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In tro duction
What Is I1t?

toolkit for Hidden Markov Modeling
generalpurpose,but...

optimized for Speed Recognition

very exible and complete(always updated)
very good documertation
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In tro duction

ASR overview

—>{ model set

Training
 prototype HMM ]—I9
: feat .
e?(?rggion —>{ features _} training
labels ',
(dictionary ~ }——
Recognition
| model set ]—I9
- feature \ :
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Intro duction
things that you should have before you start

familiarity with Unix-like shell
{ cd, Is, pwd, mkdir, cp, foreach...

text processingtools:
{ perl, perl, perl, perl, perl
{ grep, gawk, tr, sed, find, cat, wc...

lots of patience

the fabulousHTK Bo ok
a look at the RefRec scripts

P@ﬁETENSKA\E@ KuNGL . HTK T L!torial
o 1 TEKNISKA Giampiero  Salvi, Nov. 2003 5/36

)?m KONST ) ”
\%X@{é/ HOGSKOLAN



In tro duction
the HTK tools

data manipulation tools:
HCopy HLEdHHEd

data visualization tools:
HList

training tools:
HCompWInit HRest HERest

recognitiontools:
HLStats HParse HVite HResults
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In tro duction
the HTK data formats

data formats:

audio : many commonformats plus HTK binary
features: HTK binary
lab els: HTK (single or Master Lalel les)  text
models: HTK (single or Master Macro les) text or binary
other : HTK text

( prototype HMM
eanay training

E

(dictionary ~ }—

etanan decoding
(dictionary ~ }—
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Intro duction
usage example (HList)

USAGE:HList [options] file

> HList
Option
-d
-e N
TN
-n N
-0
-p
-r
-S N
-1
-Z
-A
-C cf

Coerce observation to VQsymbols
End at sample N

Print, source header info
Set items per line to N

Set num streams to N
mtb observ tlon structure
ack au

erte raw output

Start at sample N

Print target header info
Suppress printing  data

Print commandine arguments
Set config file to cf

Display configuration variables

Default

off
0
off
10
1

ot

off

0

off

on

off
default
off
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In tro duction
command line switc hes and options

> HList -e 1 -0 -h feature_file
Source: feature file

Sample Bytes: = 26 Sample Kind: MFCC O
NumComps: 13 Sample Period: 10000.0 us
NumSamples: 336 File Format: HTK

----------------- -- - QObservation Structure  --------------—- —=- ==
X: MECC-1 MECC-2 MECC-3 MECC-4 M

MFCC-8 MFCC-QMFCC-]]OI\/IFCC- IMFCC-12 CO
----------------- -- --- -- Samples: 0->1 ------------------ - - -

0: -14.314  -3.318 -6,263 -7.245 7.192 4997  0.830
3.293 5428 6831 5819 5606 40./34

1 -13.591 -4.7/56  -6.03/ -3.362  3.941 3.510 2.867
0812 0630 5.285_ 1.054 8375 40.7/8

----------------- e ST Sttt e R
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In tro ductlon
con guration

> cat config_file

SOURCEKIND MECC 0
TARGETKINB MFCC_0_D_A

> HList -C config_file -e 0 -0 -h feature_file
Source; feature file

Sample Bytes: — 26 Sample Kind: MFCC_0O
NumComps: 13 Sample Period: 10000.0 us
NumSampIeS' 336 File Format HTK

----------------- - - O servg ru fure  -coc----coeoeoo- == ==

g gl c%1 e %

AcCC- cc

_____________ B B ER R AR &
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R
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Data formats and manipulation
le manipulation tools

HCopy corverts from/to various data formats (audio,
features ).

I quartizes speet (audio).
HLEd edits label and master label les .
nedits dictionary les .

HHEd edits model and master macro les .

. converts languagemodelsin di erent formats
(more in recognition section).
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Data formats and manipulation

computing feature les (HCopy)

> cat config_file

# Feature configuration
TARGETKINB MFCC 0

e
COmme)
<O
=0
<
)

>
O
c
—+
=
1)

rmat (headerless 8 kHz 16 bit linear PCM)

000
CCC
00
OO0

V V. 00 FEMZOZT0C

_file audio_filel param_filel audio file2
Ig_file  -S file_list

I T
Q)
o
ke
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Data formats and manipulation

label les
#IMLF!#
" lenamel™
 startl [ end]]] labell [ score]  fauxlakel [ auxsore] g [ comment]
 start2 [ end?]] lakel2 [ score]  fauxlalel [ auxsore]g [ comment]

':"startN [endN]] IlabeIN [swore] fauxlalel [auxsore]g [comment

" lename2"

[.] = optional (O or 1);
{.} = possiblerepetition (0, 1, 2...)

time stamps are in 100nsunits (!?): 10ms= 100.000
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Data formats and manipulation
label le example 1

> cat aligned.mlf

HIMLE#
"*/a10001al.rec" _ _

0 6400000 ?I| <siI>
6400000 8600000 feorra
3600000 10400000 oe

10400000 11700000 r

11700000 14100000 a

14100000 14100000 sp _
14100000 29800001 sil <sil>
"*/a10001i1.rec" _

0 2600000 sjl <sil>
2600000 4900000 S sju
4900000 8300000 uh:

8300000 8600000 a
8600000 8600000 sp
8600000 21600000 sil <sil>
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Data formats and manipulation

label le example 2 (HLEJ

> HLEd-l " -d lex.dic -I phones.mlf words2phones.led words.mif
> cat words.mif > cat phones.mlif
#IMLFl# #IMLFI#
-*/al0001al.rec "¥/a10001al.rec"
feorra ?il
"*/a10001i1.rec" oe
sju r
. a
Sp
sil
""?llaloOOlil.rec"
S
> cat words2phones.led Eh:
EX . : a
1S sil sl sp
sil
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Data formats and manipulation
dictionary (HDMa3n

WORPDUTSYMPRONPR®R P2 P3 P4 ...

> cat lex.dic > cat lex2.dic
forra  f oer a sp <sil> p Sil
sju S uh: a sp feorra oer asp
Sju 0.3 Suh: a sp
Sju 0.7 S uh: sp
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Data formats and manipulation

HMM de nition
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<STATE>3
~s "state_name"
<STAT
<NUMMIXES2
<MIXTUREX 0.7

~m"miX name"

<MIXTURE? 0.3
<MEAN )
~U "mean name

<VAR|ANCEXA
~V_"varlance_name”
<TRANSP>
~t "transition_name"
<ENDHMM>

les (HHEWd 1/5

HMM de nition (~h)
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Data formats and maniéaulation
HMM de nition les (HHEW2/5

~h "hmm name"

<BEGINHMM>
<NUMSTATES>
<STATE>2

A
Z
-
<
=
X
i

~ 0o

State de nition (~S)
0.3

) Q.
o 03020

\
~sS "state _name" :’l

<STATE*4
<NUMMIXE S2
<MIXTUREX 0.7

~m "mix name"

<MIXTUREX2 0.3
<MEANX .
~uU "mean name

<VARJANCE# )
~V_variance_name

<TRANSP>
~t "transition_name"

<ENDHMM>

N o

K-

ollo odllo o

=
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Data formats and manié)ulation

HMM de nition les (HHEQ3/5
~h "hmm name"
<BEGINHMM>
<NUMSTATES>
SR IxES2 : : :
<MIXTURES 0.8 Gaussian mixture componert de ni-
MEAMYND 07 03 tion (~m
<VARIANCE#A
0.2 0.1 0.1 0.1
<MIXTURE:2

0503 04 0.0 1 a e a 5
<VARIANCEH#A
O 0101 0.2
<STATES3

\
\
<NUMMIXES2 N
<MIXTUREXA 0.7
~m "mix_name"
<MIXTURE>2 0.3
<MEAN .
~U "mean name
<VARIANCE#A .
~v "variance_name
<TRANSP>

~t "transition_name"
<ENDHMM>
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Data formats and manipulation
HMM de nition les (HHEQ4/5

Mean vector de nition (~u)

<MEAN Diagonal variance vector de nition
0.1 0.0 0.7 0.3 (~V)

H;UN:D
=

02 0.3 0.4 0.0
OR0SC
0.1 0.2
\
<STATE> \
<NUMMIXES2 N

<VARIANCE#A
0.1 0.1
<STATE>3
<MIXTUREX 0.7
~m "mIxX_name"

0.2 0.1 0.1 0.1
<MIXTURE>2 0.2 O O O
~S "state_name"
<MIXTURE=2 0.3
<MEANﬂ

1
~U "mean name
<VAR|ANCE#A
~V Varlance name"
<TRANSP> |
~t tranSItlon name"
<ENDHMM>
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Data formats and manipulation
HMM denition les (HHEPS5/5

~h "hmm me
E$>

N\

bam
AN TED
<Z>=23
<RCHHTS
=M
CZ%>§
T =
2

A
<
M
>
Z
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~N

Transition matrix de nition (~t)
0.3

:

=
o
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=

>
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>
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~S "state_name”
<STATE>}
<NUMMIXES2
<MIXTUREX 0.7

~m "mIX name"

<MIXTURE? 0.3
<MEAN )
~U "mean name

<VAR|ANCEXA
~V_"varlance_name”

<TRANSP>
~t "transition_name"
<ENDHMM>
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Data visualization

) graphicaltool to label speet (use WaveSurfer
Instead).

HList : givesinformation about audio and feature les.

generatesrandom senencesout of a regular
grammar

,A)
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Training

In termezzo
what do we know so far?

feature_
extraction

%[ features } > training

Recognition

| labels }
(dictionary ~ |——

[ model set ]—I9

feature_
extraction

—>{ features  } >| decoding
9

( grammar }——
(dictionary ~ }——
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Traning tools
mo del Initialization

Initialization proceduredependson the information avaliable
at that time.

HComp\¢omputesthe overall meanand variance.
Input: a prototype HMM.

Hinit : Viterbi segmertation + parameterestimation. For
mixture distribution useskK-means.

Input: a prototype HMM, time aligned transcriptions.
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Traning tools
training and adaptation

HRest Baum-Weld re-estimation.
Input: an initialized model set, time alignedtranscriptions.

HERest performs emleddel Baum-Weld training.
Input: an initialized model set, timelesstranscriptions.

1 performs adaptation on a limited set of data.

)th smoots a set of corntext-dependen models
accordingto the context-independen courterpart.
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Traning tools

training example: RefRec

rst pass:

prototype HMM |! |HCompV |cloning|! |HERest!

realignmen (HVite) |! |HERest! |increaseMC (HHE}Q, !

HERest! |realignmen (HVite)

secondpass:

prototype HMM + aligned transcriptions|! |Hinit |!

HRest|! |HERest! |increaseMC (HHEY ! HEReS*
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Recognition tools

grammar generation
HLStats: createsbigram from training data.

HParse parsesa userde ned grammarto producea
lattice.

decaling
HVite: performsViterbi decaling.

evaluation
HResults: evaluatesrecognition results.

,A)
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Recognition t(ﬂ ols

grammar ~'de nition Parse
s(rove)— >

top >

bottom :
sil —>{(bottom ) 2l V(i Y (il
fil =Y ‘L > il >(quit > fi

i ) g i
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Recognition tools

grammar de nition (HParse

> cat grammar.bnf

$dir = up | down| left | right;

$mcmd= move $dir | top | bottom;

$item = char | word | line | page;
$dcmd = delete [$item];

$icmd = insert;

$ecmd = end [insert];

$cmd = $mcmd| $dcmd| S$icmd | $ecmd;
$noise =sil | fil | spk;

({$noise} < $cmd {$noise} > quit {$noise})

[] optional

{.} zero or more

(.) block

<.> loop

<<.>> context dep. loop
|. alternativ e
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Recognition tools

grammar de nition (HParse

> cat grammar.bnf

$dir =up | down| left | right;
$mcmd= move $dir | top | bottom;

$item = char | word | line | page;
$dcmd = delete [$item];
$icmd = insert; W
$ecmd = end [insert]; o) S
$cmd = $mcmd| $dcmd| S$icmd | $ecmd;
$noise =sil | fil | spk;
({$noise} < $cmd {$noise} > quit {$noise}) _ —>{ right }
[.] optional top
{} zero or more @
(.) block
<.> loop
<<.>> context dep. loop
|. alternativ e
:@{/ﬁmﬁﬁ KuNGL ~ HTK  Tutorial
%&K%%T @?[%} Eli;(gélsggm Giampiero  Salvi, Nov. 2003 30/36

%Xg: Z



Recognition tools

grammar de nition (HParse

> cat grammar.bnf
$dir =up | down| left | right;
$mcmd= move $dir | top | bottom;

$item = char | word | line | page;
$dcmd = delete [$item];

<

$icmd = insert;

%ecmd— gnd [inseg[]; . .
cmd = $mcmd| $dcmd| $icmd | $ecmd,;
$noise =sil | fil | spk; '
({$noise} < $cmd{$noise} > quit {Snoise})
[] optional
{.} zero or more
(.) block
<.> loop
<<.>> context dep. loop
|. alternativ e
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Recognition tools

grammar de nition (HParse

> cat grammar.bnf

$dir =up | down| left | right;
$mcmd= move $dir | top | bottom;
$item = char | word | line | page;
$dcmd = delete [$item];

$icmd = insert;
$ecmd = end [insert];

$cmd = $mcemd| $dcmd| $icmd | $ecmd; @
$noise =sil | fil | spk; =N
({$noise} < $cmd{$noise} > quit {$noise}) ond

[] optional

{.} zero or more

(.) block

<.> loop

<<.>> context dep. loop

|. alternativ e
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Recognition

to ols

grammar de nition (HParse
> cat grammar.bnf
$dir =up | down| left | right;
$mcmd= move $dir | top | bottom;
$item = char | word | line | page;
$dcmd = delete [$item];
$icmd = insert;
$ecmd = end [insert];
$cmd = $mcemd| $dcmd| $icmd | $ecmd; =
$noise =sil | fil | spk; S
({$noise} < $cmd{$noise} > quit {Snoise}) >
sp
[] optional
{.} zero or more
(.) block
<.> loop
<<.>> context dep. loop
|. alternativ e
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Recognition tools

grammar de nition (HParse

> cat grammar.bnf

$dir = up | down| left | right;
$mcmd= move $dir | top | bottom;
$item = char | word | line | page;
$dcmd = delete [$item];

$icmd = insert;

$ecmd = end [insert];

$cmd = $mcemd| $decmd| $iemd | $ecmd; Y_{ sil
$noise =sil | fil | spk;

_ _ _ _ fil —>
(| fSnoiseg | < $cmd{$noise} > quit {$noise}) T

[] optional

{.} zero or more

(.) block

<.> loop

<<.>> context dep. loop
|. alternativ e
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Recognition tools
grammar parsing (HParsg and recognition (HVite)

Parsegrammar
> HParse grammar.bnf grammar.slf

Run recognitionon le(s)
> HVite -C offline.cfg -H mono_32_2.mm#w grammar.slf
-y lab dict.txt  phones.lis audio_file.wav

Run recognitionlive
> HVite -C live.cfg -H mono_32 2.mmiw grammar.slf

-y lab dict.txt  phones.lis
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Recognition tools

evaluation (HResults)

> HResults -I reference.mlf ... word.Ist recognized.mlf

————=——=———————————=== HTKResults Ana|ysis - ——
Date: Thu Jan 18 16:17:53 2001
Ref : nworkdir train/t estset.mlf

Rec : nresults train/m ono 32_2/r ec. mif
----------------- -- --- -- Qverall Results ---------------- R
SENT: %Correct=74.07 [H=994, S=348, N=1342]

WORD%Corr=94.69, Acc=94.37 [H=9202, D=196, S=320, [=31, N=9718]

N = total number, | = Insertions, S = substitutions, D = deletions
correct H=N S D

%correct : %Corr = H=N accuracy : Acc= A1t =N 5D |
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