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PROBLEM STATEMENT

Developing an Automatic Speech Recognition (ASR) system aimed at accurately transcribing spoken language into written text
across diverse domains and accents. The primary focus is on enhancing recognition performance in challenging acoustic

environments and effectively managing out-of-vocabulary words.

This problem statement tackles two main challenges in ASR:
1. Speech Recognition Performance in Challenging Acoustic Conditions
2. Dealing with Out-of-Vocabulary (OOV) Words
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Kaldi Installation



https://github.com/kaldi-asr/kaldi

Data Preparation
04

Automatic Speech Recognition (ASR) using Hidden Markov Models (HMMs) and Gaussian Mixture Models (GMMs) is a conventional method extensively employed in

the field. Here's an overview of the approach involved in ASR using HMMs and GMMs:




Modelling
05

Automatic Speech Recognition (ASR) using Hidden Markov Models (HMMs) and Gaussian Mixture Models (GMMs) is a conventional method extensively employed in

the field. Here's an overview of the approach involved in ASR using HMMs and GMMis:

e Feature Extraction — MFCC from the audio

Spectrogram

{0

Foature
Extraction

25 ms
10 ms apart

l extract
A 4 Frames of acoustic feature vectors

2

each fame contains 39 MFCC features

Row dudio

MFCC

39 features

 Used GMM-HMM Model (2000 HMM states)

* For LM, used SRILM with n-gram as 3

SRILM package with fix for Raspberrypi5:
https://drive.google.com/file/d/1j4pcfoXWMATdM7uF4nCls-m7DBkjQb8p/view?usp=drive_link



Word Error Rate

Substitutions + Deletions + Insertions |
Total number of words on reference

Example Original Audio:
The guick brown fox jumps over the lazy dog

Example Transcribed Audio:
The brown fox jumps again over the crazy dog

WER of the ASR model with test data = 29 %
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ASR System Architecture

Users

Azure Container

Azure Container app

app for Ul . .
PP for microservice

ASR DEMO

uday160386/ai ml asr text (github.com)

uday160386/asr capstone en ui (github.com)

uday160386/asr capstone en ms (github.com)

- Jvain

[ Imtrain.txt
(9 spk

[ spk2utt
[ text

[ trans

(Y utttxt

[ utt2spk

m data
v [ lang
> @ phones
[N Lfst
[Y L_disambig.fst
[ oov.int
[ oov.txt
[ phones.txt
[ topo
[ words.txt

v [ local

~ g dict

[ corpus.txt

[ extra_questions.txt
[ lexicon.txt

[ lexiconp.txt

[ nonsilence_phones.txt

[ optional_silence.txt

™ silence phones.txt

0/


https://github.com/uday160386/ai_ml_asr_text
https://github.com/uday160386/asr_capstone_en_ui
https://github.com/uday160386/asr_capstone_en_ms
https://asrui.ambitiousflower-67f41ae4.southeastasia.azurecontainerapps.io/

ASR System Screenshots

-~ . . .
. User consuming ASR system in a recording mode
ASR for English - cool &
@® @ -Rrecord
¥ - Upload Duration: 1.62 seconds
- make notes by recording -
4 g & :Audio transcription of the audio data: ~
Click to record
hello12
> 0:00/0:01 = o) i
<
A~
ASR for English - cool &
@ - Record s o s
® - upload
G :Audio transcription of the audio data:
~
Choose a WAV file among the lovely plants and Rich Exotics rejoicing the heart of all Turner The Gardener who
sings Polly's first rapturous entrance had taken her into his good graces for all time
Drag and drop files here
Limit 200MB per file « WAV, MP3
| Bre il ‘
D 237-126133-0000.wav %
425.3KB
~

P 0:00/0:13 == DI

User consuming ASR system in a file upload mode
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KEY MILESTONES

This project timeline are divided into key milestones, including platform design,
development, testing, and deployment.

= [ aimlasrtextv 9 main v
3  Project « B run.sh
o = wav.scp

Kaldi Installation Completed B e e

[ test if uname -a | grep 64 >/dev/null; then
2, B train sdir=$KALDI_ROOT/tools/sriln/bin/i686-mé4
. 3 mfce EREE
72 sdir=$KALDI_ROO0T/tools/srilm/bin/i686
r r I ~ [Joutput
~ [0 mono -
if [ -f $sdir/ngram-count ]; then
>
iece echo "Using SRILM lang odelling tool from $sdir"
> Bgraph export PATH=$PATH:$sdir
D V I I I l I lt f I'I I. @ 0.mdl .
. [@ 40.mdl
= 40.0ccs
@ alil.gz
. o
° [@ ali.2.gz i
raining mode .
.
@ ali.4.gz
— local=data/local
= cmvn_opts
gram-count -order $lm_order -write-vocab $local/tmp/vocab-full.txt -wbdiscount -text
.
est mode
.
[ fsts.1.gz 6.fst =====
[ fsts.2.gz
[@ fsts.3.gz
.
D e ' ' l O @ [ fsts.4.gz lang=data/lang
® < Terminal run.sh
=
3 sktop:~/Documents _asr_text$ uname -r
® s.8.0-1018-raspi
sktop:~/Documents/workspace/kaldi/egs/ai_ml_asr_text$ D
Ex]

Oai_ml_asr_text > B run.sh

Current File ~  [> ¥

$local/corpus.txt -1m $local/tmp/1m.arpa

72:50

LF

UTF-8 2 spaces

Python 3.12

o
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ASR using ESPnet

+ Code + Text Disk v + Gemini
Verifying transaction: done TV e B R0 Reason for Failure:

v Executing transaction: done
3¥ . ./activate_python.sh & python3 -m pip install -U numba

Reqm:.rement already sat;sf@ed: numba_in .fanacondafenvs.fespnetllib/python3.Qfsite—paclfages {6.6@.0). hd Limited GPUS and frequent disconneCtS from Data
Requirement already satisfied: llvmlite<@.44,>=0.43.0dev® in ./anaconda/envs/espnet/lib/python3.9/site-packages (from numba) (0.43.0)
* |ssues in installing dependency python packages

Requirement already satisfied: numpy<2.1,>=1.22 in ./anaconda/envs/espnet/lib/python3.9/site-packages (from numba) (2.0.1)
touch numba.done
.factivate_python.sh && ./installers/install_torch.sh "true" "1.12.1" "11.6"
2024-09-24T722:28:40 (install_torch.sh:146:main) [INFO] python_version=3.9.19
2024-09-24T22:28:40 (install_torch.sh:147:main) [INFO] torch_version=1.12.1
2024-09-24T22:28:40 (install_torch.sh:148:main) [INFO] cuda_version=11.6
2024-09-24T22:28:53 (install_torch.sh:9@:install_torch) conda install -y pytorch=1.12.1 torchaudio=0.12.1 cudatoolkit=11.6 -c pytorch -c conda-forge
KeyError('active_prefix_name")
Traceback (most recent call last):
File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/exception_handler.py", line 18, in __call__
return func(xargs, sxkwargs)
File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/cli/main.py", line 52, in main_subshell
from .conda_argparse import do_call, generate_parser, generate_pre_parser
File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/cli/conda_argparse.py", line 51, in <module>
from .main_create import configure_parser as configure_parser_create ——
File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/cli/main_create.py"”, line 16, in <module> o ]iéid—éé—i4‘ri§;éi;§4 oo A iy Sochs 58 Foriie oveocerE dEeey — dimice
—_

Blocker : |./asr.sh --stage 3 --stop_stage 3 --train_set train_nodev --valid_set
train_dev --test_sets "train_dev test" --nj 4

from ..notices import notices utils/copy_data_dir.sh: copied data from data/train_neodev to dump/raw/org/train_nodewv

File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/notices/__init_ .py", line 3, in <module> utils/validate_data_dir.sh: Successfully wvalidated data—directory dump/raw/org/train_nodewv

from .core import notices # noga: F401 2024-09-24T23:01:55 (format_wav_scp.sh:46:main) scripts/audio/format_wav_scp.sh —nj 4 —cmd run.pl —audio—format flac —Ts 16k
File "/content/drive/MyDrive/asr/espnet/tools/anaconda/envs/espnet/lib/python3.9/site-packages/conda/natices/core.py", line 15, in <module> 2024-09-24T23:01:58 (format_wav_scp.sh:118:main) [infol: without segments
4 . / /My / ./ ‘;p ! 0 / fesp / /Py 4 P ges/ d d PY", ! run.pl: 4 / 4 failed, log is in dump/raw/org/train_nodev/logs/fTormat_wav_scp.=#*.log
l—f&ﬂmm-f.ﬂ'.ﬁh——uﬂ“ _ # pyscripts/audio/format_wav_scp.py —Ts 16k —audio-format flac —multi—-columns—input false ——multi-columns—output false dump/r
# Started at Tue Sep 24 23:81:59 UTC 2824
*
e e e e e e e e e e Traceback (most recent call last):

File "/fcontent/drive/MyDrive/asr/espnet/egs2/and/asrl/pyscripts/audio/format_wav_scp.py", line 8, in =<module>
import humanfriendly
ModuleNotFoundError: No module named 'humanfriendly'
# Accounting: time=1 threads=1
# Ended (code 1) at Tue Sep 24 23:02:80 UTC 2024, elapsed time 1 seconds

. . . . " ) " * ipt dio/sf t_wawv_: . —*fs 16k ——audio—F t FL. ——multi-col —i t fal ——multi-col —output fal d
+ [46] !./asr.sh --stage 4 —-stop_stage 4 --train_set train_nodev --valid_set train_dev --test_sets "train_dev test * g{:ﬁ:éz ::a-l:-u:’gegn;i 2;?;1?23 E%: 2324 augte—tomma ac uttEmce tumns—anpy ar=e u bR ee tumns et FeE e
#
3> 2024-09-24T23:03:12 (asr.sh:283:main) ./asr.sh --stage 4 ——stop_stage 4 —-train_set train_nodev --valid_set train_dev —-test_sets train_dev test Traceback (most recent call last):
— . . L= L. - . = = .= - T . File " dri MyDri 2 4 1 i diosf .py", li 8, i dul
2024-09-24T23:03:15 (asr.sh:321:main) Info: The valid_set 'train_dev' is included in the test_sets. '——eval _valid_set true' is set and 'train_dev' is remo\ ‘iﬁpo‘;ﬁ":ﬁ;ﬁ;,;g‘;j‘{y” R S TR S B B S S Tl e S e S S o A R e ST ne an =medute=
2024-09-24T723:03:15 (asr.sh:564:main) Skipped stages: 9 14 15 ModuleNotFoundError: No module named 'humanfriendly’
2024-09-24723:03:15 (asr.sh:799:main) Stage 4: Remove long/short data: dump/raw/org —> dump/raw : gﬁsg;“‘fzgg; ;;1“2:11_:2’2:35;: PharEaTT 1T BB, e Bfm= 6 oo
ut:ILLsfcopy_data_dlr.sr]: copied data 'Frum dump!rw;arg{traln—nudev to dur!'.pfra\:rjtlraln_nadey . # pyscripts/audio/format_wav_scp. fs 16k 77a1'1dicffunnat flac —multi—columns—input false —multi—columns—output false dump/r
utils/validate_data_dir.sh: no such file dump/raw/train_nodev/wav.scp (if this is by design, specify ——no-wav) # Started at Tue Sep 24 23:02:8@ UTC 2024
#*
| & | Traceback (most recent call last):

File "/content/drive/MyDrive/fasr/espnet/egsZ2/and/asrl/pyscripts/audio/format_wav_scp-py", line 8, in <module>
import humanfriendly

Stage 5: Generate token_list from dump/raw/train_nodev/text using BPE. ModuleNotFoundError: No module named 'humanfriendly®
# Accounting: time=1 threads=1
# Ended (code 1) at Tue Sep 24 23:02:81 UTC 2024, elapsed time 1 seconds
# pyscripts/audio/format_wav_scp.py —Tfs 16k —audio—format flac —multi—columns—input false —multi—columns—output false dump/r
# Started at Tue Sep 24 23:82:00 UTC 2024
#

ECRET) L TY-E T

‘l@!.fasr.sh -—stage 5 ——stop_stage 5 —-train_set train_nodev -—valid_set train_dev —-test_sets "train_dev test"

This is important for text processing. Here, we make a dictionary simply using the English characters. We use the sentencepiece toolkit
developed by Google.

3+ 2024-09-24T23:03:23 (asr.sh:283:main) ./asr.sh ——stage 5 —stop_stage 5 ——train_set train_nodev —-valid_set train_dev —test_sets train_dev test My result is shown below:
2024-09-24T23:03:26 (asr.sh:321:main) Info: The valid_set 'train_dev' is included in the test_sets. '--eval_valid_set true' is set and 'train_dev' is remo:
2024-p9-24T23:83:26 (asr.sh:564:main) Skipped stages: 9 14 15
2024-09-24723:03:26 (asr.sh:B77:main) Stage 5: Generate token_list from dump/raw/org/train_nodev/text using BPE ## asr_train_asr_demo_branchformer_raw bpe3@
Traceback (most recent call last): #HA WER
File "/content/drive/MyDrive/asr/espnet/tools/sentencepiece_commands/spm_train", line 9, in <module>
import sentencepiece as spm |dataset |Snt |[Wrd|Corr|Sub|Del|Ins|Err|S.Err|

ModuleNotFoundError: Mo module named 'sentencepiece’

I——l—— |—— === | == | —— | = | ——|
¢ | |decode_asr_asr_model_walid.acc.ave/test |138[773[85.4[11.3[3.4|0.4|15.8|46.9
|decode_asr_asr_model_valid.acc.ave/train_dev|108|591|77.2|15.7]|6.9|0.7|23.4|62.0|

Let's check the content of the dictionary. There are several special symbols, e.g.,
### CER
=hlank- urad far CTC
|Jdataset |Snt|Wrd|Corr|Sub|Del|Ins|Err|S.Err|

ESPnet example Code: |decode_asr_asr_model_valid.acc.ave/test |138]|2565|93.5[|2.9|32.6|1.2|7.8]46.9]|]

|decode_asr_asr_model_valid.acc.ave/train_dev|108|1915|87.8|5.8|7.2|1.8|14.0|62.0|

https://colab.research.google.com/drive/1F5I1XJqgzljBrJr3N_6UgW- g
EPTmMfZIOG by?usp=d rive_Iink Idataset|Snt|Wrd|Corr|Sub|Del]|Ins|Err|S.Err]

e[ e e [
|decode_asr_asr_model_valid.acc.ave/test |138]|2695|93.8|2.8|32.4|1.2|7.4]46.9]
|decode_asr_asr_model_valid.acc.ave/train_dev|108|2015|88.4|4.8|6.8|1.7|13.3|62.80|
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Vosk is a speech recognition toolkit. The best things in Vosk are:
Supports 20+ languages and dialects - English, Indian English, German, French, Spanish, Portuguese, Chinese, Russian, Turkish, Vietnamese,
Italian, Dutch, Catalan, Arabic, Greek, Farsi, Filipino, Ukrainian, Kazakh, Swedish, Japanese, Esperanto, Hindi, Czech, Polish, Uzbek, Korean, Breton,
Gujarati, Tajik.

Works offline, even on lightweight devices - Raspberry Pi, Android, iOS

Provides streaming API for the best user experience (unlike popular speech-recognition python packages)
There are bindings for different programming languages, too - java/csharp/javascript etc.

Allows quick reconfiguration of vocabulary for best accuracy.

Supports speaker identification beside simple speech recognition.

EXPLORER @ asr-testpy X

v ASR_VOSK_UTILITY @ asr-test.py > ...
> venv import wave
i 61-70968-0000wav RO B

& asr
@ asr-test.py import ssl

(© README.md ssl._create_default_https_context = ssl._create_unverified_context
= requirements.txt
from vosk import Model, KaldiRecognizer
Model d:
wf = wave.open(sys.argv[1], "rb") O e S use :
if wf.getnchannels() != 1 or wf.getsampwidth() != 2 or wf.getcomptype() != "NONE":
sys.exit{1)

model = Model{lang="en-us")

14
asr_rec = KaldiRecognizer{model, wf.getframerate())
asr_rec.SetWords(True)

asr_rec.SetPartialWords(True) SO u rce COd e :

while True:
data = wf. readframes(4000)
if len{data) == @:
break

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL PORTS AZURE POSTMAN CONSOLE

"conf" : 1.000000,
"end" : 4.200000,
"start" : 4.050000,
neord” @ "on"

{

"conf" : 1.000000,
"end" : 4.290000,
"start" : 4.200000,
u:mrdu : "ihe'

"conf" : 1.000000,
"end" : 4.710000,
"start" : 4.290000,
"word" : "left"
H,
> OUTLINE "text" : "he began a confused complaint against the wizard who had vanished behind the curtain on the left"

}
> TIMELINE (venv) (base) udaykumar@Udays-MBP asr_vosk_utility % [l


https://github.com/uday160386/asr_vosk_utility.git
https://medium.com/@sue_nlp/explaining-rnnlm-in-natural-language-processing-nlp-in-depth-and-in-an-easy-to-understand-way-91acb1df2148
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