. It is named a
SAWTOOTH based on its resemblance to the teeth on the blade of a saw. The convention is that
a SAWTOOTH wave ramps upward and then sharply drops. However, there are also
SAWTOOTH waves in which the wave ramps downward and then sharply rises. The latter type
of SAWTOQOTH wave is called a 'reverse SAWTOOTH wave' or 'inverse SAWTOOTH wave'.
As audio signals, the two orientations of SAWTOOTH wave sound identical. The piecewise
linear function based on the floor function of time t, is an example of a SAWTOOTH wave with
period 1.

x(t) = 2 (2 — floor (2 + %))

Triangle wave

A triangle wave is a non-sinusoidal waveform named for its triangular shape.Abandlimited
triangle wave pictured in the time domain (top) and frequency domain(bottom). The fundamental
is at 220 Hz (A2).Like a square wave, the triangle wavecontains only odd harmonics. However,
the higher harmonics roll off much faster than in a square wave (proportional to the inverse
square of the harmonic number as opposed to just the inverse).It is possible to approximate a
triangle wave with additive synthesis by adding odd harmonics of the fundamental, multiplying
every (4n—1)th harmonic by —1(or changing its phase by ), and rolling off the harmonics by the
inverse square of their relative frequency to the fundamental. This infinite Fourier series
converges to the triangle wave:

8 > . sin ((2k + 1)wt)

Ttriangle t) = —
t gl( . T2 k:o( (2.1{—1—1)2
8 1 1
= (sill(wl‘) - §sin(3wt) - %sin(fwt) — .. )

where w is the angular frequency.

Sinusoidal Signal Generation
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The sine wave or sinusoid is a mathematical function that describes a smooth repetitive

oscillation. It occurs often in pure mathematics, as well as physics, signal processing, electrical
engineering and many other fields. Its most basic form as a function of time (t)is:

where:

*A, the amplitude, is the peak deviation of the function from its center position.
*m, the angular frequency, specifies how many oscillations occur in a unit time
interval, in radians per second

*, the phase, specifies where in its cycle the oscillation begins at t = 0.

A sampled sinusoid may be written as:

x(n) = Asin( 2&'4/1 +.9)
I

Where f is the signal frequency, fs is the sampling frequency, 0is the phase and A is the
amplitude of the signal.

PROCEDURE:-

Open MATLAB

Open new M-file

Type the program

Save in current directory

Compile and Run the program

For the output see command window\ Figure window

PROGRAM:-

%unit impulse function%clc;
clear all;

close all;

t=-10:1:10;

x=(t==0);

subplot(2,1,1);

plot(t,x,'g");

x label('time');

y label(‘amplitude");

title (‘'unit impulse function');

DEPARTMENT OF ECE 17
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subplot (2,1,2);

stem (t,x,'r');
xlabel('time");
ylabel(‘amplitude');

title('unit impulse discreat function');

%unit step function%

clc;

clear all;

close all;

N=100;

t=1:100;
x=ones(1,N);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel(‘amplitude');
title(‘unit step function');
subplot(2,1,2);
stem(t,x,'r");
xlabel('time");
ylabel('amplitude');

title('unit step discreat function');

%unit ramp function%

clc;
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clear all;

close all;

t=0:20;

X=t;

subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('unit ramp function);
subplot(2,1,2);
stem(t,x,'r");
xlabel('time");
ylabel('amplitude');

title('unit ramp discreat function');

%sinusoidal function%

clc;

clear all;

close all;

t=0:0.01:2;
x=sin(2*pi*t);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('sinusoidal signal');

subplot(2,1,2);

DEPARTMENT OF ECE

19




BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB
stem(t,x,'1');

xlabel('time");
ylabel('amplitude');

title('sinusoidal sequence);

%square function%

clc;

clear all;

close all;
t=0:0.01:2;
x=square(2*pi*t);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('square signal');
subplot(2,1,2);
stem(t,x,'r");
xlabel('time");
ylabel('amplitude');

title('square sequence');

%sawtooth function%
clc;
clear all;

close all;
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t=0:0.01:2;

x=sawtooth(2*pi*5*t);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('sawtooth signal');
subplot(2,1,2);
stem(t,x,'1');
xlabel('time');
ylabel('amplitude');

title('sawtooth sequence');

%trianguler function%
clc;

clear all;

close all;

t=0:0.01:2;
x=sawtooth(2*pi*5%*t,0.5);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel(‘amplitude");
title('trianguler signal');
subplot(2,1,2);
stem(t,x,'1');
xlabel('time");

ylabel(‘amplitude');
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title('trianguler sequence');

%sinc function%
clc;

clear all;

close all;
t=linspace(-5,5);
x=sinc(t);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('sinc signal');
subplot(2,1,2);
stem(t,x,'r");
xlabel('time");
ylabel('amplitude');

title('sinc sequence')
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OUTPUT:-
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unit impulse function
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unit ramp function
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sinusoidal sequence
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square function

square signal
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trianguler function

trianguler signal
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RESULT: Thus the Generation of continuous time signals like unit step, sawtooth,
triangular, sinusoidal, ramp and sinc functions are successfully completed

by using MATLAB .

VIVA QUESTIONS:-

1. Define Symetric and Anti-Symmetric Signals?

2. Define Continuous and Discrete Time Signals?

3. What are the Different types of representation of discrete time signals?
4. What are the Different types of Operation performed on signals?
5. What is System?

6.Explain Even Signals?

7.Explain Odd signals?

8.Define Periodic signals?

9.Define Aperiodic signals?

10.Differentiate Energy and Power signals with examples?
11.What is Energy Signals?

12.What is Power signals?

13.Define Systems?

14..How to determine time period of Periodic signals?

15.Define Frequency of signals?

16.Write MATLAB command for subtraction of two signals?
17.Write MATLAB command for addition of two signals?
18.Write MATLAB command for multiplication of two signals?
19.Write MATLAB command amplitude scaling of a sequence?
20.Write MATLAB command time scaling of a sequence?
21.Write MATLAB command time shifting of a sequence?

22.Write MATLAB command right shifting of a sequence?
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23.Write MATLAB command left shifting of a sequence?

24.How to calculate even part of a signal?

25.How to calculate odd part of a signal?

26.Write conditionfor physical realization system?

27.What is paley wiener criterion?

28.Write MATLAB command for division of two signals?

29.Write MATLAB command for left shift the signal to 8 times of the original signal
30Write MATLAB command for right shift the signal to 8 times of the original signal
31.Write MATLAB command for folding of a sequence?

32.Write MATLAB command for shift a positive time line signal to negative timeline signal
33.Write MATLAB command for shift a negative time line signal to positive timeline signal
34.Write MATLAB command for right shifting of a sequence to 8 times of the original signal
35.Write MATLAB command for left shifting of a sequence to 8 times of the original signal
36.Define complex exponential signal?

37.Define signum function?

38.Sketch the impulse signal?

39.Sketch the Double sided exponential signal?

40.Define real exponential signal?

41.Define step function?

42.What is the sinusoidal signal?

43 .Bring out the analogy between vectors and signals?

44 What is orthonormal vector and orthonormal set of vectors?

45.Define orthogonal signal space?

46.Define mean square erroe?

47 Explain orthogonal function?

48.What is basis vectors ?

49.The relation ship between unit step function and signum function?

50.Define rectangular function
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1. Generate rectangular pulse function by using MATLAB .
Write a MATLAB program to get the above output where ty = 2

EXERCISE QUESTIONS
2.
uft-t, )
1
] ty f
3.

Write a program to get the result in signal

r(t) = u(t) — 2*u(t+1)

4. Write a program to get the following output t = -1:-5

THE EYES VISUAL ENVRONMENT IS APPROXMATED BY A LNEAR RAMP
FIGLRE 4

5. Write mat lab program to get the above output

X(t) = 1; (0<t<2)

= 10;(2<t<15)

Note: Add ramp and unit
I

x(t)

program to generate a sine wave with amplitude = 3, frequency 20Hz.
program to generate a cos wave with amplitude = 3, frequency 20Hz.
program to generate a triangular wave with amplitude = 8, frequency

program to generate a square wave with amplitude = 2, frequency
program to generate the signum function.

program to generate exponential growing signal.

program to generate exponential decaying signal.

program to generate a triangular wave with amplitude = 6,frequency

program to generate a square wave with amplitude = 5, frequency

6. Write a MATLAB

7. Write a MATLAB

8. Write a MATLAB
10Hz.

9. Write a MATLAB
10kHz.

10. Write a MATLAB

11. Write a MATLAB

12. Write a MATLAB

13. Write a MATLAB
1Hz.

14. Write a MATLAB
S5kHz.
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15

16.
17.
18.
19.

20.
21.

22.

23.

24.

25.

. Write a MATLAB
frequency5Khz.
Write a MATLAB
Write a MATLAB
Write a MATLAB
4Hz.

Write a MATLAB
20kHz.

Write a MATLAB
Write a MATLAB
SkHz.

Write a MATLAB
6Hz.

Write a MATLAB
2Hz.

Write a MATLAB
S5kHz.

Write a MATLAB
frequency 10Khz.

Real Time Applications:

program to generate a SAWTOOTH wave with amplitude = 8§,

program to generate a sine wave with amplitude = 5, frequency SHz.
program to generate a cos wave with amplitude = 4, frequency 10Hz.
program to generate a triangular wave with amplitude = 5, frequency

program to generate a square wave with amplitude = 1, frequency

program to generate the signum function.
program to generate a square wave with amplitude = 4, frequency

program to generate a triangular wave with amplitude = 6, frequency
program to generate a triangular wave with amplitude = 8,frequency
program to generate a square wave with amplitude = 7, frequency

program to generate a SAWTOOTH wave with amplitude =10,

Industrial control and automation (Control the velocity or position of an object)
Examples: Controlling the position of a valve or shaft of a motor
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EXPERMENT NO: 2

OPERATIONS ON SIGNALS&SEQUENCES

AIM:-
To performs operations on signals and sequences such as addition, multiplication,
scaling, shifting, folding, computation of energy and average power.

SOFTWARE REQURIED:-

1. MATLAB R2010a.

2. Windows XP SP2.

THEORY:-

Basic Operation on Signals:

Time shifting: y(t)=x(t-T)The effect that a time shift has on the appearance of a signal

If T is a positive number, the time shifted signal, x (t -T ) gets shifted to the right, otherwise it
gets shifted left.

Signal Shifting and Delay:

Input. x3(n) Output.
-~ y(n)=x(n)+x,(n)

+

Input. x,5(n)

Shifting: y(n)={x(n-k)} ; m=n-k; y=x;

Time reversal: Y(t)=y(-t) Time reversal ips the signal about t = 0 as seen in
Figure 1.

Signal Addition and Subtraction:

Addition: any two signals can be added to form a third signal,

z®=x () +y(®
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Input. x3(n) Output.
+ vin)=x;(n)+x;(n)
+

Input. x5(n)

Signal Amplification/Attuation:

[nput. x;/n) Output.
v(n)=axin)

o

Multiplication/Division:

of two signals, their product is also a signal.

z®=x@®Oy®

Input. x;(n) Output,
- vin)=x;(n)*x,(n)
+

[nput. x,5(n)

Folding:

ym)={x(-n)} ; y=fliplr(x); n=-fliplr(n);

PROCEDURE:-
Open MATLAB
Open new M-file
Type the program

Save in current directory
Compile and Run the program
For the output see command window\ Figure window
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PROGRAM:-

%Addition and multiplication of two signals%
clc;

clear all;

close all;
t=0:0.001:2;
s1=6*sin(2*pi*5*t),
subplot(4,1,1);
plot(t,sl,'g");
xlabel('time");
ylabel(‘amplitude');
title('first signal');
$2=8*sin(2*pi*5*t);
subplot(4,1,2);
plot(t,s2,'1');
xlabel('time");
ylabel('amplitude');
title('second signal');
s3=s1+s2;
subplot(4,1,3);
plot(t,s3,'g");
xlabel('time");
ylabel('amplitude');
title('sum of two signals');
s4=s1.%s2;
subplot(4,1,4);
plot(t,s4,'g");

xlabel('time");
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ylabel(‘amplitude");

title('multiplication of two signals');
%Amplitude scaling for signals%
clc;

clear all;

close all;

t=0:0.001:2;
s1=6*sin(2*pi*5*t);
subplot(3,1,1);
plot(t,s1,'g");
xlabel('time");
ylabel('amplitude');
title('sinusoidal signal');
s2=3%s1;
subplot(3,1,2);
plot(t,s2,'r");
xlabel('time");
ylabel(‘amplitude');
title('amplified signal');
s3=s1/3;

subplot(3,1,3);
plot(t,s3,'g");
xlabel('time');
ylabel('amplitude");

title('attenuated signal');
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%Time scaling for signals%

clc;

clear all;

close all;

t=0:0.001:2;
s1=6*sin(2*pi*5*t);
subplot(3,1,1);
plot(t,sl,'g");
xlabel('time");
ylabel('amplitude");
title('sinusoidal signal’);
t1=3%*t;

subplot(3,1,2);
plot(tl,s1,'r");
xlabel('time');
ylabel('amplitude');
title('compressed signal’);
12=t/3;

subplot(3,1,3);
plot(t2,s1,'g");
xlabel('time");
ylabel('amplitude');
title('enlarged signal');
%Time shifting of a signal%
clc;

clear all;

close all;

t=0:0.001:3;
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s1=6*sin(2*pi*5*t);

subplot(3,1,1);

plot(t,s1,'g");

xlabel('time");
ylabel(‘amplitude');
title('sinusoidal signal');
t1=t+10;

subplot(3,1,2);
plot(tl,s1,'r");

xlabel('time');
ylabel(‘amplitude');
title('right shift of the signal');
t2=t-10;

subplot(3,1,3);
plot(t2,s1,'g");

xlabel('time");
ylabel('amplitude');
title('left shift of the signal');
%Time folding of a signal%
clc;

clear all;

close all;

t=0:0.001:2;
s=sin(2*pi*5*t);
m=length(s);

n=[-m:m];
y=[0,zeros(1,m),s];

subplot(2,1,1);
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plot(n,y,'s");

xlabel('time");
ylabel('amplitude');
title('original signal');
y1=[fliplr(s),0,zeros(1,m)];
subplot(2,1,2);
plot(n,yl,'r");

xlabel('time");
ylabel('amplitude');
title("folded signal');
OUTPUT:-

Addition and multiplication of two signals

o first signal

-g 10 3 3 [ 3 [ { 3 { {

= 0of -

g- _10 [ [ [ [ [ [ [ [ [

@ 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
time

© 0 second signal
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time

o sum of two signals

-g 20 3 3 T 3 T T 3 T [

= 0f —

g‘ -20 Bl r r r r r I r r

© 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
time

o multiplication of two signals
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g- 0 [ L [ [ [ [ L [ [
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time
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Amplitude scaling for signals
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Time shifting of a signal

sinusoidal signal
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RESULT:- In this experiment the various oprations on signals have been Performed Using
MATLAB have been demonstrated.
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VIVA QUESTIONS:-

1. Define Symmetric and Anti-Symmetric Signals?

2. Define Continuous and Discrete Time Signals?

3. What are the Different types of representation of discrete time signals?
4. What are the Different types of Operation performed on signals?
5. What is System?

6.Explain Even Signals?

7. Explain Odd signals?

8.Define Periodic signals?

9. Define Aperiodic signals?

10.Differentiate Energy and Power signals with examples?
11.What is Energy Signals?

12.What is Power signals?

13.Define Systems?

14..How to determine time period of Periodic signals?

15.Define Frequency of signals?

16.Write MATLAB command for subtraction of two signals?
17.Write MATLAB command for addition of two signals?
18.Write MATLAB command for multiplication of two signals?
19.Write MATLAB command amplitude scaling of a sequence?
20.Write MATLAB command time scaling of a sequence?
21.Write MATLAB command time shifting of a sequence?
22.Write MATLAB command right shifting of a sequence?
23.Write MATLAB command left shifting of a sequence?

24 How to calculate even part of a signal?

25.How to calculate odd part of a signal?

26.Write condition for physical realization system?

27.What is paley wiener criterion?
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28.Write MATLAB command for division of two signals?

29.Write MATLAB command for left shift the signal to 8 times of the original signal
30Write MATLAB command for right shift the signal to 8 times of the original signal
31.Write MATLAB command for folding of a sequence?

32.Write MATLAB command for shift a positive time line signal to negative timeline signal
33.Write MATLAB command for shift a negative time line signal to positive timeline signal
34.Write MATLAB command for right shifting of a sequence to 8 times of the original signal
35.Write MATLAB command for left shifting of a sequence to 8 times of the original signal
36.Define complex exponential signal?

37.Define signum function?

38.Sketch the impulse signal?

39.Sketch the Double sided exponential signal?

40.Define real exponential signal?

41.Define step function?

42.What is the sinusoidal signal?

43 .Bring out the analogy between vectors and signals?

44 What is orthonormal vector and orthonormal set of vectors?

45 .Define orthogonal signal space?

46.Define mean square error?

47 .Explain orthogonal function?

48.What is basis vectors ?

49.The relationship between unit step function and signum function?

50.Define rectangular function
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EXERCISE PROGRAMS

1. Write a MATLAB program to generate amplitude scaling of a sequence.

2. Write a MATLAB program to subtract two sinusoidal signals.

3. Write a MATLAB program to subtract and multiply two sinusoidal signals.

4. Write a MATLAB program to right shift the signal to 5 times of the original signal.

5. Write a MATLAB program to left shift the signal to 8 times of the original signal.

6. Write a MATLAB program to add two different signals with 2 <t<5

7. Write a MATLAB program to shift a positive time line signal to negative timeline signal.

8. Write a MATLAB program to subtract co-sinusoidal signals.

9. Write a MATLAB program to subtract two sinusoidal signals

10. Write a MATLAB
11. Write a MATLAB
12. Write a MATLAB
13. Write a MATLAB
14. Write a MATLAB
15. Write a MATLAB
16. Write a MATLAB
17. Write a MATLAB
18. Write a MATLAB
19. Write a MATLAB

20. Write a MATLAB

program to division and multiply two co-sinusoidal signals.
program to generate time scaling of a sequence.
program to generate time shifting of a sequence.

program to generate time folding of a sequence.

program to generate amplitude scaling of a sequence with amplitude 5.

program to generate time scaling of a sequence with time 2sec.
program to add two different signals with 4 <t<8

program to shift a negative time line signal to positive timeline signal.
program to subtract sinusoidal signals.

program to subtract and divide two sinusoidal signals

program to add and multiply two co-sinusoidal signals.

REAL TIME APPLICATIONS:

e Stream processing
¢ Block processing
* Vector processing
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EXPERMENT NO: 3

CONVOLUTION AND AUTOCORRELATION AND CROSS
CORRELATION BETWEEN SIGNALS AND SEQUENCES.

AIM: -

To find the output with linear convolution operation and compute auto correlation and cross
correlation between signals and Sequences using MATLAB Software

SOFTWARE REQURIED:-
1.MATLAB R2010a.
2.Windows XP SP2.
THEORY:-
Linear Convolution involves the following operations.
1. Folding
2. Multiplication
3. Addition
4. Shifting

These operations can be represented by a Mathematical Expression as follows:
Mn)= Y x[k}n - £]

x[n]= Input signal Samples

h[ n-k]= Impulse response co-efficient.
y[ n]= Convolution output.

n = No. of Input samples

h = No. of Impulse response co-efficient.

Example : X(n)={12-10 1}, h(n)={ 1,2,3,-1}.
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In Signal processing, When the autocorrelation function is normalized by mean and variance, it
is sometimes referred to as the autocorrelation coefficient. Given a signal f(t), the continuous
auto correlation Rff(T) is most often defined as the continuous cross-correlation integral of
f(t)with itself, at lag T

Ryg(r) = (S0« F-0)() = [ ft+nF@de= [ p@)Fe— )t
The discrete autocorrelation Rat lag j for a discrete signal x(n) is

RJ’-‘T(J) = Z Tn fn.—j-

In signal processing, cross-correlation is a measure of similarity of two waveforms as a function
of a time-lag applied to one of them. This is also known as a sliding dot product or sliding inner-
product. It is commonly used for searching a long signal for a shorter, known feature. It has
applications in pattern recognition, single particle analysis, electron tomographic averaging,
cryptanalysis, and neurophysiology.

For continuous functions f and g, the cross-correlation is defined as:

(Fra)) [ 1) gt + 1),

where f* denotes the complex conjugate of f and t is the time lag.

Similarly, for discrete functions, the cross-correlation is defined as:

(f*g)[n] aef Z f*[m] glm + n].

M=—>00
PROCEDURE:-

Open MATLAB

Open new M-file

Type the program

Save in current directory

Compile and Run the program

For the output see command window\ Figure window
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PROGRAM:-

%Convolution of two signals%
clc;

clear all;

close all;
t=0:0.001:10;
x=sin(t);

h=square(t);
subplot(3,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('sinusoidal signal');
subplot(3,1,2);
plot(t,h,'r");
xlabel('time");
ylabel('amplitude');
title('square function');
y=conv(x,h);
subplot(3,1,3);

plot(y);

xlabel('time");
ylabel('amplitude');

title('convolution signal');
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%Convolution of two sequences%clc;

clear all;

close all;

L=input('enter the length of Ist sequence');
M=input('enter the length of 2nd sequence');
x=input('enter the first sequence:x(n)=");
h=input(‘enter the second sequence:y(n)=");
N=0:(L+M-1);

y=conv(x,h);

subplot(3,1,1);

stem(x,'g');

xlabel('discrete time');

ylabel('x(n)");

title('1 st sequence');

subplot(3,1,2);

stem(h,'r");

xlabel('discrete time'");

ylabel('h(n)");

title('second sequence');

subplot(3,1,3);

stem(y);

xlabel('discrete time');

ylabel('y(n)");

title('convolution of two sequences');
PROGRAM:-

%Auto correlation for a signal%

clc;

clear all;
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close all;

t=0:0.001:1;
x=cos(2*pi*3*t);
a=xcorr(X);
subplot(2,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('input signal’);
subplot(2,1,2);
plot(a,'r");
xlabel('time");
ylabel('amplitude');
title("auto correlation signal');
%cross correlation for a signal%
clc;

clear all;

close all;
t=0:0.001:1;
x=cos(2*pi*3*t);
y=cos(2*pi*5*t);
a=xcorr(x,y);
subplot(3,1,1);
plot(t,x,'g");
xlabel('time");
ylabel('amplitude');
title('1st signal");

subplot(3,1,2);
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plot(t,y,'r");

xlabel('time");
ylabel('amplitude');

title("2nd signal');
subplot(3,1,3);

plot(a,'r");

xlabel('time");
ylabel('amplitude');

title('cross correlation signal’);\
%Auto correlation for a sequence%
clc;

clear all;

close all;

x=input('enter sample values')
a=xcorr(X);

subplot(2,1,1);

stem(x,'g");

xlabel('time");
ylabel('amplitude');

title('input sequence');
subplot(2,1,2);

stem(a,'r");

xlabel('time");
ylabel(‘amplitude');

title('auto correlation sequence');
%cross correlation for asequence%
clc;

clear all;
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close all;

x=input('enter first sequence');
y=input('enter second sequence');
a=xcorr(x,y);

subplot(3,1,1);

stem(x,'g');

xlabel('time");
ylabel('amplitude');

title('1 st sequence');
subplot(3,1,2);

stem(y,'');

xlabel('time");
ylabel('amplitude');

title("2nd sequence');
subplot(3,1,3);

stem(a,'r);

xlabel('time");
ylabel(‘amplitude');

title('cross correlation sequence');
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OUTPUT:-

Convolution of two signals

sinusoidal signal

1 1% 3 { 3

amplitude
o
T

{ { [ [

[ [ [ [

time
square function
(0] 1 ! t t { [ T T T
Ee]
=
3 O i
IS
[ _1 [ [ [ [ [ r t t
time
x 10" conwolution signal
(0] 1 t { { T
o
2
5 0 W .
IS
© _1 [ [ [ i
0 0.5 1 15 2 25
time « 10"

Convolution of two sequences

enter the length of 1st sequence4
enter the length of 2nd sequence4
enter the first sequence:x(n)=[1 2 3 4]

enter the second sequence:y(n)=[1 2 3 4]
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1st sequence

4 [ [ [ [ [
E ot i
x
0 [ [ [ [ [
1 1.5 2 25 3 35 4
discrete time
second sequence
4 [ [ [ [ [ )
€ 2} 1 .
=
0 [ T [ [
1 1.5 2 25 3 35 4
discrete time
conwolution of two sequences
40 [ [ [ [ [
A e 9
1 2 3 4 5 6 7
discrete time
OUTPUT:-

Auto correlation for a signal

input signal
l 3 [ { [ { { [ l [

amplitude
o
T
1

_l L L L [ L L [ L L

0 01 02 0.3 04 05 06 07 0.8 0.9 1
time
auto correlation signal

1000 T T T T
2 500 A ]
é ﬂ\ { \ PN
[=3 =Y ‘ A Y Vi
g % \ \ S W
8 oF~_/ \ / \ { I % 4 %» il
\ , \ /
/i E \ Sl
[ \\\/ i \\L// [ [
-500
0 500 1000 1500 2000 2500
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cross correlation for a signal

1st signal
o 1 § T [ 3 [ { { { {
e]
2
e |
@ _1 I i I [ L I r I I
0 01 0.2 0.3 04 05 06 0.7 0.8 0.9 1
time
2nd signal
1 \ { 5 { 3 T { [ { {
g | \ /N /\ \ F
2 / \ / /o /
= NN N\ /  \ \\ ’ /T
g i 3 / / \ /
© R \¢/ r \\¢// L \L/ L \_L// i \\v/
0 01 0.2 0.3 04 05 06 0.7 0.8 0.9 1
time
cross correlation signal
o 100 5 T T T y T
© Y M\ r\ \
I VAV VAVAWAVAVAVAY, —
[eX Nl \ A% Ne ol s \ \
-100 [ f 1 1
0 500 1000 1500 2000 2500

time

Auto correlation for a sequence
enter sample values[1 2 3 4]

x=1 2 3 4
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input sequence

4 T 3 T 3
3 -
(]
kel
2
1 Y
0 I I L
1 1.5 2 2.5 3.5
time
auto correlation sequence
30 T 3 : 3
8 20F
2
=
% 10
0 1 I I I
1 2 3 4 6
time
cross correlation for asequence
enter first sequence[l 2 3 4]
enter second sequence[l 2 3 4]
1st sequence
) 4 3 3 5 ]
=]
2
3 2
S
© 0 I ! [ I
1 1.5 2 25 35
time
2nd sequence
) 4 3 T 3 3
=]
=
5 2" 0]
E O
© 0 i [ [
1 1.5 2 25 35
time
cross correlation sequence
40 T T 3 3
3]
e G)
= 20
= -~ )
g ) @
S b T
1 2 3 4 6
time
RESULT:-

In this experiment output with linear convolution operation and compute auto correlation and

cross correlation between signals and Sequences have been performed Using MATLAB .
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VIVA QUESTIONS:-

1. Define Convolution?

2. Define Properties of Convolution?

3. What is the Difference Between Convolution& Correlation?
4. What are Dirchlet Conditions of Fourier Series?

5. What is Half Wave Symmetry?

6. Define Linear Convolution?

7. Define Properties of Convolution in time domain?

8. What is the Difference Between Linear Convolution &Circular Correlation?
9. What are Dirchlet Conditions for Fourier Transform?
10.What is Full Wave Symmetry?

11.What is Correlation?

12. What is the importance of correlation?

13. What is the difference b/w correlation and convolution?
14.What is Auto Correlation?

15.What is Cross Correlation?

16.Relation between convolution and correlation?

17.State the commutative property of convolution?

18.State the associative property of convolution?

19.State the distributive property of convolution?

20.what is convolution integral?

21.What is quarter wave symmetry?

22.What is impulse response?

23.What is step response?

24What is ramp response?

25.What is parabolic response?

26.How to calculate DC component of periodic signal?

27.How to calculate a, component of periodic signal?
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28.How to calculate b,, component of periodic signal?

29 Relation between energy and correlation?

30.Defne amplitude and phase spectrum?

31.Explain hidden symmetry?

32.Explain Gibbs phenomenon?

33.What are the Dirichlet conditions?

34.Write the parsevals theorem?

35.What is rotation symmetry?

36.What is power spectrum?

37.What is compact form fourier series?

38.What is fourier transform of impulse signal?

39.What is fourier transform of step signal?

40.What is fourier transform of ramp signal?

41.What is fourier transform of signum function?
42.What is fourier transform of SINC function?

43.When a periodic is said to have a half wave symmetry?
44 When a periodic is said to have a quater wave symmetry?
45.When a periodic is said to have a odd symmetry?
46.When a periodic is said to have a even symmetry?
47.What is the relationship between cosine and trigonometric representation?
48.What is the condition for half wave symmetry?
49.What is the condition for quater wave symmetry?

50.What is the condition for odd symmetry?
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EXERCISE PROGRAMS

1.Write the MATLAB program to perform convolution between the following sequences
Xm)=[1-14],h(n)=[-12-31].

2. Write a mat lab program to perform the convolution between sinusoidal and ramp function and
see how mat lab reacts to it.

3. Write a MATLAB program to perform convolution between square and step signal and see
how mat lab reacts to it.

4. Write a MATLAB program to perform convolution between sinusoidal and ramp signal and
see how mat lab reacts to it.

5. Write a MATLAB program to perform the convolution between X (n) =[12 3 5] and y (n) =
[- 1 —2] and see how MATLAB reacts to it.

6. Write a MATLAB program to perform the convolution between X (n) =[1 -3 5] andy (n) =
[1234]and see how MATLAB reacts to it.

7. Write a MATLAB program to perform the convolution between X (n)=[1 01 1] and y (n) =
[10000]and see how MATLAB reacts to it.

8.Write a MATLAB program to perform the convolution between X (n)=[11110000]andy
(n)=[10101010]and see how MATLAB reacts to it.

9.Write a MATLAB program to perform the convolution between X (n) =[1 1 0 0] and y (n) =
[1 11 1]and see how MATLAB reacts to it.

10.Write a MATLAB program to perform the convolution between X (n) = [6 7 8 9 10] and y
(n)=[54321]and see how MATLAB reacts to it.

11.Write the MATLAB program to perform convolution between the following sequences
X(n)=[2 -232, h(n) = [-24 -52].

12. Write a mat lab program to perform the convolution between step and ramp function and see
how mat lab reacts to it.

13. Write a MATLAB program to perform convolution between square and step signal and see
how mat lab reacts to it.

14. Write a MATLAB program to perform convolution between sinusoidal and square signal
and see how mat lab reacts to it.

15. Write a MATLAB program to perform the convolution between X (n) =[234 5] and y (n) =
[-2 —4] and see how MATLAB reacts to it.

16. Write a MATLAB program to perform the convolution between X (n) = [3 -46] and y (n) =
[2686] and see how MATLAB reacts to it.
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17. Write a MATLAB program to perform the convolution between X (n) = [3120] and y (n) =

[2434 5] and see how MATLAB reacts to it.

18.Write a MATLAB program to perform the convolution between X (n) =[22 1 0211 0] and y
(n)=[1112101 0] and see how MATLAB reacts to it.

19.Write a MATLAB program to perform the convolution between X (n) =[2 1 21] and y (n) =
[121 2] and see how MATLAB reacts to it.

20.Write a MATLAB program to perform the convolution between X (n) = [56987] and y (n) =
[12 32 1] and see how MATLAB reacts to it.

21.Write the MATLAB program to perform convolution between the following sequences
X(n)=[4 -651], h(n) = [-13 -43].

22. Write a mat lab program to perform the convolution between ramp and step function and see
how mat lab reacts to it.

23. Write a MATLAB program to perform convolution between square and step signal and see
how mat lab reacts to it.

24. Write a MATLAB program to perform convolution between sinusoidal and step signal and
see how mat lab reacts to it.

25. Write a MATLAB program to perform the convolution between X (n)=[156 5] and y (n) =
[-3 —6] and see how MATLAB reacts to it.

Real Time Applications:

1.The convolution is to determine the response y[n] of a system of a known impulse
response h[n] for a given input signal x[n] to obtain y[n].

2. Correlation is used to extract second (and higher) order statistics from any random
signal.
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EXPERMENT NO: 4

VERIFICATION OF LINEARITY AND TIME INVARIANCE
PROPERTIES OF A GIVEN CONTINUOUS /DISCRETE SYSTEM

AIM: -
To compute linearity and time invariance properties of a given continuous /discrete
System.
SOFTWARE REQURIED:-
1.MATLAB R2010a.
2.Windows XP SP2.
THEORY:-
LINEARITY PROPERTY
- satisfies the principle of superposition
Lax, (m)+a,x, ()] =a L[ x, (m)]+a, I x, ()]
vay ., a,, x, (), x,(n)

The output y(n) of a linear system to an arbitrary mput x(n)

vy =Ix(n)]= L{ f.\'(l")o‘(n—k):| = %‘:.\‘(kﬁ),/:[o‘('n—/l')]

n=—0 n=-co

L[&(n-k)]18 called umpulse response, and 18 denoted by h(n.k)

+C0
y(n) = S x(kh(n, k)

n=—00
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LINEAR TIME INVARIENT SYSTEMS(LTI)

A linear gystem m which an mput-output pair 1¢ mvariant to a shift n in
tune 15 called a linear times-invariant system

y(n) = L[x(n)] ---=2> y(n-k) = L[x(n-k)]

h(n,k)=L[S(n—k)]=h(n-k)

The output of a LTI system 1s call a linear convolution sum

A
yv(n)=LTI[x(n)]= > x(k)k(n—Fk)=x(n)*h(n)

k=-o

An LTT system 1s completely characterized in the tume domain by the
umpulse response h(n).

n=-—00
PROCEDURE:-

Open MATLAB

Open new M-file

Type the program

Save in current directory

Compile and Run the program

For the output see command window\ Figure window

PROGRAM:-

%Program1:%

clc;

clear all;

close all;

n=0:40; a=2; b=1;
x1=cos(2*pi*0.1*n);
x2=cos(2*pi1*0.4*n);
x=a*x1+b*x2;
y=n.*x;

yl=n.*x1;

y2=n.*x2;
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yt=a*yl+b*y2;

d=y-yt;

d=round(d)

ifd

disp('Given system is not satisfy linearity property');
else

disp('Given system is satisfy linearity property');
end

subplot(3,1,1), stem(n,y);
grid;

subplot(3,1,2), stem(n,yt);
grid,;

subplot(3,1,3), stem(n,d);
grid;

%Program?2:%

clc;

clear all;

close all;

n=0:40; a=2; b=-3;
x1=cos(2*pi*0.1*n);
x2=cos(2*pi*0.4*n);
x=a*x1+b*x2;

y=x."2;

yl=x1."2;

y2=x2.12;

yt=a*yl+b*y2;

d=y-yt;

d=round(d);

DEPARTMENT OF ECE

60




BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB
ifd

disp('Given system is not satisfy linearity property");
else

disp('Given system is satisfy linearity property");
end

subplot(3,1,1), stem(n,y);

grid;

subplot(3,1,2), stem(n,yt);

grid;

subplot(3,1,3), stem(n,d);

grid;

%Program3:%

clc;

close all;

clear all;

n=0:40;

D=10;

x=3*cos(2*pi*0.1*n)-2*cos(2*pi*0.4*n);,
xd=[zeros(1,D) x];

y=n.*xd(n+D);

nl=n+D;

yd=nl.*x;

d=y-yd;

if

disp('Given system is not satisfy time shifting property');
else

disp('Given system is satisfy time shifting property');

end
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subplot(3,1,1),stem(y),grid,;

subplot(3,1,2),stem(yd),grid;
subplot(3,1,3),stem(d),grid,;
OUTPUT:-

Programl:

J Figure 1 E]@@

% File Edit Yiew Insert Tools Desktop Window Help
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Program?2:
J Figure 1 E]@@
File Edit View Insert Tools Desktop Window Help af
- —
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@ note new toolbar buttons: data brushing & linked plots 4% (53, Play video X
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Programa3:

File Edit View
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VIVA QUESTIONS :

1. Define Systems?

2. What is LTI Systems?

3. Describe LTV Systems?

4.Summarize importance of Linear Systems?

5 Differentiate b/w Linear and Non-Linear Systems?

6. Summarize Properties of LTI Systems?

7.Explain two Properties of LTV Systems?

8.Appraise Superposition Principal?

9. Compare between CT and DT systems?

10.Memorize Causality of LTI Systems?

11.State Properties Of Convolution?

12.List the Applications Of Correlation?

13.Locate DFT ?

14.List classification of Continuous Time Signals? Name Them?
15Revise Examples of Causal Signal?

16.Apraise Amplitude Scaling And Time Scaling?
17.Classify Discrete Time Signal?

18.What is meant by Step Response Of The Dt System?
19.Define Impulse Response of a Dt System?

20.State The Significance of Difference Equations?
21.Write The Difference Equation For Discrete Time System?
22.What are the Properties of Convolution?

23.State the Commutative Properties of Convolution?

24 State the Associative Properties of Convolution?
25.Memorize Causal Lti Dt System?

26.What are the properties of continous Time fourier series.

27.State laplace transform.
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28.Report the condition for convergance of L.T?

29. State region of convergance ?

30.State shifting property of L.T?

31.Memorize transfer function?

32.Memorize convolution property of L.T?

33.Define Time Variant And Time Invariant System?

34.State The Methods For Evaluating Inverse Z-transform.?

35.How to obtain The output Sequence of Linear Convolution through Circular Convolution?
36.What is Zero Padding?what Are Its Uses?

37.Define Sectional Convolution?

38.Why FFT Is Needed?

39.Distinguish Between Linear Convolution And Circular Convolution Of Two Sequences?
40.Justify Differences And Similarities Between Dif And Dit Algorithms?
41.What are The Different Types Of Filters Based On Impulse Response?
42.What are The Different Types Of Filters Based On Frequency Response?
43.What is Power signals?

44 Define Systems?

45.How to determine time period of Periodic signals?

46.Define Frequency of signals?

47.What is the difference b/w stem & plot?

48.What is Energy Signals?

49.What is Power signals?

50.Define Systems?
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EXCERCISE QUESTIONS

1.Write a MATLAB program to verify the linearity property of the following sequency
x1=sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the linearity
property or not.

2.Write a MATLAB program to verify the linearity property of the following sequency
x1= sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the linearity
property or not

3.Write a MATLAB program to verify the linearity property of the following sequency
x1=sin(2*p1*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the linearity property
or not

4.Write a MATLAB program to verify the time invariance property of the following
sequency x1= sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the time
invariance property or not.

5.Write a MATLAB program to verify the time invariance property of the following
sequency x 1= sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the time
invariance property or not

6.Write a MATLAB program to verify the time invariance property of the following
sequency x1= sin(2*pi*0.1*n); cos(2*pi1*0.3*n),and chech whether it satisfies the time
invariance property or not.

7.Write a MATLAB program to verify the time variance property of the following
sequency x1= sin(2*pi*0.1*n); cos(2*pi1*0.3*n),and chech whether it satisfies the time
invariance property or not.

8.Write a MATLAB program to verify the non linearity property of the following
sequency  x1= sin(2*pi*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the
linearity property or not

9.Write a MATLAB program to verify the time variance property of the following
sequency x 1= sin(2*pi*1*n);x2= sin(2*p1*2*n), and chech whether it satisfies the time
invariance property or not.

10.Write a MATLAB program to verify the non linearity property of the following
sequency  x1= sin(2*pi*1*n);x2= sin(2*p1*2*n), and chech whether it satisfies the
linearity property or not.

11.Write a MATLAB program to verify the linearity property of the following sequency
x1= sin(2*p1*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the linearity
property or not.

12.Write a MATLAB program to verify the linearity property of the following sequency
x1= sin(2*p1*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the linearity
property or not
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13.Write a MATLAB program to verify the linearity property of the following sequency
x1= sin(2*pi*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the linearity property
or not
14.Write a MATLAB program to verify the time invariance property of the following
sequency x 1= sin(2*pi*1*n);x2= sin(2*p1*2*n), and chech whether it satisfies the time
invariance property or not.

15.Write a MATLAB program to verify the time invariance property of the following
sequency x 1= sin(2*pi*1*n);x2= sin(2*p1*2*n), and chech whether it satisfies the time
invariance property or not

16.Write a MATLAB program to verify the time invariance property of the following
sequency x1= sin(2*pi*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the time
invariance property or not.

17.Write a MATLAB program to verify the time variance property of the following
sequency x1= sin(2*pi*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the time
invariance property or not.

18.Write a MATLAB program to verify the non linearity property of the following
sequency  x1= sin(2*pi*0.1*n); cos(2*pi*0.3*n),and chech whether it satisfies the
linearity property or not

19.Write a MATLAB program to verify the time variance property of the following
sequency x1= sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the time
invariance property or not.

20.Write a MATLAB program to verify the non linearity property of the following
sequency  xI1= sin(2*pi*1*n);x2= sin(2*pi*2*n), and chech whether it satisfies the
linearity property or not

Real Time Applications:

1. Wave Propagation such as sound and electromagnetic waves.

2. Electrical circuits composed of resistors, capacitors and inductors.
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EXPERMENT NO: 5

COMPUTATION OF UNIT SAMPLE, UNIT STEP AND

SINUSOIDAL RESPONSE OF THE GIVEN LTI SYSTEM

AIM: -
To Unit Step And Sinusoidal Response Of The Given LTI System And Verifying
Its Physical Realizability And Stability Properties.
SOFTWARE REQURIED:-

1.MATLAB R2010a.

2.Windows XP SP2.
THEORY:-
A discrete time system performs an operation on an input signal based on predefined
criteria to produce a modified output signal. The input signal x(n) is the system

excitation, and y(n) is the system response. The transform operation is shown as,

x(n) y(n)="T[(x(n)]
T >

If the input to the system is unit impulse i.e. x(n) = 6(n) then the output of the system is

known as impulse response denoted by h(n) where,

h(n) = T[3(n)]
we know that any arbitrary sequence x(n) can be represented as a weighted sum of

discrete impulses. Now the system response is given by,
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s

y(n) ="T[x(n)] = ‘l'[Zx(’k) i’S(ll-k)J
k=-o

For linear system (1) reduces to

x

y(n) = Y.\(k) T[6(n-k)]

k=-o
M
> b Xm-K)
I=0
H(Z)=
2>
Z X (n-K)
k=]
b0+b1Z-l+b2Z-2+ ............. leZ(N-l) +l)NZ_N
H(z)=
1+ aIZ'l+a2Z'2+ ............. aNIZ(N'D +aNZ'N
PROCEDURE:-
¢ Open MATLAB
¢ Open new M-file
¢ Type the program
¢ Save in current directory
¢ Compile and Run the program
¢ For the output see command window\ Figure window
PROGRAM:-

%calculate and plot the impulse response and step response%oclc;
clear all;

close all;

b=[1];

a=[1,-1,.9];

x=impseq(0,-20,120);

n=1[-20:120];

h=filter(b,a,x);

DEPARTMENT OF ECE

69




BASIC SIMULATION & DIGITAL SYSTEM DESIGN LAB
subplot(3,1,1);stem(n,h);

title('impulse response');
xlabel('n");ylabel('h(n)");
=stepseq(0,-20,120);
s=filter(b,a,x);
s=filter(b,a,x);
subplot(3,1,2);
stem(n,s);

title('step response');
xlabel('n");ylabel('s(n)")
t=0:0.1:2%*pi;

x1=sin(t);
%impseq(0,-20,120);
n=[-20:120];
h=filter(b,a,x1);
subplot(3,1,3);stem(h);
title('sin response');
xlabel('n");ylabel('h(n)");
figure;

zplane(b,a);
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OUTPUT:-

plot the impulse response and step response

J Figure 1
File Edit View Insert Tools Desktop Window Help
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) Figure 2
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Real Part
RESULT:-

In this experiment computation of unit sample, unit step andsinusoidal response of the given LTI
system and verifying its physical realizabilityandstability properties Using MATLAB .
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VIVA QUESTIONS:-

1.List out operations that can be performed on signals and sequence?
2.State causality?

3.Define scaling property and give its importance?

4.Judge shifting property and give its importance?
5.Memorize folding property and give its importance?
6.Define stability?

7.Evaluate the importance of Causality?

8.Give the importance of Stability?

9.Define Impulse Response?

10.Locate Step Response?

11.What is meant by Step Response of the DT System?
12.Define Impulse Response of a DT System?

13.State the Significance of Difference Equations?

14.Write the Difference Equation For Discrete Time System?
15.What are the Properties of Convolution?

16.Memorizethe Commutative Properties of Convolution?
17.State the Associative Properties of Convolution?
18.Locate Causal LTI DT System?

19. Define Causal LTI DT System?

20.Memorize stability?

21.State Reliability?

22.Relate stability nad realiabilty of a signal?

23.compare stability nad realiabilty of a sequence?

24.What are the classification of the System based on Unit Sample Response?
25.Memorize is Recursive System?

26.State is Non-Recursive System?

27.What Is Natural Response?
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28.Locate Is Zero Input Response?

29.Define Is Forced Response?

30.Examine Complete Response?

31. Relation between ramp and parabolic signal?
32.Define orthogonality between signals?

33. State properties of convolution?

34.Give some examples of causal system?

35. State superposition theorem?

36.How the DT system is represented?

37.What is folding operation?

38.State is shifting operation?

39.Locateis time scaling operation?

40. Define is SINC function?

41.What is amplitude scaling operation?

42 Memorize sampling function?

43 justify summation operation?

44 What is multiplication operation?

45.List some examples of random signal?

46. Relate stability nad realiabilty of a signal?
47. Justify of feedback system?

48.Memorize conditions for distortion less transmission system?
49 Formulate expression for rectangular function?

50.Write expression for tringular function?
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EXERCISE PROGRAM:-

1. Write a MATLAB program for generating u(n)-u(n-1).

2. Write a MATLAB program for generating delayed unit step response

3.Write a MATLAB program for generating delayed impulse response

4. Write a MATLAB program for generating u(n)+u(n-1) and verify how MATLAB reacts to it.
5. write a MATLAB program to find the energy & power of the signal x(t)=10sin(10t).
6. write a MATLAB program to find the even & odd of the signal x(t)=e”2t.

7. write a MATLAB program to find the even & odd of the signal x(t)=sin(t).

8. write a MATLAB program to find the even & odd of the signal x(t)=cos(t).

9. write a MATLAB program to find the energy & power of the signal x(t)=sin(t).

10. write a MATLAB program to find the energy & power of the signal x(t)=e”"2t.

11. Write a MATLAB program for generating u(n-2)-u(n-1).

12. Write a MATLAB program for generating delayed step response with magnitude 2
13.Write a MATLAB program for generating delayed impulse response with magnitude

14. Write a MATLAB program for generating u(n+1)+u(n-1) and verify how MATLAB reacts
to it.

15. Write a MATLAB program to find the energy & power of the signal x(t)=20sin(5t).
16. Write a MATLAB program to find the even & odd of the signal x(t)=e"3t.

17. Write a MATLAB program to find the even & odd of the signal x(t)=sin(t)+cos(t).

18. Write a MATLAB program to find the even & odd of the signal x(t)=cos(t)-sin(t).

19. Write a MATLAB program to find the energy & power of the signal x(t)=sin(t)-cos(t).
20. Write a MATLAB program to find the energy & power of the signal x(t)=e¢"4t.

21. Write a MATLAB program for generating u(n+2)-u(n-1).

22. Write a MATLAB program for generating delayed unit step response

23.Write a MATLAB program for generating delayed impulse response

24. Write a MATLAB program for generating u(n-3)+u(n-1) and verify how MATLAB reacts
to it.

25. Write a MATLAB program to find the energy & power of the signal x(t)=5sin(20t).
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Real Time Applications:

1. Electronic Circuits such as amplifiers and filters.
2. Mechanical motion from the interaction of masses, springs and dashpots (dampers).
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EXPERMENT NO: 6

DEMONSTRATION OF GIBBS PHENOMENON

AIM: -
To demonstrate Gibbs Phenomenon using MATLAB.
SOFTWARE REQURIED:-
1.MATLAB R2010a.
2.Windows XP SP2.
THEORY:-

Gibbs Phenomenon:

The peculiar manner in which the Fourier series of a piecewise continuously differentiable
periodic function behaves at a jump discontinuity: the nth partial sum of the Fourier series
has large oscillations near the jump, which might increase the maximum of the partial sum
above that of the function itself. The overshoot does not die out as the frequency increases,
but approaches a finite limit.

The Gibbs phenomenon involves both the fact that Fourier sums overshoot at a jump
discontinuity, and that this overshoot does not die out as the frequency increases.

The best known version of the Gibbs phenomenon is the overshoot that arises when a
discontinuous

function is represented by a truncated set of Fourier expansion terms. The situation is similar if
the

truncated Fourier expansion is instead obtained by means of interpolation on an equispaced grid.
PROCEDURE:-

Open MATLAB

Open new M-file

Type the program

Save in current directory

Compile and Run the program

For the output see command window\ Figure window
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PROGRAM:-

%Gibbs phenomenon%

clc;

clear all;

close all;

t=0:0.01:1;

N=input('enter no of harmonics');

x=square(2*pi*t);

plot(t,x);

hold on;

gp=0;

for n=1:2:N;
gp=gp+(4/(n*pi))*sin(2*pi*n*t);

end;

plot(t,gp);

hold off;

xlabel('time");

ylabel('amplitude");

title('gibbs phenomenon');
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OUTPUT:-

Gibbs phenomenon

enter no of harmonics 5

gibbs phenomenon

15 3 T { 3 { {

0.5

amplitude
o
7

0 0.1 0.2 0.3 0.4 0.5 0.6
time

RESULT:-

In this experiment Gibbs phenomenon have been demonstrated Using MATLAB .
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EXERCISE PROGRAM:-

1.Write the MATLAB program to perform convolution between the following
sequencesX(n)=[1 893 ],h(n)=[24509].

2. Write a mat lab program to perform the convolution between sinusoidal and ramp
function and see how mat lab reacts to it.

3. Write a MATLAB program to perform convolution between square and step signal
and see how mat lab reacts to it.

4. Write a MATLAB program to perform convolution between sinusoidal and ramp
signal and see how mat lab reacts to it.

5. Write a MATLAB program to perform the convolution between X (n) =[8 5 6 9] and
y (n) =[- 1 — 2] and see how MATLAB reacts to it.

6. Write a MATLAB program to perform the convolution between X (n) =[1 -3 4 5] and
y (n) =[1 2 3 4] and see how MATLAB reacts to it.

7. Write a MATLAB program to perform the convolution between X (n) =[1 01 1] and
y(n)=[10000]and see how MATLAB reacts to it.

8.Write a MATLAB program to perform the convolution between
XMm)=[11110000]andy (n)=[10101010]and see how MATLAB reacts to it.
9.Write a MATLAB program to perform the convolution between X (n) =[1 1 0 0] and
y(n)=[1111]and see how MATLAB reacts to it.

10.Write a MATLAB program to perform the convolution between X (n) =[69 7 5 2]
and y (n) =[8 5 6 4 2] and see how MATLAB reacts to it.

11.Write the MATLAB program to perform convolution between the following
sequencesX(n)=[24 9 3], h(n)=[1375].

12. Write a mat lab program to perform the convolution between step and ramp function and see
how mat lab reacts to it.

13. Write a MATLAB program to perform convolution between sinusoidal and step
signal and see how mat lab reacts to it.

14. Write a MATLAB program to perform convolution between impulse and ramp
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signal and see how mat lab reacts to it.

15. Write a MATLAB program to perform the convolution between X (n) =[32 6 9]
and y (n) = [-2 —4] and see how MATLAB reacts to it.

16. Write a MATLAB program to perform the convolution between X (n) = [2 -42 5]

and y (n) =[4 2 3 4] and see how MATLAB reacts to it.

17. Write a MATLAB program to perform the convolution between X (n)=[2 10 1]

andy (n) =[10 11] and see how MATLAB reacts to it.

18. Write a MATLAB program to perform the convolution between X (n)=[121201
01]andy (n)=[201 1002 0] and see how MATLAB reacts to it.

19.Write a MATLAB program to perform the convolution between X (n) =[22 0 2] and

y (n)=[112 2] and see how MATLAB reacts to it.

20. Write a MATLAB program to perform the convolution between X (n) =[214 5 3]
and y (n) =[21 6 21] and see how MATLAB reacts to it.

21.Write the MATLAB program to perform convolution between the following
Sequences X(n)=[2 8 7 3], h(n)=[1429].

22. Write a mat lab program to perform the convolution between sinusoidal and ramp
function and see how mat lab reacts to it.

23. Write a MATLAB program to perform convolution between square and step signal
and see how mat lab reacts to it.

24. Write a MATLAB program to perform convolution between sinusoidal and ramp
signal and see how mat lab reacts to it.

25. Write a MATLAB program to perform the convolution between X (n) =[4 52 1]

and y (n) =[-2 — 1] and see how MATLAB reacts to it.
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VIVA QUESTIONS:-

1.Define Gibb’s Phenomenon?

2. What is the importance of Gibb’s Phenomenon?

3. What is Static and Dynamic System?

4. What is Causal Signal?

5. What is Causality Condition of the Signal?

6. Define Noise?

7. What is the importance of FS?

8. What is the importance of FT?

9. Define LTV system?

10.Define LTI system?

11.State the Commutative Properties of Convolution?

12..State the Associative Properties of Convolution?

13.Memorize Causal Lti Dt System?

14.What are the properties of continous Time fourier series.

15.State laplace transform.

16.Report the condition for convergance of L.T?

17. State region of convergance ?

18.State shifting property of L.T?

19.Memorize transfer function?

20.Memorize convolution property of L.T?

21.What Are The Desirable Characteristics Of The Window Function?
22..What Are The Advantages Of Kaiser Window?

24 .For What Type Of Filters Frequency Sampling Method Is Suitable?
25.State Equations Used to Convert the Fir Filter Coefficients to Lattice Filter
Coefficient.

26.How One Can Design Digital Filters From Analog Filters?

27.Give The Bilinear Transform Equation Between S-plane And Z-plane?
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28.What Is Bilinear Transformation?

29.What Is The Advantage Of Cascade Realization?
30.What Is Meant By Sign Magnitude Representation?
31.Define Symetric and Anti-Symmetric Signals?
32.Define Continuous and Discrete Time Signals?
33.What are the Different types of representation of discrete time signals?
34.What are the Different types of Operation performed on signals?
35.State Parseval’s Power theorem for a periodic signal?
36.What is Cross-correlation ?
37.Define ESD? Explain the relation between ESD and Auto-correlation ?
38.Define PSD? Explain the relation between PSD and Auto-correlation ?
39. State is Non-Recursive System?
40.What Is Natural Response?
41Locate Is Zero Input Response?
42.Define Is Forced Response?
43 Examine Complete Response?
44. Relation between ramp and parabolic signal?
45 Define orthogonality between signals?
46. State properties of convolution?
47.Give some examples of causal system?
48. State superposition theorem?
49.What is the importance of FT?
50. Define LTV system?
Real Time Applications:

¢ The Gibbs phenomenon, discovered by Henry Wilbraham and rediscovered by J. Willard
Gibbs (1899), is the peculiar manner in which the Fourier series of a piecewise
continuously differentiable periodic function behaves at a jump discontinuity.
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EXPERMENT NO: 7

FINDING THE FOURIER TRANSFORM OF A GIVEN SIGNAL
AND PLOTTING ITS MAGNITUDE AND PHASE SPECTRUM

AIM: -

To obtain Fourier Transform and Inverse Fourier Transform of a given signal / sequence and to
plot its Magnitude and Phase Spectra.

SOFTWARE REQURIED:-

1.MATLAB R2010a.

2.Windows XP SP2.
THEORY:-
Fourier Transform Theorems:
We may use Fourier series to motivate the Fourier transform as follows. Suppose that f is
a function which is zero outside of some interval [-L/2, L/2]. Then for any T >L we may
expand f in a Fourier series on the interval [-T/2,T/2], where the "amount" of the wave
e2ninx/T in the Fourier series of f is given by

By definition

Flw)= j flx)e ™ dx

]
1 Re x
f(t) = —/ F(w)e™'dw | F(W)= / flt)e— 14t dt
21 J_ y S

Pait 2sinaw
@
2a
» AN Vin NN
-3 0 a 1 SN/ 0 maN %

The fast Fourier transform (FFT) is an efficient algorithm for computing the DFT of a
sequence; it is not a separate transform. It is particularly useful in areas such as signal and

image processing, where its uses range from filtering, convolution, and frequency analysis to
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power spectrum estimation

For length N input vector x, the DFT is a length N vector X, with elements
N

X(k) = sum x(n)*exp(-j*2*pi*(k-1)*(n-1)/N), 1 <=k <=N.

n=1

The inverse DFT (computed by IFFT) is given by

N

x(n) = (I/N) sum X(k)*exp( j*2*pi*(k-1)*(n-1)/N), ] <=n <=N.

k=1
PROCEDURE:-

* Open MATLAB

* Open new M-file

¢ Type the program

e Save in current directory

¢ Compile and Run the program

¢ For 