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1 Introduction

The aim of this practice guide is that the students get famlith the use oHTK (Hidden Markov
Model ToolKit) applied in handwritten text recognition (IR}, and further, in computer assisted tran-
scription of handwritten text (CATTI). In addition, briekplanations about the use of some home-
made tools for image preprocessing and features extraatiplemented for HTR will be given.

As this practice is completely developed in Linux, it is asgd that the students have a prior
knowledge and experience using this operating system amdlihg the standard GNU-Linux tools
such avash, awk, netpbm display, etc.Formoreinformation of these tools, refer to:

e man bash awk net pbm di spl ay

http://ww. gnu. or g/ sof t war e/ bash/ manual / bashr ef . ht m
http: // ww. f ags. or g/ docs/ Li nux- HOMQ Bash- Prog- | nt r o- HOMQO. ht m

http://ww. gnu. or g/ sof t war e/ gawk/ manual / gawk. ht n

http:// net pbm sour cef orge. net/
http:// net pbm sour cef orge. net/ doc/

e http://ww. i magemagi ck. or g/ scri pt/di splay. php

These tools are employed to perform basic tests and HTR iex@ets on the small handwritten
text images corpus nam&panish-NumbersThe recognition of text images from this corpus corre-
sponds to an academic problem with application in the relal, fiecussing on the recognition of legal
amounts in bank checks. That is, these handwritten texésees simulate legal amount numbers in
bank checks (see examples in Fig. 1).

2 HTK and Software Tools for HTR and CATTI

TheHTK tool, as well as its documentation, are publically avagahl
http://htk. eng. cam ac. uk

In addition, in order to traim-grams language model, the softw&RI Language Modeling Toolkit
(SRILM) is required This can be downloaded from:

http://ww. speech. sri.cont projects/srilnl downl oad. ht m
Thetools, utils andexamplegor HTR and CATTI can be downloaded from:
wget http://prhlt.iti.es/tutorial/icfhr2010/HTR-toolsUils.tar.bz2
To compile and install it:

tar xvjf HTR-toolsUils.tar.bz2
cd HTR-tool sUils

make

make i nstall

By default, they will be installed in$HOVE/ bi n”, “$HOVE/ scri pt s” and
“$HOVE/ CATTI - Exanpl es”. In “$HOVE/ bi n” are found the following executable files:

pgmredi an: performs median filter for noise reduction and edge smogthin
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pgnsl ope: by a rotation transform.

pgmnsl ant : detects the words slants in the image and corrects them byréaohtal
shift transform (se€?]).

pgmor nsi ze: performs size normalization of each detected word in thge{aee?]).

pgnt ext f ea: transforms the already preprocessed image into sequenizatofes
vectors.

gr ammar Tool s: is in charge to generate thegrams language model required for
each CATTI interaction. Actually, this program performe tltoncatenation” of a
linear model which strictly accounts for the successive words éngrefix and the
n-grams models which models the words sequence in the s@8ffix [

pf | 2ht k: converts sequence of real-values vectors in ASCII form&tTi& format.
In “$HOVE/ scri pt s” has been installed the following bash-shell scripts:

HTR- Pr epr ocessi ng. sh : launches the complete text image preprocessing and fea-
tures extraction on a given corpus of text lines images.

HTRf eat Show. sh : shows a graphical representation of a given featuresaidreile
(with extension f ea). To run this script is necessary to haliespl ay previously
installed (all Linux have it installed by default).

Cr eat e_.HWs- TOPOLOGY. sh : sets the initial HMM topology.

Cr eat e_HTK- Di cNet . sh : Given a directory containing the transcriptions filessthi
script generates Bi cti onary and aNet wor k (i.e. language model) in SLF
format of HTK . This script runs the@gram-counbinary (provided by the SRILM
ToolKit) to generate the language model (bi-grams).

Creat e HWELI st . sh : generates a characters list, (which serves as HMMs identi-
fiers) from a given directory of transcriptions files.

Creat e_Trai n- MLF. sh : accepts as input a directory of transcriptions files (irt tex
format) and outputs BITK MLF (Master Label File), which is going to be used in
the HMMs training process.

Creat e_Test - MLF. sh : accepts as input a directory of transcriptions files (irt tex
format) and outputs BHTK MLF (Master Label File), which id going to be used as
reference labels in the final evaluation of the recognizqubltiyeses.

Tr ai n- HMVk. sh : launches a complete HMMs training process. For a morelddtai
explanation of what this script does, refer to the appendix A

CATTI _si nmul ati on. sh : launches a CATTI simulation for a given set of samples.
This will be explained in section 5.

shuf f | e. sh : shuffles the lines of a given file.

In order to these tools (executables and scripts) are #laila the user-command line, do not forget
to include their respective paths into the siiRTH variable:

export PATH=$PATH: $HOVE/ bi n: $HOVE/ scri pts: .

You can have a look into each of these scripts to learn moretatdwat exactly they are doing. Mostly
of them employHTK commands, although thér eat e HTK- Di cNet . sh script, also uses some
SRILM commands to train-grams models.

Finally, the ‘$HOVE/ CATTI - Exanpl es” directory has the CATTI _| AVDB. | og” file, which
contains the CATTI simulation output on the IAMDB corpus. iFfile is going to be used in the
proposed exercises.



3 Corpus “Spanish-Numbers”

The “Spanish-Numbers” corpu®][ collected by the “Instituto Tecnol'%‘gico de Inform'l'étical”,
contains aboui22 handwritten text sentences and is employed frequently@aspbe-task for assess-
ing the performance of new preprocessing, features eidraahd modelling methods for HTR. It can
be downloaded from:

cd $HOVE
wget http://prhlt.iti.es/tutorial/icfhr2010/ Spani shNunbers.tar.bz2

and uncompressed using:

tar xvjf SpanishNunbers.tar.bz2
cd $HOVE/ Spani shNunber s

Lityecondd sederote Y oclo M/ VeLreln e
Madn i NLower Ochentn / sty wd NeaH onattiy

i umllow  sedsaewdes  doce

Figure 1. Some text lines examples from the “Spanish-Nusilz&Erpus.

Into the directorySpani shNunber s you can find:

1. The sub-directoryFRASES_PBM, which contains thé22 binary images in PBM
format. Figure 1 shows some examples of them.

2. The sub-directoryFRASES_TXT”, where the corresponding transcriptions files (in
ASCII format) are located.

3. The sub-directoryl“NF”, where are placed the files with the samples lists used for
training (1 i st. trai n”)andtest(f i st.train”),aswellasthe$anpl esDB. dat”
file used to generate the dictionary (Ilexicon) and the laggumodel for the recog-
nition.

Thefiles1i st.train”and“ i st.test”define the training and test partitions respectively.
Both of them list the samples without directories neitherteegions, located in
“Spani shNunmber s/ FRASES_PBM and “Spani shNunber s/ FRASES_TXT". The table 1 shows
basic statistics of the corpus as well as the defined pantitio

Train | Test| Total
# writers 18 11 29
# sentences 297 | 187 | 484
# words 1,300| 827 | 2,127

Table 1: Basic statistics from the corpus and its definedtjwart

Thttp://www iti.upv.es



4 Tutorial for a Simple HTR experiment

Create a work directory for this practice session and eht&or example:

nkdi r $HOVE/ wor k
cd $HAVE/ wor k

The HTR experiment described here, involves three diftepdrases:training, decoding and

evaluation.

4.1 Training Phase

The steps to be followed in this training process are:
1. nkdi r $HOVE/ wor k/ f eaDi r

2. Apply the HTR preprocessing and features extraction en‘8panish-Numbers” images lo-
cated in ‘Spani shNunber s/ FRASES_PBM'. To do this, we use the script: feaDir 20

HTR- Pr epr ocessi ng. sh ../ Spani shNunber s/ FRASES PBM feaDi r 20

TheHTR- Pr epr ocessi ng. sh takes as arguments:

(a) the directory containing the images in PBM format.
(b) the output directory (‘eaDi r ") where the features extraction files will be stored.
(c) the features extraction resolution (20).

This script performs for each of the images, the followingusnce of piped commands:

pnndepth 255 file. pbm | # Change to grey Level.
pgnmedi an | # Snoot h the i nage.
pgnsl ope | # Perform " Sl ope"” correction.

pgnslant -M M | # Perform"Slant™ correction
# usi ng Standard Devi ati on.

pgmmor nsi ze -¢c 5 | # Performsize normalization.

pgntextfea -c $RES > file.aux # Conpute feature extraction.
#

pfl2htk file.aux file.fea Convert to HTK format.

To test whether the feature extraction files are being ctiyrgenerated, we can display graph-
ically one of them through the scripHTRf eat Show. sh”. For example:

HTRf eat Show. sh feaDi r/ 010002. f ea

This script should display three images of the text image millon setecientos mil nueve”
(1,700,009). The first should correspond with the normdligeey level features, whereas the
second and third with the horizontal and vertical derivegifeatures respectivély

Furthermore, to check HTK accepts this feature extraction format-type, list the enonhof
this file through the commantdList, as follows:

2In this images the edges have been emphasized.



HLi st -h feaDi r/010002.fea

The execution of thédTR- Pr epr ocessi ng. sh script for all the images takes around 15
minutes to finish, so in the mean time we can go on with the rtegt s

. The next step is to generate a HMM prototype with an ing@itinuous densitjeft-to-right
topology using:

Creat e_ HMVs- TOPOLOGY. sh 60 6 > proto

This script accepts as input the dimension of the feature®xeand the number of states to
be set up for HMMs. It outputs an initial HMM topology with ghbne Gaussian density in
the mixture per state, whose dimension (in this case) i®g#t £ 20 x 3, according to the the
feature extraction resolution of 20 computed in the prepssmng step (20 grey level features,
20 horizontal derivative features and 20 vertical derxafeatures). The number of states per
HMM has been set up to 8, each of them has the state-transitibself with probability0.6
and to the next state (on the right side) with probability.

To take a look into the initial HMM prototyppr ot o,
cat proto

. Run the scripCr eat e HWELI st . sh to generate the HMMs names list:

Create_HMMsLIi st.sh ../ Spani shNunber s/ FRASES TXT \
HMVBLI st

As arguments the directory containing the transcriptioles fand the name of the output file
(HMVBLI st) are requiered. To see tidMVELI st content,

cat HWMMVsLI st

. The HMM training process applied here, requires (amohgrstthings) the feature extraction
results and the transcriptions. Concerning to the trapsonis file, it must be in MLF (master
label format) obtained by executing t@eeat e_Tr ai n- MLF. sh script on them:

Create_Trai n-M.F.sh ../ Spani shNunber s/ FRASES TXT \
sanpl es. m f

The output is stored in thesanpl es. nml f " file.

. From the Spani shNunber s/ I NF/ | i st. t rai n”file, we generate the final training sam-
pleslist‘t rai n. | st ”as follows:

for min $(< ../Spani shNunbers/INF/list.train); do
if [ -e feaDir/$mfea ]; then
echo feaDir/ $m fea;
el se
echo "Error: feabDir/$m fea does not exist." 1>&2;
fi:
done > train. | st
shuffle.sh train.Ist | tail -n $[297/4] > train_red.| st




The last line of the previous script performs a random sigleadf a sub-set of the training
samples listtrai n. | st ”. We will employ this reduced listt(r ai n_r ed. | st) to speed up
the training process, at the expense of the HMMs being ndttreghed.

7. Finally (once the processing and feature extraction liavghed for all images), we run the
following script to train the HMMs:

Train-HMVs. sh train_red.l st hmmproto sanples. mf \
HMVBLI st

This accepts as arguments:

(a) the list of samples files to use in the training process.
(b) the directory where will be stored the trained HMMs.
(c) the initial HMM topology file (HMM prototyoe).

(d) the transcriptions file in MLF format.

(e) the file of HMMs names list.

For a more detailed explanation of what this script exaoctlgg] refer to the appendix A.

4.2 Recognition Phase

The recognition phase comprises the following steps:

1. Create the words dictionary and the network (languagesfhogding:

Create_HTK-Di cNet.sh ../ Spani shNunber s/ | NF/ sanpl esDB. dat \
Di ctionary Network

The first argument is thes‘anpl esDB. dat " file containing aroun®0, 000 phrases of Span-
ish numbers names. The second and third arguments are thes mdithe dictionary and the
network output files respectively. The network fildet wor k) is in SLF (standard lattice
format) of HTK . Actually this script runs the binany-gram-count(belonging to the SRILM
Toolkit) to train a bi-grams language model from the sampiésanpl esDB. dat .

ngram count -text ../ Spani shNunbers/ | NF/ sanpl esDB. dat \
-Ilm LM arpa -order 2

One way to test whether these files have been correctly gedera employing the command
HSGen which generates randomly several sentences using tleoteand the language model
probabilities from the Di ct i onar y” and the ‘Net wor k” files.

HSGen -n 100 Network Dictionary

2. In a similar way, as it was done for thér‘ai n. | st ” file, we create the test samples list
“test.lst™



for min $(< ../Spani shNunbers/INF/list.test); do
if [ -e feaDir/$mfea ]; then
echo feaDir/$m fea;
el se echo "Error: feaDir/$m fea does not exist." 1>&2;
fi:
done > test.| st

3. Finally, we perform the proper recognition through HHEK commandHVite. For reasons of
time, we only perform the recognition of two samplégéDi r/ 210341. f ea and
feaDir/ 210342. f ea)to show how it is carried out. However, the way of executif\gte
for the whole list of sampleg gst . | st) is given in the appendix B.

Hvite -A-T 1 -0 ST -p -17 -s 50 -H hmm hmm 32/ Macr os_hmm \
" -1 res32.mf -w Network Dictionary HWEsLI st \
feaDir/210341.fea feaDir/210342.fea

-1 7 *

In this case, the recognition is carried out using the tiaidiMMs with 32 Gaussians per state
(defined inhm hmm32/ Macr os _hmmfile) and the lexicon and language model defined re-
spectively in the Di cti onary” and “Net wor k” files. The arguments-“s 50" and “- p

- 177 set up thegrammar scale factoeandword insertion penaltyfor the recognition pro-
cess. For more information about the remaining argumewis lgp theHTK manual. Each
recognized hypothesis is stored in thee'$32. ni f ” file. To see them and their respective
references:

cat res32.mf
cat $HOVE/ Spani shNunber s/ FRASES TXT/ {210341.t xt, 210342. t xt}

As we observe, these results are not so good, since they a@rgnized using HMMs trained
with few samples (we used ai n_red. | st instead oft rai n. | st).

4.3 Evaluation Phase

Once the recognition has finished, we can assess the acairdeyrecognized hypotheses. To do th
is the two following steps can be carried out:

1. Create the reference transcriptions file (in MLF form&afipl esRef . ml f :

Create_Test-MF.sh ../ Spani shNunber s/ FRASES TXT \
Sanmpl esRef . m f

2. Employing the commanidResults

HResults -1 SanplesRef.m f HWbLi st res32.nl f

which ouputs:



—===—======—============ HTK Results Anal ys| § S --——--o——o——————==
Date: Thu Nov 11 19:13:43 2010
Ref . Sanpl esRef.m f
Rec : res32.mf
------------------------ Overall Results ------------mmmmooomm
SENT: 9% Correct=0.00 [ H=0, S=2, N=2]
WORD: % Corr =55. 56, Acc=55.56 [H=5, D=1, S=3, 1=0, N=9]

whereAcc=55. 56 is the accuracy rate correspondingeR=44. 44%(word error rate). The
VAER is defined by:

VER = 100 — AcC = (D%M) 100

where:

I : number of insertions

D : number of deletions

S : number of substitutions

H : number of correct labels

N : total number of word refereces in the defining transcripfil@s.



5 CATTI Simulation

5.1 Short Review

In the CATTI framework, the user is directly involved in thnscription process since he/she is
responsible of validating and/or correcting the HTR outplihe process starts when the system
predicts an initial whole transcription of (some adequagnsent of) the input image. Then, the
user reads this prediction until finding (and correcting)esror. This generates a new, extended
prefix (the previous validated prefix, plus the user amendsyamwhich is used by the HTR system to
attempt a new prediction hypothesis, thereby starting agyele that is repeated until a final correct
transcription is achieved. An example of this process isvwshim figure 2. It is worth nothing in
this example that non-interactive post-editing would haaguired the user to corresix errors from
the original recognized hypothesis whereas, using thedatien feedback, onliwo user-corrections
(the grey text in the final transcriptioh) are necessary to get the final error-free transcription.

x e smed S St R “eep y
STEP-0| »p
s=w append  this  Comment Bill inthat thought
pl
STEP-1| &« opposed
p opposed
§ the Government Bill inthat thought
i opposed the Government Bill
STEP-2 K which
p opposed the Government Bill  which
s brought
P opposed the Government Bill  which  brought
FINAL K #
p=T the  Government  Bill brought
Post-Edition ‘ Bill

Figure 2: Example of CATTI interaction. Initially the prefixis empty, and the system proposes a
complete transcriptios = w of the input imager. In each iteration the user reads this transcription,
accepting a prefix’ of it. Then, he or she types in some keystrokedp correct some words of the
transcription provided by the system, thereby generatingvaprefixp (the accepted ong plus the
textx added by the user). At this point, the system will suggesitalsie continuatiors to this prefix

p and this process is repeated until a complete and correxsdriation of the input signal is reached.
In the final transcription]’, the user-typed text is typeset in grey color.

Two possible implementations of the CATTI decoder are gididiDynamic” Language Modeling
where on each step a linear LM that accounts for the fixed prefooncatenated with a LM that
accounts forP(s|p); and a faster approach based on word-graphs derived frormitied Viterbi
decoding. The first one is easily solved by the Viterbi aldpon, but the computational cost grows
guadratically with the number on words, on the other hanel setond approximation is suboptimal
but presents a linear computational cost. In the case optharstice, and due to the simplicity of the
task, the first one approximation is taken.
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Lang. Generate

Model |€—1 dinamic
LM

— 7 o

Signal HTR Hypothesis YES

Corpus f—> Decoder —) END
(Viterbi)

HMMs

Reference

Figure 3: Scheme of the CATTI proccess where the prodeas i ?“ simulate the human acctions

5.2 Simulation of CATTI user interaction

To make the experiments reproducible, and to avoid to thedmuiarge quantity of efford, the user
acctions nedded to correct the computer transcriptions beusimulated. As it is shown in the figure
3, the processMach?” receives the system transcription and its reference. dtcsefor the first
erroneous recognized word and correct it. Then a dynamgukage model is generated. A new
Viterbi parsing is done using the new dynamic language modibke process is repeated until the
transcription has no errors.

The script "CATTLsimulation.sh” performs the this process. The tg@mmarTools is used
to generate dynamic language models given a prefix. Takiraid prefix, for example "un millon
cuarenta“ a dynamic language model can be build:

grammar Tool s -s "<s>" "</s>" -i Network -o Dynam cLM\
-p "un mllon cuarenta" -w

If the new language model is used to generate randomly seggeit can be noted than all the sen-
tences begins with the prefix used to generate it.

HSGen -n 100 Dynam cLM Di cti onary

5.3 Examples: CATTI on IAMDB Corpus

The “CATTI _I AVDB. | og” file, placed into the directory$HOVE/ CATTI - Exanpl es/ ”, holds
the output of the shell-scripCATTI _si nul at i on. sh” applied on the IAMDB corpus. To display
this file correcly, be sure to set up the variabESS to:

export LESS=’-XR

We recommend to perform this inkd er mwindow,
xterm &

and when the command line prompt appears, run

| ess ../ CATTI - Exanpl es/ CATTI _| ANDB. | og

11



Into the file “CATTI _I AVDB. | 0g” there are several text blocks such as the bellow two exasnple

(

Green text denotes the reference text of the sample being tran-
scribed.

Red text denotes the user introduced/corrected words (by key-
board).

Blue text. denotes the error-free prefix validated by user before in-
troducing/correcting the following word.

Cyan text: denotes the whole prefix (the validated part plus the cor-
rected word) used by CATTI to suggest the new suffix
continuation.

Black text: denotes the output hypothesis/suffix from CATTI.

Color codes:

Example 1
Jn) 40 pot a WW

| D_Sanpl e: ¢c03-003d-s00
REFERENCE: this is not a filned play
HYPOTHESI S: this is not allowed play
ERRORS: D=1 S=1 1=0

Prefix 1: this is not a
HYPOTHESI S 1: this is not a filnmed play

FI NAL RESULT: this is not a filned play

The line ‘'ERRORS: D=1 S=1 | =0" specifies the error types (D:deletions, S:substitutiors a
l:insertions) and number of them, between the referencehandriginal recognized hypothesis of the
sample.

In this example, without any assistance the user would lwgertect 2 errors (one word deletion:
“a’, and one word substitution:allowed’ by “filmed”). However, using CATTI, just one iteration
would be required to get the final error-free transcriptidlote that, with the insertion of the word
“a”, automatically is changed the next word (substitutiomBrfrom “allowed’ to “filmed”.

12



Example 2

PRESIDENT KENNEDY  revuwwed Jais PLLSAL
on Mz, Hardld Macmillam 1o Pim the

Comvmon Hokek meﬁ Bz todios of Adwmizally
k*oMAL'v@bﬁlﬂu}QQ,w&dllaoﬁ-

| D_Sanpl e: a04- 000-s00

REFERENCE: president kennedy renewed his pressure
on nr harold macmllan to join the
common market during their talks at admralty
house whitehall|l yesterday

HYPOTHESI S: this per cent clay renewed his pressnman
is harold macmllan to join the
comon market during their talks at admralty
house whitehal | yesterday

ERRORS: D=1 S=4 | =2

Prefix 1: president
HYPOTHESI S 1. president kennedy renewed his pressman
is harold macmllan to join the
conmon market during their talks at admralty
house whitehal | yesterday

Prefix 2: president kennedy renewed his pressure
HYPOTHESI S 2: president kennedy renewed his pressure
on the harold macmllan to join the
conmon market during their talks at admralty
house whitehal | yesterday

Prefix 3: president kennedy renewed his pressure on nr
HYPOTHESI S 3: president kennedy renewed his pressure
on nmr harold macmillan to join the
conmon market during their talks at admralty
house whitehal | yesterday

FI NAL RESULT: president kennedy renewed his pressure
on nr harold macmillan to join the
conmon market during their talks at admralty
house whitehal | yesterday

In the example above (larger than previous one) we have thmakrecognized hypothesis differing
with respect to the reference in seven (post-editing) srror

13



e One deletionmr.
e Four substitutionscent by president, clay by Kennedy, pressmanby pressureandis by on,
e Two insertionsthis andper.

Again, only four CATTI user-iterations were enough to get fimal error-free transcription. In
this example, the user have had to introduce three words:

1. presidentto replace the worthis, causing CATTI automatically to remove the two next words
per centand changelay by kennedy.

2. pressureto replacepressman causing CATTI to changes by on, although desafortunately
insert after this the worthe.

3. mr to replacethe.

At the end of the file CATTI _I| AVDB. | og” there is a table similar to this:

HEHBH AR R TR R R R R
Summary Resul ts:
HEHHH AR AR SRR AR R AR AR

#Er/ Phr #Sanp #Err #lter Long-Ref VER WER EFR
*0 97 0 0 426 0. 00 0. 00 0. 00
*1 55 55 58 232 23.71 25.00 -5.45

2 18 36 38 84 42.86 45.24 -5.56
3 11 33 26 57 57.89 45.61 21.21
4 3 12 7 14 85.71 50.00 41.67
5 1 5 3 6 83.33 50.00 40.00
6 2 12 4 8 150.00 50.00 66.67

GLOBAL: 18.50 16.44 11.11 (D=7 S=127 |1=26)
GLOBAL: 57.99 46.15 20.41 (D=4 S=73 1=25) without considering *

where:

e #Er / Phr: number of errors per sentence.

e #Sanp: number of sentences.

e #Err: number of errors.

e #l t er : number of iterations.

e Long- Ref : total number of words in the references.

e \\ER: word error rate.

e WWSR: word stroke ratio or number of CATTI user-iteractions td tiee final tran-

scription.
e EFR: estimated effort reduction, defined by:
WER—-WSR
FFR= -1
R WER 00

14



5.4 CATTI Simulation Tool

The script namedCATTI _si nmul ati on. sh” is in charge to make a simulation of CATTI user
interaction on a given corpus of phrases (features extraétes) and a language model. The imple-
mentation of it, is based on the recognition and evaluatlasps described in section 4. The script
can be run in the following way:

CATTI _sinul ation.sh test.|st hmi hhmm 2/ Macr os_hnm HWsLI st |\
outDir 70 -250 Network Dictionary \
Sanpl esRef. M f |tee | og

It takes 9 arguments:

1. the list of samples files to transcridegst . | st).

the trained HMMs with 2 Gaussians per state (defindahm hnmz2/ Macr os_hmm).
the file with the HMMs names lisHWs LI st ).

the output directory where will be stored the recognizaddcriptionsqut Di r).
the grammmar scale factor (70).

the word insertion penalty (-270).

the file with the model language to perform the recognifidet wor k).

the file with the vocabulanDj ct i onary).

the file with the reference samples in MLF form8a(rpl esRef . i ).

© © N o g~ DN

Its output is similar to the content of fil&CATTI _I AVDB. | 0g”.

6 Proposed Exercises

E-1 Analyze the two CATTI examples previously shown, and lookdthers similar into the file
“CATTI _I| AMDB. | og”; i.e. other 5 examples where the user word corrections ecdlos
CATTI changes automatically their following words.

E-2 Launch the scriptCATTI _si mul at i on. sh”, as is described in 5.4. In the summary results
table located at the end of the output fileog”, there are entries fo#Er / Phr for which the
EFRis negative. Explain and justify what happens in such caseg&e some examples taken
from the 1 og” file.
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Appendixes

A HMMs Training

In the HMM s training process, the following steps take place

1. HMMs Initialization:

nkdir -p hmi hnm O
HConpV -A -T 1 -f 0.01 -m\
-Strain_red.lst -Mhm hmm O proto

The HCompV command computes the global mean and variance of the wleieny sam-
ples set, and puts them intbrim?’ hhrmO/ pr ot 0” file. In addition, the-f 0. 01 argument
creates thetimm? hmmO/ vFl oor s” file containing a floor variance computed as a percent
(0.01) of the global variance. In the HMMs training procdsscause of lacking enough train-
ing samples, there could be cases of Gaussians whose \egamponents fall down below a
previously set threshold. In such cases, these componentd e substituted by the respective
floor variance components.

Once the global mean and variance have been computed atehvimiio the hnm hnmO/ pr ot 0”
file, next step is the generation of theaster macro fildMMF) containing all the HMMs, listed

in the file “HMVB LI st ”, with their respective parameters initialized with thelghl mean and
variance values. This is achieved in the following way:

mkdir -p hnmm hnm 1
head -3 hmi hnm O/ proto > hnm hnm 1/ Macr os_hnmm
cat hnmm hnm 0/ vFl oors >> hmi hnm 1/ Macr os_hnm
for i in $(< HWkLIist); do

tail -n +4 hnm hmm 0/ proto |

sed "s/proto/$i/g" >> hmi hmm 1/ Macros_hnmm
done

2. HMMs training with a mixture of one Gaussian per state rsied out by:

k=1; while [ $k -le 4 ]; do
HERest -A -T 1 -m3 -Strain.lst \
-1 sanple.mf -H hm hnm 1/ Macr os_hnm HMVsLI st
k=$[ k+1]
done

As can be seen, four iterations are made, where the HMMs mdeasnvalues are read, re-
estimated and written again boymi hnm1/ Macr os_hmm

3. Once the HMMs (defined ihmm hnm.1/ Macr os_hnmm) with one Gaussian in the mixture
per state have been trained, it is proceeded to duplicateutmoer of Gaussians for these all
HMMs:
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nkdir -p hmi hmm 2

echo "MJ 2 {*.state[2-7].m x}" > nmult_script

HHEd - A -H hmm hmm_ 1/ Macros_hnmm - M hnml hnrm 2 '\
mul t _scri pt HWsLI st

The commandHHEd is in charge to do this task. It takes as input a script file @ioinig the
line “MU X {*.state[2-D].mix}", where D is the number of the HMMs emission states plus
one (8+1 in this case) plus 1, and X would be equal to 2 if we wamtuplicate the number
of Gaussian, to 4 if we want to quadruplicate them, and so onnfore detailed information
about the syntax of this command, see HHEK manual P]. For the later example, the new
MMF with the duplicate Gaussians, will be storechimm hrm2/ Macr os _hmm

The last two steps (2 and 3) are repeated iteratively olotgim this way MMF with HMMs
trained for different number of Gaussians in the mixtureaxfrestate.

B Performing Recognition of a Complete list of Features Fils

Instead of appending the names of files to recognized (atti®theHVite command), we use the
option: “- S test. | st”as follows:

Hvite -A-T 1 -p -17 -s 50 -S test.Ist \
-H hmm hrmm 32/ Macros_hmm -1 "+’ -i res32.mf \
-w Network Dictionary HWMsLI st

In this case the recognition is carried out on the samples litged int est . | st file, using the
trained HMMs with 32 Gaussians per state (definethmm? hnm32/ Macr os_hnmmfile) and the
lexicon and language model defined respectively in iec't i onar y” and “Net wor k” files. Each
recognized hypothesis is stored in thees32. m f ” file. The arguments-‘s 50”and “-p - 17"
set up the grammar scale factor and word insertion penattyh® recognition process. For more
information about the remaining arguments loop upHi& manual.
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