




la List and disuss di ffesent disczete 
time siqnals. 

) Even and odd signals. 

A signal 

Fog eX. 

A signal 

For 

(VTU, Jan 20o25, 7 Marks) 

x (n)= a -n) for all n. 

said to be 

cos (o) 

is said to be odd sioal if 

2 (n) = -x (-o) for all 

whee E= 

For eram ple, 

even 

t) Enegy stgnals and power signals 

enezgy (E) 

A signal is said to be enesgy siqnal 
finite. ie. is 

n 

2 

@n=0 

for no 



A signa 
ts pOwer (P) s 

P= 

For 

N’o 

said to be Power siqnal 

2NI 

wbese 

N 

Such N 

uwith pesiod N i4 

the siqn al 

D= -N 

finite, ie, 

aobese 

za) Per io dic and aperiodic siqnals 

2 

for 

n) s said to be pesiodic 

ON e 0. and N &s an enteqer 

lo+N) for all n, 

does oot est, the 

said to be aperiodic. 

sin(n) 
Ex ample of pei odic stgnal 



Example of apesiodic siqna 

n) Sin (n) 

Expl ain the steps of conves ting analog 

to digital stanal in tesms of frequenie 

(VTU, Tan 2025, 7 Marks) 

Sampling. quantizing and enco ding 

the steps iovolved in analog to diqital 

Conves sion. 

Sompling &s the process of coregting 

Contin uo us time siqnal into discnete 

time slgnal. 
Let t) be a continuous tie siqnal. 

Let f be the sampling frequercy and 
Te be be the sampin ioterva. 

T= 

After samp lin g lt), we 

For eran ple, 

are 

a(nTs) 

(t)= sto (2Tft), 

get 



aftes sampling. 
2 (n)= sio (2T4nTs) 

-es 

After oveoting 

= sin (2m fn ) 

= Sio(2T 

Note thal the ort� inal 
had a freguen of 

fsequeny of 

had a 

Hence, 

we ge 

Ln othes wos ds, 

) 

21 

the vesultiog st�nal becom 

frequeny of 

Tbe coves ted signal 2e) 

21f 2Tf 

sigrat 

() loto 2o, tbe 

the ooi qio al stqnal a) 

Tad)s 

H2. 

sad 

act) 

has a frequen 



to 

mapping fsom analog frequeny 
digital frequeng 

the 

The se cond step to the 

- tng 

analog stgoal to 

discoete 

Encoding s 
the quan tized 

Quantizig 
Con tinuous range of am plitudes 	oto 

and Is. 

&s the process of conves ting 

digital signal s qusntiz 

The tbisd step &s 

Covergion of 

Advantages : 

set of ampitudes. 

the 

& enco ding 
process f epoesening 

amplitude inteoms 

of digital signal pooce ssing 
Discuss the advantLges and limitations 

(VTU, Tan 2025, G Marks) 

I. Dlgital sigoal pro ces ing & 

than an alog signal 

cf Os 

ve flexible 

Pooce ssing i the 



sense that digital systms 
7e configured just by changing the 
Poogram. 

Re confiquring an alog System requires 

basdwase. 
changing 
2- Difital systems 

-ations. 
than analog systems ln doirg comput 

3. Digital stgnals 
devices 

basd dask. 

glenibility 
Limi taions: 

4 Diqitad signa psocejng 

ae 

Such a 

Proocessing 
Degwines 

music, video ave 

analag to 

than an alog siqnal po cessing due to 

offkos 

can be 

easy 

. Most pratical si�nals such 

then in 

(rtoa 

digi tal 

accuo ate 

memosy card 

to store in 

can be cheaper 

to analog convesteo 

an aleg s'gnas. 
as speech 

diqi tal domain 

hardwase such as 

covestes and diqite 



2a 

2 Analog signals 

Tequire 
the 

with 

Convession 

sianal, cohich may be di cult to 

implenet. 

is perio dic 

vevy high samping ates in 

any siqnal es pesiodic or 

By de finiion. 

whese N 

Consi des 

with high banduidh 

VTU, Jan 20 25, G Mar ks) 

freqery 

anlog 

enample, expl ain how to verity 

N, then 

to digial 

a disCTete tine sian al an) 

not. 

'N witth period N if and ony 

A)= Stn (2Tf^). sin 

intcqes and 

Sis (27f (n+N) 

all n 

sinw soidal si�n al 

I 2Co) has to be peiodic w th period 

uith 

= sio (2nfn) 



2b 

’ sin (2Tfn+ 21fN) sio efn) 

This s possible pasible ony i 

’f= m 

A dlscoete time 

pes todic ony i 
rational 

21N= 2T m 

Copsides 

oespon se 

output 

2C0) = 

Derive the equation for output af LTI 

System and ltst the steps of convoution 

(VTU, Tan 2025, 8 Mas ks) 

an 

4 

where 

nnbeo. 

m is as intgeT 

(vational) 

hCo). 

sinusoidal is 

tts foegueny is 

Let n) be the input and ycn be the 

LTI System cith impulse 

+ 2C2)s(0+2) + 2G)S (n+) + 

(0) & Cn) + a() SCn-)+ (2) S(n-2) 

lo) h ()+ 0)bn-)422)h (ne) 



sysem 

k=-00 

This s the equation for ouput f 

Convo ution 

The su 

Given 

Steps ivolved in 

Sum. 

Cn) and 

obtain 

...() 

b(n) 

Step): Plot bCK) and veflet e+ to 

Sm. 

lineas covoutioni 

hCk). 

depending 
Step 2 : Shit b Gk) to h GK) to oighe 

LTI 

left 

on the vale of n 

Step 3: Multip with (K) and find the 

Sn on the RHS of &.C1) s caled 



3a Descoibe the propesties of 
(VTU, Tan 2025, 1 Mas ks) 

|I Lineaity poo pes y 
, Cn) x, (2) and 

2, x, (2), then 

cwhese a,b ade 

ax, C^) +bx, cn) 2,ax, G)+b x(2) 

Resulting ROC = 

then 

2. Téme sift preper 
2 

n-K) 

2 

Lio) X (2), then 

2 

con stants 

RoCI 0 ROC 2 

2 

( Multiplication 

-k 
x (2) 

3 Multipi cation by eponential 

a a xn) 2,x () 

2-toan sfom. 

4: DPerentiatton in 

with 

by ranP 

2, X (2), then 

Same 

2- domain 

Roc 

Sith new ROc 



and 

nz0) -2 dx (=) 

then 

wth 

5. ovoution to time dom ain 

SOume ROC. 

RoC = 

bCo < H C2) ith 

7. Tne 

G. Time Revessal 

ROCI ROC2 

Co) x2) 

Gn) 2x() 

2 

scaling 

8. Ioi tal value 

X2) 

2 00 

de 

2Co) x (2) 

X 2) HC2) 

fos n 

RoCI 

with 

theoem. 

ROC2 

th RoCithen 

Causal 

with Roc = 

a() x() with ROC = Roci) 

with 

ROCI 

ROCI, then 

then 

sequen ce, e, 



3b 

q. Fio al value theoser 

Show that 

DET 

(VTU, Tan 2025, 

Put 

cwhese W= 

xco)= 

Put k=] 

N 

’X(2) 

DET �s 

N-) 

t (2-) x (z) 

5, 7 Mas ks) 

k= 0 in &q. 0). 

N-) 

N 

) WN 

O). 

x ()= w 

then 

a linear toansfoamation 

kn 

+ L(N-) w 

) 

..(2) 



Put k=2 in &q 0). 

N 

Put ke N 

We an 

= %O) Wt a()Wy t (e) wt 

n=à 

as 

a matoi 

N-) 

+ 

XCN-i) 

put &q9 

follows. 

2n 

(N-)n 

+x (N-) w 

4 

.t (N-) WN 

WN 
2(N-) 

+ 

+ X(2) W 

CN-) 
+ a(N-W 

(N-i) 

2(N-i) 

(2), (3), G),(5) 
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..(3) 

4) 

...(5) 

fosm and evallate DET 

-x)w 



3c 

x) = 
Wi W 

W w 

This psoves that 

trarsfomation 

9 

L 1j 

W 

N- 2 (w) 

9 

W 
(N-i) 
w 
2(N-) 

WN 

NXN 

DET is a 

z(1) 

NI 

Compute the 4-Point DET Of aln)(, 1, 0,o) 

VTU, Tan 2025, G Mas ks) 

linear 



4a Compute the 
(VTU,Jan 2025, 

jwmn 

As peT VTU 

bave to 

Then, z) 

x (K) = 

This 

wbese 

We know 

N 

5 

ass use 

N-) 

N-point DET of n) =e 

d= 

thal 

21 
N 

scheme f evalualon, we 

Masks) 

N-) 2(k-m)n 

the 

e 

(. 

J (k-m) 

N 

e 

kn 

Hosm of 

for 

jwmn 

NA 



x (K)= 

= 

when 

N 

when 

M� 

| 

k= m. 

J-e 

k+. Theen 

J (k-m) N 

jCk-m) 

-j2n (1c-m) 

Then 

e 

-J (k-m) 



4b 

Hene, X () = 

State and prove 

Then 

VTU, Jun 2025, G Masks) 

oET for aeal valued sequerce. 

= 

& 

cas (kn) 

N 

N- poit DET, xC*) S Cn) e 

N 

sio (kn) 

NSCk-m) 

(k=m 

Symmety propesties of 

s 

otheswise 

N 

N 

n=0 

= S [n tja, n] [cos (#Kn) 
j sin (un) 

x () = S n)cos(n)- sin ) 

x,(x) = S) cos (#n) 

real, g (n) =0. 

ciTcuaby even 

odd. 



Hence, DET 

even 

Hence, DET 

cis culay 

the 

2 

NH 

2 

wil) be 

odd 

sequences 

2 

cir ulary 

2 

cirway 

4c Compute the isular convo lution o} 

N-I 

will be Emagin ag 

2 

2 

2,3, 4). (vTU, Jan 2025, 8 Marks) 

veal and isulasy 

2 

even, then 

2 

%, co) = (2,1, 2,) and 

odd, then 

2 

3 

and 

4 

|4 

14 

n)= 



5a State and poOve 

Pyopes ty of DET. 
Jan 2025, GMas ks) 

Staternent : 

I 

Psoof: 

cisular time shift 

DPT 

DPT 

Put 

N- point oET n), X () = 

N-point DT (n-),) x CH)= 

-l+N 

X (k) 

m 

Jks N 

N 

x () 

N 

then 

x (K) 

JK (m+1) 
(m)e 

lnkn 



5b Compae 

Suppose 

CVTU, Tan 2025, G Mas lks) 
N= l28 

No. of complex 

multipicahions. 

DET and 

No. of complex 
additio ns 

No. of eal 

additions. 

No. of vea 

FFT wi th e xamples 

nultipliations. 

DET 

(I G394) 
N 

N (N-) 

CIG256) 

2 
4N-2N 

(G5280) 

2 
4N 

(G5536) 

FFT 

log 

f+s) 

N loq,N 
(896) 

2Nlo3,N+ NlogN 

(2688) 

2Nlog 
(i792) 



5c Gompute 

(VTU, Jan 2025, 8 Mas ks) 

36 

IG 

=, 2, 3, 4, S, 6, 7, s) 

Co)= I 

j9.65G 
-4+ 

-4+4j 

IT - FFT Of n)= 0+1, osns7 

-4 

2)= 5 

2 3 

-4 

W¢ 

z2)=3 

-4+j 
4 S G7 

-4-4j 

-4 W 4 

6) 

al6)-7 

W 

-4 

20 

x)=2 

S-a-j.65 

Wa' 

-4+4| 

-4 

2s)-G 

-4-j4 

-4 

12 W4 12 

al3)= 4 

W 

j9.656 

-4 

-4-4j 

W 

-4 



6a State and Prove 

DETS . 

E= 
N 

Pooofi 

E= 
N-I 

N 

z 

N 

(VTU, Tan 2o25, a Mar les) 

Nl 

N k=0 

N-I 

N-I 

K=0 

N 

N 

N 

Parseral's theorern for 

n) 2 X (k) 
k=0 

IS x (1) x (K) 

N 

2 

xC) kn 

X (k) n)e 

2 

n 



6b kplato Oves lap- save m ethod foo the cony. 
oution af long sequ en ce 
CVTU, Tan 2025, o Ma ks) 

N- lenqth of cis ulas convotion 

lh- length of hn) 

L- length of n) 

Step : divi de in) toto 

L,°, 

Smalles blocles 

O, (o), Ci), -. 

,(n) =|), al ), 

ehi pevious sampus 

|Step 2: pofosm N-point cisular 

9,co)e , C) h (n) 

conv. 

step 3: doop fisst (uh-) samples from 

and wite enainng samples 



Ta obtaio the 

fos smmetoic lineo phase FIR fteo 

CVTU, Jan 2 025, 8 Mazks) 

Type I fiter- h n) s symmetoic & 

H (2) = 

Hw) 

- () 
2 

frequeny response enpocssicn 

-(), 
H2)= 2 

H(w) = e 

N2 

jw() 

N &s 

+2 

Type I fs - be^) symmetic 

N is 

2 

odd. 

N-3 
2 

ne0 

h)2 

even 

(N-)-20 

N-)-20 

hin) cos 

+ 2 

+2 



Compae different Tb Gomp are 
FLR 

wiodow 

CVTU, Tan 2025, G Mar ks) 

Rectanguwlar 

Bartlett 

Hanning 

tess. 

Mamming 
Blackman 

1c Design n 

response is 

N= 

H,cw)= 

Transiton 
width (Aw) 

4 

N 

N 

31T od 

N 

G.6T 

N-]3 

wiodows used to des ian 

gven ky 
j3w 

FLR f teo using Hamming 

usndow fos N=1. The desired frequeny 

VTO, Jan 2025. o Marki) G 

4 

Stopband atenuatton (d6) 

2) 

4 

26 

44 

53 

14 



o 

3 

6 

Hammig 

o.075 

-0. 1S92 

o.225I 

o. 7S 

o.225| 

-0.1S92 

sin(w (n-o)) 
TT (0-) 

w co)= 0.54-0. 46 Cos 

O.015 

sin( n-3)) 
1 C0-3) 

3 
4 

wiodoo 

O,08 

O.3) 

o.77 

o.3| 

) 
O#3 

equation 

-0.0443 

o.l133 

O.1S 

O,I733 

- O,0443 

O,00 G 



Sa Discuss the 

requeny selutive filteos (VTU, Tan 2025, 
Mas ks) 

H Cw) 

charactesisics of Practical 

Passbaod 

"s- stopband 

-eng 

also 

toansition 

J. Tbee QTe 

band 

any 2 
vesponse f edeal flteas 

pass band and stopband. 

bands to the fsequ 

�o passband 

is But, pra ctically there ts tranitin band 

G 

2 Tdeally, trequeny vesponse s constant 

Pra ctica lly, theoe are ippus ippls n passband 



Eplaio the sias of designing inear 

CVTU, Jan 2025, Mar ks) 

Given 

HË (w). 
the 

Step|: Obtain lmplse 

b co)= 

desived fsequeny vespone 

2T 

to 

Desponse 

Step 2: Sitt hn) by 

h Co- ) whese 

to 

Step 3: Multi py by wtndow fun chon 

qet final mpulse espnse 

hi= ho-)w (^) 

= 

phase, FIR highpass filtes. 



8c Realize the system fn ction in cascade 

fosm VTU,Tarn 2025, G Mar k) 

H C2)= 

Cascade 

-3 -2+++* 

= (I- 2-) (1- 2'+42) 

veali2ation 



4a Expl ain the design poo cedue of an alog 
Bu Heowos th lowpass 

CVTU, Jan ,025, 8 Mar ks) 

Step I: Find the 

Step 3 : 

N= 

Slep 2: Take 

as 

Step 4i 

2 log 1o 

Find 

the order of the feo 

Se-2c sin( 

HCS)= 

t is a 

O.) Aso / 

ut-off frequen y 

lecaton f oles. 

k= o,!, 2, . 

N 

Pooto type 

(2k+)T 

<= 0 

2N 

proto pe 

)+je 

N 

4: Fiond the toansfer fntion H Cs) 

fLter 

N 

(2 k+)TT 
2N 



qb Gonstruct the system functon io S-domain 

for 
VTU, Tan 2025, G Mas es) 

N= 4 

Po)es : 

S= -Dsin(em +j2 cos(em 

lk= O, , 2,3 

S 

S, = -sin () +j ca() 

S,= - sin 

=-0.3 827 + (o.9238 

*M 

=-0. 423 8 + O. 3827 

S 

2N 

So 

()j ca () 

HCS) = 

-o.423 8-jo.3827 

Sy stem function 

-o.3 821 -j O.q 23 8 

N 

2N 

(s- s.) CS- S, ) (s-S,) (S-S) 



Consides 

(S-So) (S-S) = (S+ 0.3821 +j 0. 4238) 

ajb) (a-jb) = d+b? 

(S+0.3827 - 0.4238) 

|.. H S)= 

(S-So) S-S)= (S+0.3321) + oq23 8* 
2 

= Sto.7654s+ O. )465+O. 8534 

= S+o.7654s + | 

(S-Si) S- S) = (S+o.9238 -JO. 382) 

2 

2 

Sto.q238) + O. 382 

(S+o.423 8+j0.3821) 

2 

2 

S ). 347Gs+ | 

2 

S+.8476S + o.923g+o.3821 

(s+o,1G 545 +1) (s+i·847Gst) 



Reali ze dive t fomn I for the IiR fkr 

CVTU, Ton 2016, May ks) 



lOa Desiqn the digita JIR fiCtes for the follo 

wing details 

LS dB at o75 T rad. 
stopbarnd attenuation ot s dB at 

Ass ume T= ls. 

Apg 
Hse= IS dB 

WPg 

T,= 

Stp : 

Stp 2: 

3 dB 

Step 3: 

o, 75 T 

-3 dB qain at o.5 rad, 

O.5T ad 

Sec: 

new 

(VTU, Jan 2025, 8 Ma ks) 

sad 

ton () 

= 2 tan () 

2 

tan 

2 tan 

ad|s 

4.g284 

Os des of the fuer 

2 

adls 



+j I·142 
$, - 2[-sin ) +j cas ( 

net nearest 

S= - sin (e +j cas( 

Pole lo cathon 

-) 

integes) 

PB 

- l 4i42 

o.1 Aps 

( ( Take the net 

O.) Ass 

Step 4: ut off fsequeny 

o.] Ape 

2 

(ro 

2 

Step 5 

2 logn 

Ne 



S= So 

Step G: 

=-).4142 -j l: 4142 

Aalag fter fues tansfer function 

H ($)= 

H (2)= 

put 

(s-so) (S-S) 

(Stl. 4142 -j l·4142) (S+h4442+j ).4142) 

2 

2 

(S+ l.4142)+. 4142 

4 

Step 7: Conves sion of HCs) énto 

4 

4 

S+ 2- 82248+ 4 

\2+) 

2 

2 

2-] 
2+} 

2-1 
2+), ) 

(2)+ 2. g984( )+4 

HC2) 



4 (241) 

4(2-1)+ 2.8284(2-) (2+) +4 (2+1) 

2 

4 (2+1) 

42-82+4 + 2- 82 842-2. 8284 t 

4 (2+1) 
Io.82842 5.17|G 

this 

c) Poewar ping 

2 

lob Expl ain the siqni ficance of 

VTU, Tas 2025, G Mar les) 

Bi ineas 

¿) Biln eas tran sfosmaion 

i) Bilinear toansfomatiorn 

To design 

2 

a 

2 42 +82 +4 

an 

purpose. 

diqital IIR fler, 

fiost design 
and convert he transter fun ction 

an dog fer (H ) erto tansfe 
(H ) 

fun ction of digital filtes 

analog 

we 

toan sfomatton s us ed fo 



Bi unea toan sformation ensures that 

diq ital filter 
stable analsg fter into 

tE) Prewaz ping 
In the destgn of digital 

we need to ffrst 

Spei fications ento 

- cafions 

filte 
Prewa ping 

fost Coves t 

and design 

T 

s 

&s conv es ted 

Design 
Speu ficati ons 

H(2) using 

tan 

( 

analog speif 
analog 

stable 

an 

() 

dlgital 

us ed Aos ths pupose 

the analog f Ues for these 

HCs) ioto and Conveot 

biineay transfos mation 



10c Obtain the direct form I sealieation of he 

fo lowing 
H(2)= 

1+0.42! 

|-0.52'+o. o622 

O.4 

(VTU, Jan 202s, G Marks) 

O.5 

I 

-0.0G 


