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Generation of elementary Discrete
Time sequences

Linear and Circular convolutions

Auto correlation and Cross Correlation
Frequency Analysis using DFT

Design of FIR filters (LPF/HPF/BPF/BSF) and demonstrates the filtering operation

Design of Butterworth and Chebyshev IIR filters (LPF/HPF/BPF/BSF) and .
demonstrate the filtering operations

N RN

(DSP PROCESSOR BASED IMPLEMENTATION)

9. Study of architecture of Digital Signal Processor
10. Perform MAC operation using various addressing modes
11. Generation of various signals and random noise

12. Design and demonstration of FIR Filter for Low pass, High pass, Band pass and
Band stop filtering

13. Design and demonstration of Butter worth and Chebyshev IIR Filters for Low pass,
High pass, Band pass and Band stop filtering

14. Implement an Up sampling and Down sampling operation in DSP Processor
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COURSE OBJECTIVE

1. To perform basic signal processing operations such as Linear Convolution, Circular
Convolution, Auto Correlation, Cross Correlation and Frequency

analysis in MATLAB
To implement FIR and IIR filters in MATLAB and DSP Processor

To study the architecture of DSP processor
4, To design a DSP system to demonstrate the Multi-rate and Adaptive signal

processing concepts.

il S

LEARNING OUTCOME

At the end of the course, the student should be able to

e Carryout basic signal processing operations

e Demonstrate their abilities towards MATLAB based implementation of various DSP
systems

Analyze the architecture of a DSP Processor

Design and Implement the FIR and IIR Filters in DSP Processor for performing
filtering operation over real time signals

Design a DSP system for various applications of DSP

PRE-REQUISITE

Programming in C and MATLAB

EQUIPMENTS / COMPONENTS / SOFTWARE REQUIRMENT

Hardware:

e PCs with Fixed / Floating point DSP Processors (Kit / Add-on Cards) 15 Units.

Software:

e MATLAB with Simulink and Signal Processing Tool Box or Equivalent Software in
desktop systems -15 Nos

» Signal Generators (1MHz) - 15 Nos
CRO (20MHz) -15 Nos
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Ex.No | Planned Title of the Experiment No. of Cumulative ‘
Date Hrs. No. of periods
required
CYCLE : Il MATLAB / EQUIVALENT SOFTWARE PACKAGE
1. Generation of elementary Discrete Time 4 4
sequences
2. Linear and Circular convolutions 4 8
3 Auto correlation and Cross Correlation 4 12
4. Frequency Analysis using DFT 4 16
5. Design of FIR filters 4 20
(LPF/HPF/BPF/BSF) and demonstrates
the filtering operation
6. Design of Butterworth and Chebyshev 8 28
1IR filters (LPF/HPF/BPF/BSF) and
demonstrate the filtering operations
CYCLE : 11 DSP PROCESSOR BASED IMPLEMENTATION
7. Study of architecture 4 32
of Digital Signal Processor
8. Perform MAC operation using various 4 36
addressing modes .
g, Generation of various signals and 4 40
random noise
10. Design and demonstration of FIR Filter 4 44
for Low pass, High pass, Band pass and
Band stop filtering
11 Design and demonstration of Butter 8 52
worth and Chebyshev IR Filters for
Low pass, High pass, Band pass and
Band stop filtering
12. Implement an Up-sampling and Down- 8 60
sampling operation in DSP Processor

CONTENT BEYOND SYLLABUS
1. Study of sampling theorem, effect of under sampling.
(Link:http://www.digital.iitkgp.ernet.in/dsp/expts/expt01/index3. php

2. Study of FIR filter design using window method: Low pass and high pass filter.
(Link:http://www.digital.iitkgp.ernet.in/dsp/expts/expt08/)

INTERNAL ASSESSMENT DETAILS

MODEL [ =1
PORTIONS [CYCLE1 &2 EXPERIMENTS
Date
>
P \?b Verif dB)I“q”
repared by erifie
Mr.R.BALAKRISHNAN W’)\’Q\ 20>\ HOD/ECE
Approved by
PRINCIPAL

Page 2 of 2




A NAAC Accredited Institution

IKING S

AN
COLLEGE OF ENGINEE SR ING b . v
Recognized under 2(f) & 12(B) of UGS e
Approved by AICTE, New Dolhi
Niffilinted to Anna University, Chennai

TV Fiiois

CERT

150 2001

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING
ACADEMIC YEAR 2021 - 2022 / ODD SEMESTER

CLASS: 111 ECE

CLASS COORDINATOR: Mrs.U.JEYAMALAR

HALL NO:ONLINE

STRENGTH: 42

ROLL REGISTER NAME OF THE ROLL REGISTER NAME OF THE
NO. NUMBER STUDENT NO. NUMBER STUDENT
01 821119106001 | ABIMANEU S 22 | 821119106025 | MADHUMITHA G
02 821119106002 | AGALYA P 23 821119106026 | MAHESWARIV
03 821119106004 | BLESSON MANUEL] 24 | 821119106027 | MATHIVANAN K
04 821119106005 | DHARMADURAI A 25 | 821119106028 | NITHITHA U
05 821119106006 | DHARSHINI C 26 | 821119106029 | NIVETHITHAS
06 821119106007 | DURGA SRIR 27 | 821119106030 | PAVITHRA P
07 821119106008 | GANGA L 28 | 821119106031 | PRAKASH A
08 821119106009 | GANGA R 29 | 821119106032 | PRETHIYA B
09 821119106010 | GAYATHRI K 30 | 821119106033 | PRIYANKA K
10 821119106011 | GAYATHRI S 3.l 821119106034 | RAMANA BHARATHI S
11 821119106012 | ISHWARYA K 32 | 821119106035 | RENUKA K
12 821119106013 | JAYAKUMAR A 33 | 821119106036 | RUTHRA R
13 821119106015 | JOTHIKA R 34 | 821119106037 | SABARINATHAN S
14 821119106016 | KABILAN R 35 | 821119106039 | SARASWATHI K
15 821119106017 | KABISHENA P 36 | 821119106040 | SATHYA G
16 821119106019 | KARIKALAN G 37 | 821119106042 | SHATHANA B
17 821119106020 | KARTHICK N 38 | 821119106043 | SOUNDHARYA R
18 821119106021 | KARTHIKA DEVIM 39 | 821119106044 | SURIYA C
19 821119106022 | KIRUBADHARSHINI S 40 | 821119106045 | SUSIKUMAR T
20 821119106023 | KRISHNADEVI G 41 821119106046 | SWETHAA S M
21 821119106024 | LOGESHWARAN P 42 821119106048 | VAISHNAVI G




Fld. _....a.hw r.a

TR

NI SHOTNDG
u‘.a.,iu.!:. i ml.,rm.‘.nj.,... U,..n.,. .cu..
= TUSH
L T . 4 R o
Y T B TR, b = RS ®
» 5 e - gs
: £
b
S D 1} ; H i V )
o w2 AR o oy Tt LR
) T wediay @ Wty 1 i LU gL
wndipy 2 welny ie gLk -—ny ey tn rasiis Ferdaiiln Lol
* ¥ : b . i G - ; ECLISNE
RGN TN NN LN B )y
D200 RO T DRV N WM Rty uatpradan] 100 - 4w
T ;:..ﬁ FrOf AMON O BRI M IV RNV IINEE TVORTRNIINE LR YN
:ﬁz,s..,i:z., zc“:._, zf:,.f.:.ﬁ NUNONL VIR 3O DN S
. N % X

' RN P b g,

5 s ik s i i) a8k L,‘)‘FFE.,...EP-Q?.‘F:;_ Gasanis




KINGS

COLLEGE OF ENGINEERING

(NAAC Accredited Institution)
(Approved by AICTE. New Delhi Affiliated to
Anna University, Chennai)

TUVRhsInlond™:
FES, csn:]

J 1S0O 9001

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

Lab Manual

Subject Title: DIGITAL SIGNAL PROCESSING LABORATORY

Subject Code: EC8562

Name
Reg. No.
Degree
Branch

Year/ Sem

: B.E.

: ECE

(II/V

Academic Year: 2021 -2022

SM i SNETHFIH

821119106045

%




FORMAT: QP10 KCE/DEPT. OF ECE

A NAAC Accredited Institution

KINGS | .-

COLLEGE OF &rRNGINEERING — O Bl
Rocognized undor 2(f) & 12(B) of UGC W remprr
Approved by AICTE, Now Dolhi
Nffiliatod to Anna University, Chennai

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

SUBJECT: DIGITAL SIGNAL PROCESSING LABORATORY

SEMESTER: V

LAB MANUAL (EC8562)
(Version : 3)

PREPARED BY
Mr.R.BALAKRISHNAN,AP/ECE

SPL
DSPL KCE/ECEILM/IIIYR/D



“ -w - -

- b L™ 4 A" J L - - -w b _ 4 w

~

T T

R

FORMAT: QP10

KCEI/DEPT. OF ECE

EC 8562 DIGITAL SIGNAL PROCESSING LAB ORATORY LTPC

0042
SYLLABUS

(MATLAB / EQUIVALENT SOFTWARE PACKAGE)

Generation of elementary Discrete

Time sequences
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Auto correlation and Cross Correlation

Frequency Analysis using DFT

Design of FIR filters (LPF/HPF/BPF/BSF) and demonstrates the filtering operation
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demonstrate the filtering operations

N U

(DSP PROCESSOR BASED IMPLEMENTATION)

9. Study of architecture of Digital Signal Processor

10. Perform MAC operation using various addressing modes
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Staff Name : Mr.R.Balakrishanan Academic Year :2021-22 (0ODD)

COURSE OBJECTIVE

w

To perform basic signal processing operations such as Linear Convolution, Circular
Convolution, Auto Correlation, Cross Correlation and Frequency

analysis in MATLAB

To implement FIR and IR filters in MATLAB and DSP Processor

To study the architecture of DSP processor

To design a DSP system to demonstrate the Multi-rate and Adaptive signal
processing concepts.

LEARNING OUTCOME

At the end of the course, the student should be able to

Carryout basic signal processing operations

Demonstrate their abilities towards MATLAB based implementation of various DSP
systems

Analyze the architecture of a DSP Processor

Design and Implement the FIR and IIR Filters in DSP Processor for performing
filtering operation over real time signals

Design a DSP system for various applications of DSP

PRE-REQUISITE

Programming in C and MATLAB

EQUIPMENTS / COMPONENTS / SOFTWARE REQUIRMENT

Hardware:

e PCs with Fixed / Floating point DSP Processors (Kit / Add-on Cards) 15 Units.

Software:

e MATLAB with Simulink and Signal Processing Tool Box or Equivalent Software in
desktop systems -15 Nos

e Signal Generators (1MHz) - 15 Nos

e CRO (20MHz) -15 Nos
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KCE / DEPT. OF ECE

Ex.No | Planned Title of the Experiment No. of Cumulative
Date Hrs. No. of periods
required
CYCLE : 1 MATLAB / EQUIVALENT SOFTWARE PACKAGE
L 1\q.08 202 Generation of elementary Discrete Time 4 4
sequences
2. %2‘%2‘ 222! Linear and Circular convolutions 4 8
3. |o2.0a.20a| Auto correlation and Cross Correlation 4 12
4. |06.09.202\ Frequency Analysis using DFT 4 16
5. |0q.0A.20c2) Design of FIR filters 4 20
T (LPF‘/HPF/BPF/BS'F) and demonstrates
the filtering operation
6. |\6.09.20a| Design of Butterworth and Chebyshev 8 28
- IR filters (LPF/HPF/BPF/BSF) and
demonstrate the filtering operations
CYCLE : 11 DSP PROCESSOR BASED IMPLEMENTATION
7. Study of architecture 4 32
22-02.20 ¢ pigital Signal Processor
8. l‘f.oq.qo# Perform MAC operation using various 4 36
addressing modes
9. |20.0a.202\ Generation of various signals and 4 40
“ - to.20al| random noise
10.|~.1©. 20m| Design and demonstration of FIR Filter 4 44
i o s for Low pass, H.igh pass, Band pass and
Band stop filtering
11.|1@.10. 20n | Design and demonstration of Butter 8 o2
worth and Chebyshev 1IR Filters for
21.10.282| | ow pass, High pass, Band pass and
Band stop filtering
12.|2%:10-2021| Implement an Up-sampling and Down- 8 60
23.to. 262 . 5 .
oL 11 ~on | Sampling operation in DSP Processor

CONTENT BEYOND SYLLABUS
1. Study of sampling theorem, effect of under sampling.

(Link:http://www.digital.iitkgp.ernet.in/dsp/expts/expt01/index3.php

2. Study of FIR filter design using window method: Low pass and high pass filter.
(Link:http://www.digital.iitkgp.ernet.in/dsp/expts/expt08/)

INTERNAL ASSESSMENT DETAILS

MODEL

|

PORTIONS

CYCLE1 &2 EXPERIMENTS

Date
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CONTENTS
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USING MATLAB

Expt. No.: 1

GENERATION OF ELEMENTARY DISCRETE TIME
Date: \9.0g. 2 ooy SEQUENCES
AlM:

To generate elementary time sequences of unit impulse, unit step, dplayed unit
step Exponential Sine wave, Cosine wave, Ramp and Random function using MATLAB.

APPARATUS REQUIRED:
PC with MATLAB 9.0

FUNCTIONS USED:
plot (x,y);
stem (x,y)
supplot (2,1,1);

PROGRAM:

% GENERATION OF INPUT SIGNALS
cle;

% UNIT IMPLUSE
X=-10:1:10;

Y=((X-0)==0);

subplot(7,1,1);

stem(x,y);

xlabel('n");

ylabel(amp');

title('unit impluse');

% DELAYED UNIT IMPLUSE
X=-10:1:10;

Y=((X-4)==0),

subplot(7,1,3);

stem(x,y);

xlabel('n");

ylabel('amp');

title('delayed unit impluse');

% UNIT STEP

X=-10:1:10;

Y=((X-0)>=0);

subplot(7,1,5);

stem(x,y);

xlabel('n');

ylabel(‘'amp');

title(‘unit step');

% DELAYED UNIT STEP
X=-10:1:10; y
Y=((X-4)>=0);
subplot(7,1,7);

stem(x,y);

xlabel('n’);

ylabel('amp’);

title('delayed unit impluse');

Kings College of Engineering. Page | 6
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%EXPONENTIAL FUNCTION
figure(2);

x=0:0.01:10;
subplot(7,1,1);
plot(x,exp(x));

xlabel('t";

ylabel('amp";
title('exponential function');
% RAMP FUNCTION
x=0:1:20;

y=0:1:20;

subplot(7,1,3);

plot(x,y);

xlabel('t);

ylabel(‘amp");

title('ramp function");

% RAMDOM FUNCTION
x=rand(1,10);
%y=rand(1,10):
subplot(7,1,5);

plot(x);

xlabel('t");

ylabel(‘amp');
title('random function');
%SINUSOIDAL FUNCTION
t=linespace(0,2*pi,1000);
disp( ' INPUT ');

disp(" ');

a=input(‘enter the amplitude A
f=input('enter the frequency ')
th=input(‘enter the angle )

theta=th*pi/180;
y=a*sin((2*pi*f*t)+theta);
subplot(7,1,7),

plot(t,y);

xlabel('t);

ylabel('amp');

title('sinusoidal function');
%COSINUSOIDAL FUNCTION
figure(3);
t=linespace(0,2*pi,1000);
disp( ' INPUT '),

disp(" );
a=input('enter the amplitude M)
f=input('enter the frequency '),

th=input('enter the angle 4) s
theta=th*pi/180; S
y=a*cos((2*pi*f*t)+theta);

subplot(7,1,1),

plot(t,y);

xlabel('t');

ylabel('amp');
title(‘cosinusoidal function');

Kings College of Engineering. Page | 7
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Model output signals:

unit impluse
o 1 L L L T o T T T L J
£ 05 ( |
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n
delayed unit impluse
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-10 -8 -6 -4 -2 0 2 4 6 8 10
n
unit step _
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10 -8 6 4 2 0 2 4 6 8 10
n
delayed unit impluse
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£ 05 ]
- S S NN :
-10 -8 -6 -4 2 0 2 4 6 8 10
n

Figure 1.1.Generation of Signals

random function
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Figure 1.2.Generation of Signals

\/’\
RESULT:
Thus the graphical representation of unit impulse, unit step, delayed unit step,
Exponential, Sine wave, Cosine wave, Ramp and Random function was generated and
verified.

Kings College of Engineering. Page | 9
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Expt. No.: 2

AlIM:

To write the program for finding the linear and circular convolution of two

Date: o 5. €.202
—_—M—' Q'DD"

LINEAR AND CIRCULAR CONVOLUTION

signals using MATLAB.

APPARATUS REQUIRED:
PC with MATLARB 9.0

ALGORITHM:

PROGRAM:

Step 1: Get the input x(n) and h(n) sequence.

Step 2: Use conv () function.
Step 3: Plot the output sequence.

% LINEAR CONVOLUTION

clc;

clear all;

close all;

x=input('Enter the x(n) sequences');
y=input('Enter the y(n) sequences’);
z=conv(x,y);

subplot(3,1,1);

stem(x);

xlabel('time'),

ylabel('amp");

title('input x(n) sequences');
subplot(3,1,2);

stem(y);

xlabel('time');

ylabel('amp');

title(‘impluse input h(n) sequences’);
subplot(3,1,3);

stem(z),

xlabel('time');

ylabel('amp’),

title('output h(n) sequences'),

% CIRCULAR CONVOLUTION
clc;

clear all;
close all;

=input('ente (n) sequence');
h=i ‘enter the x2{n) sequence’);

N1=length(x);
N2=length(h);
N=max(N1,N2);
N3=N1-N2;
if(N3<0)
x=[x,zeros(1,-N3)J;
else
x=[h,zeros(1,N3)];
end

for n=1-N

Kings College of Engineering.
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y(n)=0;
fori=1:N
j=n-i+1
if(j<=0) :
=N+ |
end
y(n)=y(n)+x(i)*h(j);
end
end
subplot(3,1,1);
stem(x);
xlabel('time");
ylabel('amp");
title('input x1(n) sequences');
subplot(3,1,2);
stem(h);
xlabel('time');
ylabel('amp");
title('input x2(n) sequences');
subplot(3,1,3);
stem(y);
xlabel('time");
ylabel(‘amp');
title('output y(n) sequences');

Various Values of Linear and Circular Convolution:

S.NO. X(n) H(n) ' Y(n)

Linear Convolution

2, 2% 0%2, 1, 4. 89,7, 06,
L% 1y Su2,1% 5,
Q‘ $’a ir‘r' ‘3' $Q:Q'% %Q'AFJA;A.Q?

Circular Con%

\___,,
=. {\,’2; 3/‘}-3‘ ﬁé.t, 2, 0’3- '€|"5,\‘7,|f,l‘7?
4. %l,Q,B;'\\%/ _%’4.3,9.,\2.’ %’[5'[@,21,18% {

Kings College of Engineering. Page | 12
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Model output signals:

input x(N) sequences
1\1_.. P &
=
B oF - e -
-1‘-' c ._f\, - - - I - _t
1 1.5 2 2.5 3 3.5 4
n
Iimpluse input h(n) sequences
2 ™ T E— - - ST e =T e o
B 1¢- Rs®
B et SEER) ST PRSI ST SR 2 =E
1 1.8 > 2.5 3 3.5 4
n
outputl h(n) sequences
r ——— e - = - = *i:
. @ ¢ |
5 | 1 i | Py
B B 53 N : P
2 3 4 5 =] 7
n
input x1(N) sequences
2=~ — — —_— = =5 =
I
g 9. & “©
= | .'
[} — L, . - - N E L
1 1.5 2 2.5 3 3.5 <
time
input x2(n) sequences
2; —_— —_— 3 — e ——— — -
E LI G .l -él
© | ] I ]
Q =~ - — — = —
1.5 2 2.5 3 3.5 <t
time
output y(n) sequences
10 — g ey ot SRR ST
g sf T -f
|
Q —_— — e S _S— o o JRECOSTre — —— e —_— =
1.5 2.5 3 3.5 <1
time

Figure 2.1.Linear and Circular convolution of sequences

\0

q&o\%\m

us the linear convolution and circular convolution of the given sequence was
performed and the result was verified.

RESUL
T
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VIVA QUESTIONS:
1. What is meant by causality?

Tnfluen o oy wohich wme
o Objett  onflbdes oo the P
eVt 1 Process. sStare or oBject where JHhe cause
Pakly ~responsble dov the effect -
2. Differentiate linear convolution with circular convolution.

o dfnean (onvhutlon B the Baste operation I»
calalake dhe oukput for wuny Abneay Hme Dnvasiont
8ystem given s Enput vnd dmpulre wesponie

W Cyadlax comvpAudisw & Juhe SWM’% buk
Consft the signal & pedcdic.

3. What is the length of linear and circular convolutions if the two sequences are

having the length n1 and n2?

CBreulas, ton volubin of o - fFnite Lenotin
S ce I -_Qq}ﬁ,\raﬁ.wﬂ: o uﬁ.ﬁmeawmwh’*&"” of twro
Sequence '-%aﬂowec’l by wime alfastng .

W:W'swﬂ

O

4. How to perform linear convolution using circular convolution?
Chedon convolutibn of 2 vm/\d.q,é. do ke equivolot:
Yo muwst pad e vedprg wieih viguos do ,D‘Q[ﬂt-h, ot Qeant
NaL-\ Bfove you ke She DFT. Az wow Lnuek JRe
ct of DFTe . vetoln N-tL-l Wlements .

5. What is the use of function command 'deconv'?

His MPTLpB cowvolues wa vedmy

v our of Vector w
Tukwws e s q wud vernalinder ¥

Sudh that U = NV (y, g +r.

]
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VIVAQUESTIONS:  Kings College of Engineering, Punalkulam
S.

; - Ki
1. Give th.e classification & signa

Continuous Time and Discrete Time Signals. Deterministic and Non-deterministic Signals. ... Real and Imaginary
Signals.

2. What is meant by continuous and discrete time signal?

A signal is considered to be a continuous time signal if it is defined over a continuum of the independent variablg.
A signal is considered to be discrete time if the independent variable only has discrete values.

3. What are the types of systems?

Types of Systems

Physical or abstract systems.

Open or closed systems

Deterministic or probabilistic systems.
Man-made information systems.

4. What is a energy signal? How to calculate energy of a signal?

If your signal is said to be power signal definitely that convey energy signal. So a signal can be both energy and
power signal at a time.

Then. We have 1 by 2 n plus 1 then we have summation - n - and then we have a square. Because the inside we
write X of n square. Correct so mod of X of n square is a square

5. What is a power signal? How to calculate power of a signal?

The power of a signal is the sum of the absolute squares of its time-domain samples divided by the signal iength
or, equivalently, the square of its RMS.level.

calculate the power for one period. For the analog sine we have Pa=11[10sin2(2nt)dt=12.
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VIVA QUESTIONS:

ca ineering, Punalkulam
1, Whgtismeanl't(ﬁ\?&%aﬁﬁ"ege of Engineering,

Influence by which one event, process, state or object (a cause) contributes to the production of another
event, process, state or object (an effect) where the cause is partly responsible for the effect,

2. Differentiate linear convolution with circular convolution.

Linear convolution is the basic operation to calculate the output for any linear time invariant system given its
Input and its impulse response.

Circular convolution is the same thing but considering that the support of the signal is periodic (as in a circie,
hence the name)

3. What is the length of linear and circular convolutions if the two sequences are
having the length n1 and n2?

Thus, the circular convolution of two finite-length sequences is equivalent to the linear

convolution of the two sequences, followed by time aliasing. Example: Consider two identical
sequences x1[n] and x2[n] of length L in 058

4. How to perform linear convolution using circular convolution?

For the circular convolution of x and y to be equivalent, you must pad the vectors with zeros to length at lea
N +L-1before you take the DFT_ After you invert the product of the DFTs, retain only the first N+ L - 1
elements. Create two vectors, x and y , and compute the linear convolution of the two vectors.

3. What is the use of function command ‘deconv’?
//’7
This MATLAB function deconvolves a vector v out of a vector u using long-division, and retus

ns the quotient q and
remainder r such that u = conv(v,q) + r.

+)

=
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B.E/B.Tech. PRACTICAL END SEMESTER EXAMINATIONS, NOVEMBER /| DECEMBER 2019
Fifih Semester

EC8562 - DIGITAL SIGNAL PROCESSING LABORATORY
(Regulations 2017)
Time : 3 Hours Answer any one Queslion Max. Marks 100

{To be filled by the question paper setter)

Aim/Principle/Apparatus | Tabulation/Circuit/ | Caleulation | Viva-Voce | Record | Total
required/Procedure l Program/Drawing | & Results |
SR - M I 20 10 | w0 | 100
1 (a) Generate standard discrete time sequences namely unit impulse, unit step, unit ramp signals

by running a suitable MATLARB program

. (b) Write and execute a MATLARB program 1o generate the frequency spectrum of these standard

signals.

2 Write and exccute a MATLAB program 1o perform periodic convolution of 2 discrete lime

sequences’ xi(n) =[1.2.3,5,6,-7] and x2(n) = [4.5,6,7.8]. Also venfy the results manually.

3 Write and exceute a MATLAB program to perform convolution of the 2 discrete time sequences |

along lincar time axis: xy(n) =2, 2<n <7 and x2(n) = 1, 1<n<8; Also verify the results manually,

. s T |
4 Write and exccute a MATLAB program Lo perform cross correlation of the sequences x(n) =

[1.1,2.2] and y(n) = [1,0,5,1] Also verify the results manually ‘

5. By execuling 2 suitable MATLAB program, determine the auto correlation of x(n) = [1,2,3.4]
Also venify the results manually.
6 | Write and execute a suitable MATLAB program 1o compute 8 point DFT of the discrete ime
sequence x(n) = [2,1.2.1.1,2,1.2]. Also plot the magnitude and phase spectrum.
7 Write and execute a MATLARB program 1o find the response of an LTI system for the input x(n)
= [1,2,3.4] and the impulse response h{n) = [1.2,2,1] by performing circular convolution of |
: [
suitable length. Verify the system response through lincar convolution.
| 8 Write and exccute a MATLAB program to determine the impulse response of FIR lowpass filler

using rectangular window and hence plot the frequency response. Verify the response by

[

Page 2013

working out the. {ibifgﬁ manually.

Write and execute a MATLARB program to determine the impulse response of FIR highpass filter

9.
using Hamming window and hence plot the frequency response. Verify the response by working
out the design manually.

10 By executing a suitable MATLAB program, determine the impulse response of FIR bandpass |
filter using Hanning window and hence plot the frequency response. Verify the response by
working out the design manually

1. By exccuting a suilable MATLAB program, determine the impulse response of FIR bandstop
filter using Fourier serics method and hence plot the frequency response Venfy the response by
working oul the design manually |

12 Write and execute a MATLAB program to design a Butterworth digital IIR Tow pass filler using '
Bilinear wansformation to satisfy the following specifications: :
T=0.1sec.0.6 <|H(™) =10 for0=w= 337

[H{E™) <01, for07aswsn |

§ = __ i

13. Write and execute a MATLAB program to design a Butterworth digital 1IR high pass filter using
Bilincar transformation to satisfy the following specifications: I
T=01scc, 06 <|H(¢™) =10 for07n5w= n

[H(e™) <01 for0=w= 350 |

14. Write and execute a MATLAB program to design a Butterworth digital HIR low pass filter using |
Impulse invariant transformation to satisfy the following specifications:

T=1sec; 0707 <|H(¢™) =10 for0smw= 37 |
[H(™)| <02, forfor0.75r<w= 7 |
15. Write and execute a MATLARB program 1o design a Chebyshev digital 1R low pass filter using I

Impulse invariant transformation Lo satisfy the following specifications:
T=lsec;09<|HE@") <10 for0<w< 257

|H(¢™) | <024 ; forfor05a2<w= =z |
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| 16 i Write and execute 28 MATLARB program to design a Chebyshev digital IR low pass filler using
! | Bilinear transformation to satisfy the following specifications;
T=1sec:08<|HE) <10 . for0<w=<02=x
[H(™) €02 forfor032z<w<
|
\ 17. Generate sinusoidal and square waveforms using TMS3205416 DSP processor.
i is. Implement the generation of 1rianguhr waveform and random noise using 'I'MSB”OS-! 16.
i 19 Perform up sampling (by a facmt of 3) and down sampling (by a factor of ") on a discrete time ‘
! | signal using TMS3205416.
20 Design and implement a FIR low pass filter with a cut ofl frequency of 1 KHz with |
TMS3205416. Plot the frequency response
| | Design and implement an lIR Butterworth low pass filter with a cut off frequency of 1 KHz |
using TMS3203416. Verify the fn.qucncx rcapuus;
22

Demonstrale the indirect. direct and immediate addressing modcs of TMS3205416 usmg\
| programming examples
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Model Lab -1 Schedule

SI.LNo Batch Roll Date Time
number | Number
1. One 1-21 07.12.2021 9.15a.m. To 12.15a.m
2. Two 22-42 07:12.2021 12.45p.m. To 3.00p.m.

Pl W“

Staff in charge HOD /ECE
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MARK ALLOCATION for MODEL LAB 1

. SLNo Contents Marks |
1. | AiM/Principle/Apparatus 25
f ' required/Procedure .
| 58 Program/ / Circuit Diagram/Block 35
; | Diagram
3. | Calculation/Results 20
4. | Vivavoce 10
5. | Record 10
! !
| Total 100
( al)
2 2 B iraTio
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- HOD/ECE
(Mr. R. Balakrishnan)
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Sub. Code :EC8562 Branch / Year / Sem: B.E ECE / I11I/V
Sub.Name : Digital Signal Processing Lab Batch : 2019-2023
Staff Name | :Mr. R. Balakrishnan Academic Year : 2021-22 (ODD)
:02.12.2021
ATTENDANCE SHEET
RNO | REGNO.OFTHE | NAME OF THE STUDENT SIGNATURE
STUDENT
1821119106001 ABIMANEU $ A,
2| 821119106002 AGALYA P ‘b g b;;u :
3821119106004 BLESSON MANUEL ] oot
* 1821119106005 DHARMADURAI A B
> | 821119106006 DHARSHINI C € phorshing
6 1821119106007 DURGA SRI R P peogasni
7 | 821119106008 GANGA L Kl omraen
8 1821119106009 GANGA R R (rengg
% 1821119106010 GAYATHRI K % QA‘"H\_
10 1821119106011 GAYATHRI S E s MQ} Ty
111 821119106012 ISHWARYA K L 1.2
12 1821119106013 JAYAKUMAR A A Jayepuuman
13 1821119106015 JOTHIKA R R. getrtka
14 1821119106016 KABILAN R Q-@i
15 1821119106017 KABISHENA P .
16 | 821119106019 KARIKALAN G Pm O
17" 1 821119106020 KARTHICK N AL . ]
181 821119106021 KARTHIKA DEVI M M Koo Dot
19" 1821119106022 KIRUBADHARSHIN] § 8 Worutnollongl, -
20 1821119106023 KRISHNADEVI G ) DL, — —Lena p
21 1821119106024 LOGESHWARAN P PL@%LW@%M




22

| 821119106025 MADHUMITHA G 1. Mool humidhe '
23 | 821119106026 MAHESWARI V Go) oz 7 '
24 1821119106027 MATHIVANAN K K modl franan
! zz '!821119106028 NlTHmljl"H'A!I-J V) M}qu ;;
| | 821119106029 NIVETHITHA S 8 watiiho |
27 | 821119106030 PAVITHRA P | ARl
- 28 1821119106031 PRAKASH A AN YOPi
| 29 | 821119106032 PRETHIYA B B - PeidButin.
| 39 1821119106033 PRIYANKA K K- Pfyanka .
!! 3; 2821119106034 RAMANA BHARATHI S g/QﬁM\/qq\.xk&«
| 321 821119106035 RENUKA K Penuke. K
| 33 1821119106036 RUTHRA R 2. Rutwa
| 3% 821119106037 SABARINATHAN S )ﬁ/)
| 35 1821119106039 SARASWATHI K iﬁa:ﬂ»&
| 36 1821119106040 | SATHYAG Cn DS o
37 1821119106042 SHATHANA B B.3hatiara
- 38 1821119106043 SOUNDHARYA R R+ Beund hostya
| 39 821119106044 SURIYA C Sustiye ¢
40 1821119106045 SUSIKUMAR T fdeL:r
41 821119106046 SWETHAA S M &M, ol
42 1821119106048 VAISHNAVI G B o oo}
CDM_,MV
yl\ﬂf\w?’.

HOD/ECE
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e = . T e, T . e

’ AN Wme and execute a MATLARB program to perform ])\.[IOdlC convolution of 2 d“Mu
. L\\/ | %qucnus xi(n) = [] 2.3.5.6.-7] and xa(n) = [4.5,6.7,8] Also \rcuiy the usulls !mnudny

e e R 8 . 7 AN e T o e e e AL SRR e i o) R M o R At o N ~Tagemacys ———
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abel (' Hme ') :
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&) progrand % AUTD CoRRELATION .

X = Trpuk (1 Ercter gy Bequene,
Subplot (2.2, 1) ;
Som(x)
Xlobed ( \rimg Perfod ) -
Jlavel CAmptituds )
il O Trpu Sequant ) ;
Y= xeom (ny,
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2, 8 °
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Staff Name :Mr.R. Balakrishnan Academic Year :2021-22 (0ODD)
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MODEL LAB MARKSHEET
R.NO | REG.NO.OFTHE | NAME OF THE STUDENT | MODEL MARKS IN
STUDENT MARK WORDS
(100)
1 1821119106001 ABIMANEU S 92 NINE TWO
2 1821119106002 AGALYA P 91 NINE ONE
3 1821119106004 BLESSON MANUEL ] 93 NINE THREE
4 1821119106005 DHARMADURAI A 90 NINE ZERO
5 (821119106006 DHARSHINI C 93 NINE THREE
6 | 821119106007 DURGA SRI R 93 NINE THREE
7 821119106008 GANGA L, 98 NINE EIGHT
8 1821119106009 GANGAR 99 NINE NINE
9 | 821119106010 GAYATHRI K 97 NINE SEVAN
10 |821119106011 GAYATHRI S 90 NINE ZERO
11 | 821119106012 ISHWARYA K 91 NINE ONE
12 1821119106013 JAYAKUMAR A 92 NINE TWO
13 | 821119106015 JOTHIKA R 100 ONE ZERO ZEROQ
14 | 821119106016 KABILAN R 85 EIGHT FIVE
15 | 821119106017 KABISHENA P 88 EIGHT EIGHT
16 | 821119106019 KARIKALAN G 89 EIGHT NINE
17 | 821119106020 KARTHICK N AB AB
18 | 821119106021 KARTHIKA DEVI M 94 NINE FOUR
19 821119106022 KIRUBADHARSHINI S 88 EIGHT EIGHT
20 | 821119106023 KRISHNADEVI G AB AB
21 1821119106024 LOGESHWARAN P 91 NINE ONE




22 \ 82111910602‘3 \ MADHUMITHA G 93 NINE THREE j
23| 821119106026 | MAHESWARI V Y NINE FOUR
u 821119106027 | MATHIVANAN K 96 NINE SIX
25| 821119106028 | NITHITHAU 98 NINE EIGHT
_ZE_ 821119106029 ‘ NIVETHITHA S 99 NINENINE
27 | 821119106030 | PAVITHRA P 96 NINE SIX
| 28 | 821119106031 PRAKASH A 88 EIGHTEIGHT
29 |g21119106032 PRETHIYA B 89 EIGHT NINE
30 | 821119106033 PRIYANKA K 92 NINE TWO
31 | 821119106034 RAMANA BHARATHI S 93 NINE THREE
32 | 821119106035 RENUKA K 91 NINE ONE
33 | 821119106036 | RUTHRAR 89 EIGHT NINE
34 | 821119106037 SABARINATHAN S 89 EIGHT NINE
35 | 821119106039 SARASWATH! K 89 EIGHT NINE
36 | 821119106040 SATHYA G 85 EIGHT FIVE
37 | 821119106042 SHATHANA B 98 NINE EIGHT
38 | 821119106043 SOUNDHARYA R 99 NINE NINE
39 | 821119106044 SURIYA C 95 NINE FIVE
40 | 21119106045 SUSIKUMAR T 91 NINE ONE
41 | 821119106046 SWETHAA SM 100 ONE ZERO ZERO
Lj} 821119106048 VAISHNAVI G 100 ONE ZERO ZERO |

Staff inCharg

122D

(Mr.R. Balakrishnan)

G Wmu

HOD/ECE




KINGS

COLLEGE DOF ENGINEERING
(NAAC Aceredited Institution)
(Approved by AICTE. New Dalhit Affiliated co
Anna Unnersity, Chennai}

“A> CERT

TUVRheinland®

o o 1508001

Frra™

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

ACADEMIC YEAR :

Course File

Format B

(ODD/EVEN SEMESTER)

CONTENT BEYOND THE SYLLABUS

TITLE

OBJECTIVE

METHODOLOGY

EVALUATION

DATE OF COMPLETION:

S

STAFF INCHARGE SIGN



Sample Rate Conversion by Stages

Sometimes it is computationally more eflicient to

perform sample rate conversion in multiple stages.

x(n)

1 e o

Single Stage Decimator

yim)
(/D

i et 1o | ] {Io e

1,0,
Two-Stage Decirﬁjator fJ(D4D,) =f,/D

Approach

*The signal is decimated by D, in the first
stage and D, in the second stage, giving an
overall decimation factor of D=D,D,.

*The filters H,(z) and H,(z) can be designed
with wider transition bandwidth
specifications since the overall filter response
is narrow.

Advantages/Disadvantages of Sample
Rate Conversion by Stages

* Reduced Computation

* Fewer coefficients reduces finite word-
length problems.

+ Drawback: original decimation and
interpolation ratios cannot always be
easily factored into suitable numbers.

*More (likely acceptable} passband
aliasing

Example Conversion by Stages

Input Signal:
Assume a bandlimited digital audio signal.
Bandwidth =4kHz, Sampling rate, F,=8kHz, D=50

Decimation Lowpass Filter:

Passband: 0 to 75 Hz Peak passband ripple
3,10 2

Transition band: 75 to 80 Hz Peak stopband
ripple 3,=10 *

Example Conversion by Stages (2)

The approximate length of an FIR filter,
according to Kaiser formula, is:

_—20log,; ,/0},(5‘ -13

14.6Af

Where 4f = (f-f,)/F is the normalized
transition BW of the filter; f; and f, are
passband and stopband edge
frequencies respectively.

Example Conversion Single Stage (3)

Substituting the numerical values,

e 20log,, V10 -13

14.6(5/8000)
Lowpass FIR filter has a length of 5150

The number of multiplications per sec is:

M, =5150 * 595-%0— = 824000

5150




Multistage Sample Rate Conversion
Example (4)

The sample rate can be lowered to 160 Hz and
still maintain the information.  Hence the
decimation factor is can be calculated as

£

=—2s_ -5
(2)(80)

Example Conversion by Stages (5)

[ ] | 1y(m)
N l '“s HZJHt(z)} a}] 2|
P

x(n)

8 kHz [ Hiz

Two-Stage Decimator

Let the decimation be achieved in two stages.
Let D,=25 and D,=2.

Multistage Sample Rate Conversion
Example (6)

*H,(2) and H,(z) are cascaded the overall
linear passband specs can be halved
between them.
+ Stopband specs can remain same for
both since the cascade filters can only
increase the overall stopband atienuation.
* In choosing stopband edge, there is a
tradeoff between the filter length and
amount of tolerable aliasing in the
passband

Multiple Stage Conversion Example (7)

Stage 1: Filter Specifications
Passband edge, f,=75 Hz.

Peak passband ripple, d,= 0.005=(10/2)
Stopband edge, £,=240 Hz (=320-80),

Peak stopband ripple, &, = 10~
Sampling Rate, F,=8 kHz

Multistage Sample Rate Conversion Example

(8)

The choice of passband edge
frequency depends on the decimation
factor. In this case, due to the
attenuation by filter, aliasing energy in
the band from 240 Hz to 320 Hz will be
small compared to that in 160 to 240
Hz, i.e, the stopband aliases on top of
the passband.

Multistage Sample Rate Conversion
Example (9)

f,= output sample rate of decimator stage -
desired transition band upper frequency

By Kaiser Formula, the approximate FIR
filter length of the first stage:
- 20log,, 1/(0.005)(107)~ 13
' 14.6(240 - 75)/8000
= Nl =66

N




Multistage Sample Rate
Conversion Example (10)

Stage 2: Filter specifications
Passband edge, f,; 75Hz
Passband ripple, d, = 0.005(=10/2)

Stopband edge, f: 80 Hz
stopband ripple, 8, = 10+

Sampling frequency, <, = 320 Hz

Multistage Sample Rate
Conversion Example (11)
Approximate length of this second stage FIR

- 20log,, {(0.005)(10 )= 13

T 4.6(80-75)/320

=N, =219

Multiplication per sec for these two stage

“Ju‘t = "'fl_u\' + ""'{2 1o
3(0) 320
< 166¢2090  51ga 320
25 2
=88160

Multistage Sample Rate
Conversion Example (12)

Summary:
Implementation | Single-stage | Two-stage
approach
Number of 5150 383
flier
coeflicients
Number of 824000 | s$8160
multiplications
per sec

Computation is reduced by a factor of 8
with the two stage implementation.

Multistage Sample Rate
Conversion Example (13)

Key to computational advantage:

Aliasing is allowed, especially in the bands of
no interest.

Multistage Sample Rate
Conversion Example (14)

Original signal 31|§£a_nl
spectrum: ' _I

4 kHz =F,/2 8kHz=F,

" , — __No significant
Single stage decimation e

bt y  aliasing here
by 50 LN
f,,=t/50 80 Hz =F,/2
160 Hz=F,

Multistage Sample Rate

Conversion Example (15)
Two-stage decimation: After first
stage decimation by 25:

320Hz=F, L X fis=f/25

80Hz 240Hz

Afler second stage decimation by 2. Overall
decimation by 50:

/Contains aliasing
frag=lg/251150 r_ NS

80 Hz 160Hz=F,




Digital Filter Banks
Applications
* Communications
Convert FDM to TDM signals
* Speech and Image Coding for Data
Reduction
More bits to represent the lower band
where most of energy is located

* Computational/Structural Advantages for
Wideband Processing

Implementation of
Digital Filter Banks (DFBs)

« Two basic structures:

- DFB Analyzer: Splits signals
into subbands

- DFB Synthesizer: Combines
the subbands into a wideband signal

Analysis Filter Bank

e

‘ Narrowband
xn) | i output
- JINf= ~
Wideband | F-h._Hj_‘ﬂ_]. 3 ’ signals

input signall i T
T @

BPF’s

Implementation of
Digital Filter Bank Analyzer

« The input signal is decomposed into N
channel signals band pass filters with
center frequencies

b= h=6)2.. W=

N

*Each of these filtered signals is
decimated to reduce the sample rate
for each channel

Implementation of Analysis Filter Bank
-Bandpass filtering can be viewed as down
conversion and lowpass filtering. The
frequency response of the bandpass filter is
2ak
H. (o) = Ho(t:) ol ] k=012 ,N-1
12znk

h,(n) = he(n)e ™ k=012 N-1

or

*H, (z), k=0.1. ..., N-1 is a uniform filter bank,
H,(z)is a LPF.

Implementation of Analysis Filter Bank

(2)

«Channel outputs are assumed to be
critically sampled, i.e., the sample rate of
the wideband signal is N times the
sample rate of each narrow band signal.

*We will consider DFT and IDFT filter
bank structures for the analyzer and the
synthesizer respectively




