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8.3 B
asic P

aram
eters fo

r A
u

d
io

 
A

n
alysis

P
h

ysical au
d

io
 sig

n
al: sim

p
le

•
one-dim

ensional
•

am
plitude = loudness

•
frequency =

 pitch

P
sych

o
-aco

u
stic featu

res: co
m

p
lex

•
A

 real-life tone arises from
 a com

plex 
superposition of various frequencies.

•
F

or hum
an audible perception, the em

erging and 
fading aw

ay of a tone are very im
portant (e.g., they 

distinguish the tone of a piano from
 the tone of a 

guitar).

A
 G

raduate C
ourse on 

M
ultim

edia T
echnology

8. A
utom

atic C
ontent A

nalysis
8.3-2

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

P
ercep

tio
n

 o
f L

o
u

d
n

ess

T
he physical m

easure is called aco
u

stic p
ressu

re, the 
unit is decibel [dB

].

T
he hum

an audible perception is called lo
u

d
n

ess, the 
unit is phon.

W
e can em

pirically derive a set of curves that depicts 
the perceived loudness as a function of acoustic 
pressure and frequency. T

hey are called iso
p

h
o

n
es.
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E
xp

erim
en

tal R
esu

lts

red curve:
acoustic pressure

black curve:
loudness as perceived by test subjects

blue curve:
com

putationally predicted perceived 
loudness
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F
u

n
d

am
en

tal F
req

u
en

cies in
 

H
arm

o
n

ic S
o

u
n

d
s

T
he fundam

ental frequency of the com
posite tone f0

corresponds to the m
inim

um
 com

m
on m

ultiple of the 

tw
o com

posing frequencies f1
and f2 .
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F
req

u
en

cy T
ran

sfo
rm

atio
n

s

J.B
.J. F

o
u

rier
(1768-1830): E

ach periodic oscillation 
can be w

ritten as the sum
 of harm

onic frequencies:

f: basic frequency
A

n ,B
n : am

plitudes
sin(2 πnft) = m

ultiples of the basic frequency

])
2

cos(
)

2
sin(

[
2

)
(

1

0
∑ ∞=

+
+

=
n

n
n

nft
B

nft
A

B
t

s
π

π
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F
req

u
en

cy T
ran

sfo
rm

atio
n

 o
f an

 A
u

d
io

 
S

ig
n

al

H
ere: discrete F

ourier transform
 (D

F
T

) w
ith N

 sam
pling 

points

1
,...,

1,
0

,
)

(
)

(
2

10

−
=

=
−

−=
∑

N
f

e
n

s
f

S
n

N
if

Nn

π

S
teps 3 and 4 can be sped up considerably by m

eans 
of the fast F

ourier transform
 (F

F
T

).

 
s(t) 

continuous original signal 

step 1 
 

sam
pling at rate 

T
f

s

1
=

 

 
s[t] 

discrete original signal 

step 2 
 

tem
poral restriction to a w

indow
 w

(t) 

 
s[t] 

discrete original signal containing N
 

sam
pling values [0, N

T
] 

step 3 
 

N
-point D

F
T

 

 
S

(f) 
continuous F

ourier transform
 

step 4 
 

sam
pling at rate N

 per T
 

 
S

[f] 
discrete F

ourier transform
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S
tep

 1: S
am

p
lin

g
 in

 th
e T

im
e D

o
m

ain

T
im

e d
o

m
ain

F
req

u
en

cy d
o

m
ain
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S
tep

 2: T
im

e R
estrictio

n
 to

 [0, N
T

]

T
im

e d
o

m
ain

F
req

u
en

cy d
o

m
ain
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S
tep

 3: S
am

p
lin

g
 in

 th
e F

req
u

en
cy 

D
o

m
ain

G
o

al:
D

iscretization of the data also in the frequency 
dom

ain (for representation in the com
puter)

R
eferen

ce:
E

.O
ran B

righam
: F

ast F
ourier T

ransform
 and Its 

A
pplications, P

rentice H
all, 1997

T
im

e d
o

m
ain

F
req

u
en
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o

m
ain
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S
ig

n
al A

n
alysis w

ith
 th

e D
F

T

A
ssu

m
p

tio
n

A
 natural audio signal of sam

pling length M
 is given, 

e.g., M
 =

 5
m

in
of m

usic.
G

o
al

E
xtraction of features, e.g., m

usical tones (pitch, 
loudness, onset, etc.)
M

eth
o

d
D

efinition of a w
indow

 of size N
w

hich is m
oved over 

the audio signal. It represents a w
indow

 of analysis. 
T

he D
F

T
 is com

puted on this w
indow

. O
nly w

ith a 
w

in
d

o
w

ed
D

F
T

, w
e can analyze the behavior of the 

signal over tim
e.

E
xam

ple: W
e can assum

e that m
usical tones are 

stationary for at least 10 m
s. W

e thus choose N
=

 10 
m

s.

W
hen m

oving the w
indow

, w
e allow

 redundancy in 
order to also analyze the transitions betw

een tones. 
H

ere, w
e chose an overlap of 2 m

s. T
his results in

fram
es.

750
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S
ig

n
al A

n
alysis –

P
ro

p
erties (1)

It is now
 possible to com

pute sem
antic features for the 

sam
ple fram

es.

1. E
n

erg
y

m
=

 ending tim
e of the fram

e

E
s

is a m
easure for the aco

u
stic en

erg
y

of the signal 
in the fram

e. It corresponds to the square of the area 
under the curve in the tim

e dom
ain.

T
he energy m

ight as w
ell be com

puted for the 
frequency-transform

ed signal. It then denotes a 
m

easure for its sp
ectral en

erg
y sp

read
.

)
(

)
(

1 2
n

s
m

E
m

N
m

n
s

∑
+

−
=

=
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S
ig

n
al A

n
alysis –

P
ro

p
erties (2)

2. Z
ero

-cro
ssin

g
s

•
C

ounts the num
ber of zero-crossings (i.e., sign 

changes) of the signal.

•
H

igh frequencies lead to a high Z
s , w

hile low
 

frequencies lead to a low
 Z

s

•
T

his is closely related to the basic frequencies.

M
any other param

eters are also used in audio signal 
analysis.
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