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1. Project Introduction

2.Linux and Bash Introduction
3. Feature Extraction

4. Homework



Project Introduction
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= Conventional ASR system
* Widely used in commercial system

= Deep learning based ASR system
* Widely studied in recent years

» Both will be implemented in this project with
Kaldi toolkit



Schedule

P )
Progress Group

1 Introduction + Linux intro+ Feature extraction

5 Acoustic model training : monophone &
triphone

3 Language model training + Decoding
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How to do recognition?
N

¢ How to map speech O to a word sequence W ¢

W = arg max P(W|0)
P(O|W)P(W)
= argmax 50}
= argmax P(O|W)P(W)

¢ P(O|W): acoustic model
¢ P(W): language model



Language model P(W)

oW =w,w,, Wy ..., W

n

P(W) = POW)PWW,IW) | | POWH W2, W)
1=3



Language model examples

log Prob
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Acoustic Model P(O | W)

¢ Model of a phone
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Lexicon
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CH_# CH_y

CH_ b CH_a CH_n#

CH t CH o CH_N#

CH k CH_ @

CH_k CH_@

CH k CH_a CH_u

CH dzi CH_ i

CH_tsc CH_@ CH_n#
CH_tsi CH_i CH_E CH_n#
CH_tsc CH_a CH_N#
CH dz CH u CH e CH_ i
CH d CH a CH_1i

CH b CH e cH_1i

CH_f CH_a

CH f CH_a CH_N#

CH d CH u CH e CH_1i
CH_t CH_a CH_u

CH_h CH_@

CH dzi CH_1i

CH dzi CH_i CH_E CH_n#
CH_dzi CH vy CH_E
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CH si CH_ i CH_a CH_N#
CH dzc CH_Uc
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CH_sc CH_a CH_N#
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Linux and Bash Introduction



Vim
-
o UNEIEIIH

. vim hello.txt
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Screen

A
o BEE N WRRAERMEINEE—FFHMKE 7 -
AKX o LlfFEHscreen - BEFEAAMT
1. — & A&+ "screen" - BEA [screenfE AR - FA)ZEAE[E
2. MR ERE R thscreent 2 A "exit"
3. MREFREANEILALEMEM  EE2EEKD
#Z#"Ctrl + a" + "d"BiFscreentE (LS E I T A2 =0 0 A Z EfiR)
4. FREAR - $]"screen -r"wh o] LAk [E] Z BiSL Bt RV screenlE ~
5.%7" screen -r" EFZHERZEREERscreen - B ARERN
screen id B O] ( #XAIELFHT )

o EEMEBIEEN - T/EJoIRIEETI
o tOPIHtmMux - tmuxig 2B EZINEERIscreen



Linux Shell Script Basics
N

4
4
4

echo "Hello” (print “hello” on the screen)

a=ABC (assign ABC to a)
echo $a (will print ABC on the screen, $: HY
FREE)

b=%a.log (assign ABC.log to b)
cat $b > testfile (write “ABC.log” to testfile)

5= -h (will output the help information)



Bash Example

count=99
[ $count —eq 100 |

echo "Count is 100"
[ $count —gt 100 ]

echo "Count is greater than 100"

echo "Count is less than 100"

[ $i -1t 10 ]

echo $i
i=$(($i+1))
B/ \ESE (xxX)): ToRCEEE

(( i=1: i<=10: i=i+1 ))

echo $i




Bash script
N

o [condition] uses ‘test’ to check. Ex.test-e ~/tmp; echo $?

o File[-efilename] $7: BV F—EIES W EIEE
o -e &% '1ERL EATFEE?
o -f % "1ER. eEaFTEEAEE(ile)?
o -d &% "ER. EaFEHES&HEE(directory)?

e Number[nl-eqn2]
o -eq equal (nl==n2)
o -ne notequal (nl!'=n2)
o -gt greaterthan (n1>n2)
a -t lessthan (nl<n2)
o -ge greaterorequal (n1>=n2)
o -le lessthanorequal (n1<=n2)

o SPACE COUNTS!H



Bash script
S

¢ Logic
o -a and
a -0 or
a ! negation
[ ll$y —_— ll _O ll$ynll —_— llyll ]
[ ll$yn —_— 1 ] || [ ll$ynll —_— llyll ]

¢ Don’t forget the space and the double quote!!!!



Bash script

2 4
o operation

echo Is

my_date=date

echo $my_date

o && || ; operation

echo hello || echo no~

echo hello && echo no~

[ -ftmp ] && cat tmp || echo "file not found”

[ -ftmp ] ; cat tmp ; echo "file not found”

o Some useful commands.

grep, sed, touch, awk, In




Bash script

= Pipeline
= programl | program?2 | program3
= echo "hello” |teelog

= More information about pipeline:
http://www.gnu.org/software/bash/manual/html| node/Pipelines.html

Text terminal

Is -l | tee file.txt | less [Keyboard
q

Program 1

stdout r stdin
' stdout/stdin
[ Display
o stdout/stdin
file .txt
aigout Program 3



http://www.gnu.org/software/bash/manual/html_node/Pipelines.html

Bash script
1

* |nput / output for bash:

cmd > logfile  # 1% stdout ZE Alogfile - stderr ElRE =
cmd > logfile 2>&1  # i§stdout ~ stderr ZEIZE 2! logfile
cmd <inputfile 2>errorfile | grep stdoutfile

= More Information about bash input/output:
http://tidp.org/LDP/Bash-Beginners-
Guide/html/sect_08_02.html



http://tldp.org/LDP/Bash-Beginners-Guide/html/sect_08_02.html

Feature Extraction

02.extract.feat.sh
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Feature Extraction - MFCC
3
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MFCC (Mel-frequency cepstral coefficients)

windowed | Discrete Mel-scale Inverse |
speech —»| Fourier Filter 4 log(| |*) —»! Discrete » MECC
samples Transform Bank Fourier

Transform

Mel-spaced filterbank

13 dimensions vector
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Extract Feature (02.extract.feat.sh)

Eche G " Training Set
target=train g |nput OUtDUt
B / .extract.log
compute-mfcc-feats scp:material/Starget.wav.scp ark,t,:cp: .13.ark; .13.scp) 2>
ﬁ. :
Archive Sk
SRl i | Development Set
1 g,'= / .extract.log
comEute-mfcc-feats scp:material/ .wav.scp ark,t,scp: / 13 ark; / .13.scp 2>
U
echo " -' Testing Set
target=test
log= / .extract.log
comEute—mfcc-feats scp:material/ .wav.scp ark,t,scp: / .13.ark, / .13.scp >
O



Kaldi rspecifier & wspecifier format
I

¢ ark:<ark

wavits « mfcctg - statisticslHES

file> AZ/NERRIEZEE - o2

o scp:<scp file> —FERMNIETR - Ogeia[O
&R 4& 2 (W F IR material/train.wav.scp) -

th o] LAte

e arkt<ar

ojarktig PRI &
< file> i X F1EZEMark - Hﬂ@au/\

5t

; ANt FREREI G EUST

. ark,scp:<ark file>, <scp file> Bz Harkt

Mscpia



Extract Feature (O2.extract.feat.sh)
I

compute-mfcc-feats
add-deltas
compute-cmvn-stats

*® & ¢ o

apply-cmvn



MFCC — Add delta

¢ add-deltas

Deltas and Delta-Deltas

RFMFCCRIALL R AN (B — R B R )
TIAZ8IP - [F1SA84EE 394

¢ Usage :

* o

Add deltas (typically to raw mfcc or plp features
Usage: add-deltas [options] in-rspecifier out-wspecifier

Options:

--delta-order : Order of delta computation (int, default = 2)

--delta-window : Parameter controlling window for delta computation (actual window size for each delta order is 1 + 2*
elta-window-size) (int, default = 2)

--truncate : If nonzero, first truncate features to this dimension. (int, default = @)




MFCC — CMVN
N
o CMVN :

¢ Cepstral Mean and Variance Normalization



MFCC — CMVN

¢ compute-cmvn-stats

¢ Usage .

Compute cepstral mean and variance normalization statistics

If wspecifier provided: per-utterance by default, or per-speaker if

spk2utt option provided; if wxfilename: global

Usage: compute-cmvn-stats [options] feats-rspecifier (stats-wspecifier|stats-wxfilename)

Options:

--binary : write in binary mode (applies only to global CMN/CVN) (bool, default = true)

--spk2utt : rspecifier for speaker to utterance-list map (string, default = "")

--weights : rspecifier for a vector of floats for each utterance, that's a per-frame weight. (string, default = '
)

¢ apply-cmvn
¢ Usage :

\pply cepstral mean and (optionally) variance normalization
Per-utterance by default, or per-speaker if utt2spk option provided
Usage: apply-cmvn [options] (cmvn-stats-rspecifier|cmvn-stats-rxfilename) feats-rspecifier feats-wspecifier

Options:

- -NOTM- Mg : You can set this to false to turn off mean normalization. MNote, the same can be achieved by using
ke' CMVN ; see the --fake option to compute_cmvn_stats.sh (bool, default = true)

--norm-va If true, normalize variances. (bool, default = false)
--utt2spk : rspecifier for utterance to speaker map (string, default = "")




Hint (Important!!
I

o compute-mfcc-feats
> outputZark:$path/$target.13.ark
o add-deltas [input] [output]
> [linput] = ark:$path/$target.13.ark
> [output] = x
o compute-cmvn-stats [input] [comput_result]
> [input] = x
o apply-cmvn [comput_result] [input] [output]
> [output] MUST BE

ark,t,scp:$path/$target.39.cmvn.ark,$path/$target.39.cmvn.scp

o rm -f [output] [comput_result]



MFCC — CMVN
T
o CMVN :

¢ Cepstral Mean and Variance Normalization



Homework

Linux, background knowledge
O1.format.sh, 02.extract.feat.sh



Homework
28

MRIRELAEEZERLE Linux %\,ﬁﬁ’]%%ﬂz . GBS

?E%E Llnux ARMNTES °

VAR

Q

STWLinux FhEE

FETELinux BB HREE
http://linux.vbird.org/linux_basic/0220filemanager.

php

T Evim 20 REE =S
http://linux.vbird.org/linux_basic/0310vi.php



http://linux.vbird.org/linux_basic/0220filemanager.php
http://linux.vbird.org/linux_basic/0310vi.php

Homework (optional)
N

P SE=

o FERANMEARMKERERRNERESEERE L

S\z%&n %EI: 15//3” n':Il::l_LI:l in _";‘::E
ohttps://www.dropbox.com/s/dsagh6xa9dp3dzw/wfst thesis.pdf

+ Kaldi documentation :
ohttp://kaldi-asr.org/doc/tools.html



https://www.dropbox.com/s/dsaqh6xa9dp3dzw/wfst_thesis.pdf
http://kaldi-asr.org/doc/tools.html

Login Workstation

N
¢ By pletty/putty/Xshell
ssh 140.112.21.80 port 22

¢ By terminal
ssh -p 22 username@140.112.21.80



Data

o BEMIEEREHCHXBHETN
cp /share/projl. ASTI\/IIC subset.tar.gz ~/.

o FBRBR4R |
tar -zxvf proj1. ASTMIC.subset.tar.gz




To Do: Feature Extraction
S

¢ Step 1: Execute the following command:

¢ script/O1.formatsh | tee log/01.format.log

¢ script/02.extract.feat.sh | tee log/02.extract.feat.sh.log
& Step 2:

¢ Add-delta

¢ CMVN

¢ Observe the output and report



Hint (Important!!
I

o compute-mfcc-feats
> outputZark:$path/$target.13.ark
o add-deltas [input] [output]
> [linput] = ark:$path/$target.13.ark
> [output] = x
o compute-cmvn-stats [input] [comput_result]
> [input] = x
o apply-cmvn [comput_result] [input] [output]
> [output] MUST BE

ark,t,scp:$path/$target.39.cmvn.ark,$path/$target.39.cmvn.scp

o rm -f [output] [comput_result]
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TRIRERSEIR

5. BRARXEKABMRARCcuda library - K%QD%E%%
lEXFEFEHSIRARcuda library - 3 177]I]Lpath

S MEFEBMcudaliARE - SRR
HS+
= .

6. HF_ BB (EZEZAF{ERvirtual

environment - Ex: virtualenv, conda%Z - thoJPU{EF
pip --user IFFHEZHIpackage Elocallm

7. & K;CE_J’EIYEE@pythonZiEEE?JfﬁE’\ﬁrifﬁ - ElziE
ﬁéﬁﬁ’]zﬂﬁ -5 B ZIgpythoni® -




HityF 2518

+ Problems about the project:
o Facebook Group : EfUEEEE

o DSP Website:
http://s eech ee.ntu.edu.tw/courses.htmi
‘ Nntu.edu.tw

¢ Problems about the workstatlon:
o Facebook Group ;: BfUEEEE
o Workstation TA EeRaE I58922080@ntu edu.tw



https://www.facebook.com/groups/736151333099877/
http://speech.ee.ntu.edu.tw/courses.html
mailto:r07942076@ntu.edu.tw
https://www.facebook.com/groups/736151333099877/
mailto:r08922080@ntu.edu.tw

HityF 2518

¢ You are encouraged to post your problems on

the Facebook group. Your problems may be
others’ too.

¢ Always clearly specify your problem with the
error message or screenshots of your
code/results/error, or nobody could help you.

o Startearly!!!



HityF 2518

o AAXBUVERLTMUIEABCEBAER .
https://reurl.cc/4R5k93

Ofx0
[=]

o FIEASEASRIHENFEHAIAM -

o FBRIMERI—KME 23:59:59 7S L
https //reurl.cc/4R5kDv - #—1F I E Bl S



https://reurl.cc/4R5k93
https://reurl.cc/4R5kDv

