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S
p

o
ken

 D
o

cu
m

en
t R

etrieval (S
D

R
)

 

•
20%

 W
E

R
 is h

o
rrib

le fo
r tran

scrip
tio

n

 

-
is it good for anything else?

 

•
In

fo
rm

atio
n

 R
etrieval (IR

)

 

-
T

R
E

C
/M

U
C

 ‘spoken docum
ents’

-
tolerant of w

ord error rate, e.g.:
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N
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H
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•
P

ro
m

isin
g

 ap
p

licatio
n

 area

 

-
docum

ent retrieval already hit-and-m
iss

-
plenty of untranscribed m

aterial
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T
h

e T
H

IS
L

 S
D

R
 system

 

•
O

rig
in

al task: B
B

C
 n

ew
sro

o
m

 su
p

p
o

rt

•
H

o
w

 to
 bu

ild
 th

e d
atab

ase:

 

-
autom

atically record new
s program

s ‘off air’
-

several hours per day 

 

→

 

 >
 3,000 hrs

-
run recognition the w

hole tim
e

-
problem

s storing audio!

C
o
n
tro

l

Te
xt

A
u
d
io

V
id

e
o

R
e
ce

ive
r

A
S

R

N
L
P

S
e
g
m

e
n
ta

tio
n

A
S

R
IR

D
a

ta
b

a
se

A
rch

ive
Q

u
e

ry

h
ttp
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B
u

ild
in

g
 a n

ew
 reco

g
n

izer

 

•
N

o
 m

o
d

els availab
le fo

r B
B

C
 E

n
g

lish

 

-
need to develop a new

 recognizer based on U
S

 
E

nglish B
roadcast N

ew
s, read B

ritish E
nglish...

 

•
Train

in
g

 set: 
M

an
u

al tran
scrip

tio
n

 o
f 40 h

o
u

rs o
f n

ew
s

 

-
w

ord-level transcription takes >
 10x real-tim

e
-

V
iterbi training, starting from

 read speech m
odel

 

•
L

an
g

u
ag

e m
o

d
el:

200M
 w

o
rd

s o
f U

S
 &

 U
K

 n
ew

sp
ap

er arch
ives

•
D

ictio
n

ary:  
S

tan
d

ard
 U

K
-E

n
g

lish
 + exten

sio
n

s

 

-
m

any novel &
 foreign w

ords
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Vo
cabu

lary exten
sio

n

 •
N

ew
s alw

ays h
as n

ovel w
o

rd
s

•
S

tartin
g

 p
o

in
t: Text-to

-sp
eech

 ru
les

 

-
speech synthesizers’ rules for unknow

n w
ords

-
but novel w

ords are often foreign nam
es

 •
S

o
u

rces to
 id

en
tify n

ew
 w

o
rd

s

 

-
B

B
C

 ‘house style’ inform
ation

 

•
C

h
o

o
se m

o
d

el by sin
g

le aco
u

stic exam
p

le

 

-
grab from

 T
V

 subtitles?

dh
axiy

dcl
d

d
aa

aw
...

F
S

G
 decoder .. .

W
ord
strings

D
ictionary

P
hone trees

L
etter-to-
phone
trees

T
he D

ow
 Jones...

d
 
o
 
w

a
x
 
d
 
a
w

or
or

F
S

G
 building

F
S

G
A

coustics

dh dh dh dh ax ax dcl d...
A

lignm
ent

t
h
e
=
d
h
 
a
x

d
o
w
=
d
 
a
w
�

j
o
n
e
s
=
j
h

A
coustic confidences

dh=
 0.24  ax=

 0.4  dcl=
0.81...
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A
u

d
io

 seg
m

en
tatio

n

 

•
B

ro
ad

cast au
d

io
 in

clu
d

es m
u

sic, n
o

ise etc.

•
S

eg
m

en
tatio

n
 is im

p
o

rtan
t fo

r reco
g

n
itio

n

 

-
speaker identity tagging, m

odel adaptation
-

excluding nonspeech segm
ents

 

•
C

an
 u

se g
en

eric m
o

d
els o

f sim
ilarity/d

ifferen
ce

•
L

o
o

k at statistics o
f sp

eech
 m

o
d

el o
u

tp
u

t

 

-
e.g. dynam

ism
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g
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p

q
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q
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In
fo

rm
atio

n
 retrieval:

Text d
o

cu
m

en
t IR

 

•
G

iven
 q

u
ery term

s 
, d

o
cu

m
en

t term
s 

h
o

w
 to

 fi
n

d
 an

d
 ran

k d
o

cu
m

en
ts?

•
S

tan
d

ard
 IR

 u
ses ‘inverted

 in
d

ex’ to
 fi

n
d

:

 

-
one entry per term

 
, listing all docum

ents 

 containing that term

 

•
D

o
cu

m
en

ts are ran
ked

 u
sin

g
 “tf • id

f”

 

-

 

tf

 

 (term
 frequency) =

 how
 often term

 is in doc
-

 

id
f

 

 (inverse docum
ent frequency) 

=
 how

 m
any (how

 few
) docs contain term

 

•
P

erfo
rm

an
ce m

easu
res  

-
precision: (correct found)/(all found)

-
recall: (correct found)/(all correct)

-
m

ean reciprocal rank - for specific targets

T
q

T
D

i()

T
D

D
i()
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Q
u

eries in
 T

h
isl  

•
O

rig
in

al id
ea: sp

eech
 in

, sp
eech

 o
u

t

•
Try to

 ‘u
n

d
erstan

d
’ q

u
eries

 

-
hand-built gram

m
ar:

-
.. but keyw

ords better

 

•
P

h
o

n
etic m

atch
in

g
 w

ith
 sp

eech
 in

p
u

t

 

-
search ‘phone lattice’ recognizer output?
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T
h

isl U
ser In

terface

D
ate filters

P
ro

g
ram

 

P
au

ses &
sen

ten
ce

sh
o

w
n

b
reaks

S
p

eech
in

p
u

t

filter

click-to
-p

lay
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T
h

isl S
D

R
 p

erfo
rm

an
ce

 

•
N

IS
T

 Text R
etrieval C

o
n

feren
ce (T

R
E

C
), 

S
p

o
ken

 D
o

cu
m

en
ts track

 

-
500 hours of data 

 

→

 

 need fast recognition
-

set of ‘evaluation queries’ +
 relevance judgm

ents

 

•
C

o
m

p
o

n
en

ts tried
 in

 d
ifferen

t co
m

b
in

atio
n

s

 

-
different speech transcripts (subtitles, A

S
R

)
-

different IR
 engines &

 query processing  

•
P

erfo
rm

an
ce o

f system
s

 

-
A

S
R

 less im
portant than IR

 (query expansion...)

10
15

20
25

30
35

0.4

0.5

W
E

R
 / %

W
ith story boundaries

N
o story boundaries

Average Precision

T
R

E
C

9 T
hisl results
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S
p

eaker Id
en

tifi
catio

n

 

•
C

o
m

p
lem

en
t to

 sp
eech

 reco
g

n
itio

n
:

Id
en

tify th
e sp

eaker, reg
ard

less o
f th

e w
o

rd
s

•
D

ifferen
t fo

rm
s o

f th
e p

ro
b

lem
:

 

-
speaker segm

entation
-

speaker identification
-

speaker verification

 

•
Facto

rs:

 

-
am

ount of training data (10 s .. 20 m
in)

-
am

ount of test data (3 s .. 5 m
in)

-
num

ber of com
petitors (10 .. 500)

-
false accept vs. false reject

 

•
S

tan
d

ard
 b

aselin
e

 

-
large “universal background m

odel” (U
B

M
)

(e.g. 2000 m
ixture G

M
M

 on M
F

C
C

s)
-

likelihood ratio to speaker-specific m
odel
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“S
u

p
er S

p
eaker ID

”

 

•
M

F
C

C
 featu

res d
o

n
’t cap

tu
re ‘h

ig
h

 level’ in
fo

•
2002 JH

U
 p

ro
ject to

 
investig

ate n
ew

 
featu

res

 

-
e.g. com

bined 
pitch/energy 
contour 
sequences:

-
also phone ftrs...

 

•
Favo

rab
le fu

sio
n

 w
ith

 
stan

d
ard

 b
aselin

e

 

http://w
w

w
.clsp.jhu.edu/w

s02/
groups/supersid/
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O
u

tlin
e

 

S
p

o
ken

 D
o

cu
m

en
t R

etrieval

A
u

d
io

 d
atab

ases

 

-
N

onspeech audio retrieval
-

P
ersonal audio archives

 

O
p

en
 issu

es

123
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R
eal-w

o
rld

 au
d

io

 

•
S

p
eech

 is o
n

ly p
art o

f th
e au

d
io

 w
o

rld

 

-
w

ord transcripts are not the w
hole story

 

•
L

arg
e au

d
io

 d
atasets

 

-
m

ovie &
 T

V
 soundtracks

-
events such as sports, new

s ‘actualities’
-

situation-based audio ‘aw
areness’

-
personal audio recording

 

•
In

fo
rm

atio
n

 fro
m

 so
u

n
d

 

-
speaker identity, m

ood, interactions
-

‘events’: explosions, car tires, bounces...
-

am
bience: party, subw

ay, w
oods

 

•
A

p
p

licatio
n

s

 

-
indexing, retrieval

-
description/sum

m
arization

-
intelligent reaction

2
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M
u

ltim
ed

ia D
escrip

tio
n

: M
P

E
G

-7

 

•
M

P
E

G
 h

as p
ro

d
u

ced
 stan

d
ard

s fo
r au

d
io

 / 
vid

eo
 d

ata co
m

p
ressio

n
 (M

P
E

G
-1/2/4)

•
M

P
E

G
-7 is a stan

d
ard

 fo
r m

etad
ata: 

d
escrib

in
g

 m
u

ltim
ed

ia co
n

ten
t

 

-
because search and retrieval are so im

portant

•
D

efi
n

es d
escrip

tio
n

s o
f tim

e-sp
ecifi

c tag
s, 

w
ays to

 d
efi

n
e categ

o
ries, 

sp
ecifi

c categ
o

ry in
stan

ces

•
+ P

relim
in

ary featu
re d

efi
n

itio
n

s e.g
. fo

r au
d

io
:

-
spectrum

: centroid, spread, flatness
-

harm
onicity: degree, stability

-
pitch, attack tim

e, m
elody structure ...

http://w
w

w
.darm

stadt.gm
d.de/m

obile/M
P

E
G

7/D
ocum

ents.htm
l
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M
u

scle F
ish

 “S
o

u
n

d
F

ish
er”

•
A

ccess to
 so

u
n

d
 effects d

atab
ases

•
F

eatu
res (tim

e series co
n

to
u

rs):
-

loudness, brightness, pitch, cepstra

•
Q

u
ery-by-exam

p
le

-
direct correlation of contours (norm

alized/not)
-

com
parison of value histogram

s (tim
e-collapsed)

•
A

lw
ays g

lo
b

al featu
res

-
a m

ixture of tw
o sounds looks like neither

S
egm

ent�
feature�
analysis

S
ound segm

ent
database

S
egm

ent�
feature�
analysis

S
each/�

com
parison

R
esults

Q
uery exam

ple

F
eature vectors
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S
o

u
n

d
F

ish
er u

ser in
terface

•
P

rin
cip

le q
u

ery m
ech

an
ism

 is “so
u

n
d

s like”
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H
M

M
 m

o
d

elin
g

 o
f n

o
n

sp
eech

•
N

o
 su

b
-u

n
its d

efi
n

ed
 fo

r n
o

n
sp

eech
 so

u
n

d
s

-
but can still train H

M
M

s w
ith E

M

•
F

in
al states d

ep
en

d
 o

n
 E

M
 in

itializatio
n

-
labels / clusters

-
transition m

atrix

•
H

ave id
eas o

f w
h

at w
e’d

 like to
 g

et
-

investigate features/initialization to get there
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2
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7
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8
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In
d

exin
g

 fo
r so

u
n

d
tracks

•
A

ny real-w
o

rld
 au

d
io

 w
ill h

ave 
m

u
ltip

le sim
u

ltan
eo

u
s so

u
n

d
 so

u
rces

•
Q

u
eries typ

ically relate to
 o

n
e so

u
rce o

n
ly

-
not a source in a particular context

•
N

eed
 to

 in
d

ex acco
rd

in
g

ly:

-
analyze sound into source-related elem

ents
-

perform
 search &

 m
atch in that dom

ain

S
egm

ent�
feature�
analysis

C
ontinuous audio

archive

S
egm

ent�
feature�
analysis

S
each/�

com
parison

R
esults

Q
uery exam

ple

E
lem

ent representations
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A
larm

 so
u

n
d

 d
etectio

n

•
A

larm
 so

u
n

d
s h

ave p
articu

lar stru
ctu

re
-

people ‘know
 them

 w
hen they hear them

’

•
Iso

late alarm
s in

 so
u

n
d

 m
ixtu

res

-
sinusoid peaks have invariant properties

-
cepstral coefficients are easy to m

odel
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S
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 alarm
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P
erso

n
al A

u
d

io

•
L

ifeL
o

g
 / M

yL
ifeB

its / 
R

em
em

b
ran

ce A
g

en
t:

E
asy to

 reco
rd

 everyth
in

g
 yo

u
 

h
ear

•
T

h
en
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