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p

eech
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itio
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n
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g
y (1)

W
o

rd
 M

atch
in

g
(D

ynam
ic T

im
e W

arping)

P
ro

b
lem

:
F

or the sam
e w

ord, tim
ing is different in 

different speech situations.

W
e can use dynam

ic program
m

ing to m
ap tw

o versions 
of a w

ord onto each other. D
ots in the diagram

 identify 
identical patterns.

tim
e
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frequency

re ference patte rn
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H
id

d
en

 M
arko

v M
o

d
els (H

M
M

s)

T
he process of speech generation is m

odeled by a 
stochastic finite autom

aton. T
he autom

aton com
putes 

the probability of having itself generated a given speech 
signal. In a learn

in
g

 p
h

ase, a separate autom
aton is 

trained for each w
ord of the language. In the 

reco
g

n
itio

n
 p

h
ase

the autom
ata then com

pute their 
probabilities.

R
eferen

ce
J.R

. D
eller, J.G

. P
roakis, J.G

.H
. H

ansen: D
iscrete-T

im
e 

P
rocessing of S

peech S
ignals, P

rentice H
all 1987
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S
p

eaker R
eco

g
n

itio
n

S
p

eaker reco
g

n
itio

n
is m

uch easier than speech 
recognition. W

e try to m
atch the param

eters of a given 
speech sam

ple w
ith param

eters contained in a 
database.

A
p

p
licatio

n
exam

p
les

•
Identification of crim

inals
•

A
ccess control for buildings

M
eth

o
d

•
P

attern recognition

speech
sam

ple

norm
ali-

zation
param

etri-
zation

feature
extraction

tim
e

norm
ali-

zation

speaker
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d
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u
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p

eech
 P

aram
eters

H
ow

 speech sounds depends on different dim
ensions 

of the vocal tract and the vocal cords as w
ell as on 

speech behavior learned over m
any years. T

he latter 
can be faked easily so that the form

er is better suited 
for speaker recognition.

M
eth

o
d

•
C

om
putation of long-term

 averages and standard 
deviations of speech features

•
C

om
putation of histogram

s for the features
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8.4.2
S

ilen
ce D

etectio
n

G
o

al
D

etection of (relative) silence in the audio track.
In natural sound situations there are m

om
ents w

hich 
the hum

an listener identifies as silence. T
hey a 

characterized by the lack of a dom
inant foreground 

sound (such as speech). A
 low

-level background sound 
m

ight be present.

S
ilen

ce d
etectio

n
 tech

n
iq

u
es

1. M
easu

rem
en

t o
f lo

u
d

n
ess

P
hases w

ith sm
all loudness values are m

arked as 
silence.

background noise
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S
ilen

ce D
etectio

n
 (2)

2. M
easu

rem
en

t o
f sig

n
al en

erg
y

O
ften used in com

bination w
ith zero crossings to detect 

w
ord boundaries in speech.
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8.4.3 T
em

p
o

ral S
tru

ctu
re

T
im

e an
d

 rh
yth

m
 in

 m
u

sic

T
im

e
= regular pattern of em

phasized and non-
em

phasized sounds, e.g.: ¾
 tim

e for a w
altz.

R
h

yth
m

=
 characteristic sequence of beats that can 

span several bars
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e an
d

 R
h

yth
m
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etectio

n

In
 th

e tim
e d

o
m

ain
:

statistics on am
plitudes

•
D

etect peak am
plitudes (absolute or relative) and 

use a threshold

•
E

m
pirical result: does not w

ork because peaks 
cannot be identified reliably in m

usic

In
 th

e freq
u

en
cy d

o
m

ain
:

try to identify the drum
s
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 Tool
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R
h

yth
m

 D
etectio

n
: R

esu
lts

In an em
pirical evaluation done at U

. M
annheim

 w
e 

w
ere able to detect the rhythm

 in 15 out of 20 pieces of 
m

usic.
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Id
en

tificatio
n

 o
f In

stru
m

en
ts

Im
p

o
rtan

t p
aram

eters

•
S

pectral distribution of energy

-
F

requency spectrum
 of the instrum

ent

-
S

pecific harm
onics

•
T

em
poral structure of the frequency com

ponents

-
at the beginning (onset)

-
in the stable phase

-
at the end of a tone.

•
T

ransitions betw
een tones

F
or exam

ple, the frequency spectrum
 of brass 

instrum
ents rem

ains fairly stable in the m
iddle phase of 

a tone w
hereas it varies considerably for string 

instrum
ents (vibrato). F

or a trum
pet, the onset is short 

w
hereas for a clarinet or saxophone, the onset is 

longer.
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d
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p
le

A
 gun shot vs. a scream
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8.4.4 A
p

p
licatio

n
 E

xam
p

les

•
D

istinction of silence, speech, m
usic and noise on the 

audio track of a video

•
T

ranscription of speech to A
S

C
II for subsequent 

autom
atic indexing of new

scast (done in the 
Inform

edia project of C
arnegie M

ellon U
niversity)

•
F

ull understanding of audio sem
antics in specific 

cases: tennis, baseball, shots, explosions, anim
al 

sounds (the barking of a dog)

•
D

etection of im
portant scenes in sports events based 

on the audio level of the spectators

•
“query by exam

ple“ in large m
usic databases

•
D

etection of copyright violations for m
usic on the 

Internet (finding stolen audio clips)
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S
earch
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 M

u
sic D

atab
ases (1)

M
usic clips can be stored as w

aveform
s or in M

ID
I 

form
at.

F
or w

avefo
rm

s
w

e can use param
eter signatures

to 
com

pare clips.

d
atab

ase o
f m

u
sic d
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m
u
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u
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F
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sig
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S
earch

 in
 M

u
sic D

atab
ases (2)

F
or m

usic clips stored in M
ID

I fo
rm

at
w

e can use 
m

elody m
atching techniques. T

hey allow
 the 

abstraction from
 details in their definition of sim

ilarity.

M
eth

o
d

•
D

escribe a m
elody as a sequence of U

P
, D

O
W

N
 or 

S
A

M
E

 tones. Ignore the duration of the tones.
•

U
se string m

atching techniques to com
pare the 

sequences.

•
E

xam
ple: *S

U
U

S
D

D
D

D
S

U
U

S
D

S

R
eferen

ce
A

.U
itdenborgerd, J.Z

obel: M
elody M

atching 
T

echniques for Large M
usic D

atabases, P
roc. A

C
M
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edia 1999, O
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