
signal
equalvector

time

minus
take

DFT pi

point

sum

omega

sequence

firstzero

s
a
m
p
l
e
s

f
r
e
q
u
e
n
c
y

function

second

value

DTFT

sinusoid

inner product

big
number

compute

size

discrete time

example signal processing

remember

start

instance

basis

sine

periodicity

set

goes

output

case

alpha

us

coefficient

Fourier transformsound

problem

index

three

s
i
m
p
l
y

period

vector space

back

term

plot

k
n
o
w

magnitude

way

space

noise

spectrum

capital

cosine

complex exponential

become

step

change

simple

happen

D
F
T
 
c
o
e
f
f
i
c
i
e
n
t

around

input

frequencies
another

original

matrix

basis vector

small

difference

square

component

l
e
n
g
t
h
 
s
i
g
n
a
l

power

order

result

e
v
e
n end

element

course

s
e
e
n

called

Tₛ

f
i
n
i
t
e
 
l
e
n
g
t
h

sound card

real
looks

different

a
l
g
o
r
i
t
h
m

plane

interval

approximation

peak

integral

measured

d
i
g
i
t
a
l
 
s
i
g
n
a
l

computer

series

put

something

shape

every

four

ear

mean

linear combination
shift

energy

CN

t
i
m
e
 
s
e
q
u
e
n
c
e

finite support

h
a
l
f

formula

write

l
i
n
e

wait

obtain

m
u
l
t
i
p
l
i
c
a
t
i
o
n

multiple

information

show

fundamental

consider

build

year

hertz

d
i
g
i
t
a
l
 
d
o
m
a
i
n

temperature

move

using

integer

previous

g
i
v
e
n

infinity

exactly

factor

delay

computed

n
e
w

r
e
p
r
e
s
e
n
t
a
t
i
o
n

s
y
s
t
e
m

together

defined

constant

thing

always

addition

p
h
a
s
e

p
e
r
i
o
d
i
c
 
s
i
g
n
a
l

class

p
r
o
b
a
b
l
y

average

fact

part

easy

indicate

work

indeed

range

product

window

kilohertz

operation

m
i
n
u
s
 
p
i

degree

notation

p
e
r
i
o
d
i
c

a
s
s
u
m
e

c
o
r
r
e
s
p
o
n
d

star

c
r
e
a
t
e

call

transform

radians

subspace

music

later

block

multiply

delta

turn

interface

loop

periodic sequence

d
i
g
i
t
a
l

definition

answer

d
a
y

infinite

complex

eight

hand

importantly

Search MOOC Video

1

https://cede-webapps.epfl.ch/video-sequence-search/?csv=en_DSPed1-1
https://mediaspace.epfl.ch/media/0_e5vlgitn
https://mediaspace.epfl.ch/media/0_e5vlgitn


One of the greatest things about digital signal processing is that if you
have a computer, and you probably do have one since you're watching
these video lectures, if you have a computer, you have a fully functional
signal processing lab at your fingertips. More importantly, a computer
also has interfaces that will allow you to visualise the signals that you
create by writing a few lines of code. You can visualise them as plots on
the screen. More importantly— and that's really what got me into signal
processing— you can materialise the signals as audio signals that you
can hear with your ears. Now, we need an interface because our ears are
analog devices, whereas the PC is a digital device. We will see later in
this class the precise details of this transformation from digital to
analog. Here, let's just go through a handwaving overview to give you
the fundamentals of digital-to-analog conversion, so that in future
modules, we will be able to use audio examples that you can listen to.
Let's start with a simple digital sinusoid. You pick your favorite
trigonometric function, say, a sine, a digital frequency, Omega₀,
measured in radians, and an initial phase, if you want, again, measured
in radians.
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Your discrete time sequence is then computed very easily with a loop.
At each step, you increment the index n and you compute the sine of
Omega₀ n plus Theta. You will get a series of samples that looks like
this. How would a sinusoid like this sound? Well, before we can answer
this, we have to bridge the gap between the digital representation and
the analog representation that we present to our ears.
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Now remember, in discrete time, n has no physical dimension. The
periodicity of a waveform is determined by how many samples you
have to wait before the pattern repeats. In the physical world, on the
other hand, the periodicity is measured in how many seconds you have
to wait before the pattern repeats, and the frequency is measured in
hertz, which is a physical unit of 1 over seconds.
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The PC bridges this gap via a sound card, a device that takes a series of
samples and builds an electric signal that we can feed to the
loudspeaker. At the heart of the soundcard is a system clock with a
period Tₛ measured in seconds. This Tₛ is the time that we wait before
we take a new sample from the discrete time sequence and feed it in the
sound card.
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If Tₛ is the time in seconds between samples, a periodicity of M samples
in the digital domain will become a periodicity of MTₛ seconds in the
physical domain so that the real world frequency of a periodic pattern
like a sinusoid in the digital domain will become 1 over MTₛ hertz in the
physical domain. Let's give an example.
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Usually, we choose Fₛ, the number of samples per second that we use in
the sound card rather than Tₛ. But the relationship is very simple. Tₛ is
equal to 1 over Fₛ, and of course Fₛ is equal to 1 over Tₛ. A typical value
for Fₛ is 48 kilohertz. This is probably familiar to you because it's the
sampling frequency, say, of a DVD. That Tₛ is about 20 microseconds.
Now, assume we built a sinusoid in the digital domain with a periodicity
of 110 samples. If we fed the sinusoid to a sound card at 48 kilohertz,
we would get a sinusoid with a perceivable pitch of 440 hertz, which is
the standard concert pitch in western music.
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