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1. 음성인식개요

• 1.1 음성인식 –기존방식(the classic way)

•음성인식 시스템 : 텍스트 시퀀스 𝑌 = 𝑦1𝑦2…𝑦𝐿로부터 음향 특징열(audio 

features) 𝑋 = 𝑥1𝑥2…𝑥𝑇로 매핑하기 위한 음성의 통계모델을 구축하고

•음성인식 : 입력 음성에 대하여 해당모델을 탐색하여 텍스트를 출력한다.
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1.1 음성인식- 기존방식(cont.)

•구성요소별로제각각의모델을사용하고있다.
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1.1 음성인식- 기존방식(cont.)

•추론(인식)

•음향특징이 주어지면 이 음향특징을 가장 잘 만들어 낼 수 있는 모델을 탐

색하여 텍스트 (문자열)를 출력한다.
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1.2 신경망 음성인식

•신경망음성인식의필요성

•각각의 구성요소들은 기존방식의 성능이 신경망보다 더 좋아 보인다.
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1.2 신경망 음성인식(cont.)

•그러나

•구성요소들은 제 각각의 목적을 가지고 독립적으로 훈련된다.

•한 구성요소의 오류(error)은 다른 구성요소의 오류와 잘 어울리지 못한
다.(Errors in one component may not behave with errors in another 
component)

•모든 요소들을 하나로 묶어서 훈련하기.(end-to-end model)

•기술

• Connectionist Temporal Classification(CTC)

• Sequence to sequence with attention

• Amazing work was already done

• Mozilla DeepSpeech (TensorFlow)

• deepspeech.pytorch (PyTorch)

• KerasDeepSpeech (Keras)
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https://github.com/mozilla/DeepSpeech
https://github.com/SeanNaren/deepspeech.pytorch
https://github.com/robmsmt/KerasDeepSpeech


1.2 신경망 음성인식(cont.)

• End-to-end speech recognition as modeling task

• Given audio 𝑋 = 𝑥1𝑥2…𝑥𝑇 and corresponding output text 𝑌 = 𝑦1𝑦…𝑦𝐿
where 𝑦 ∈ 𝑎, 𝑏, 𝑐, … , 𝑧, ? , !, …

• Y is just a text sequence(transcript), X is the audio /processed
spectrogram.

• Perform speech recognition, by learning a probabilistic model p(Y|X)
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2. Connectionist Temporal Classification(CTC)

• CTC – a portable model p(Y|X), where 

• 𝑋 = 𝑥1𝑥2…𝑥𝑇,

• 𝑌 = 𝑦1𝑦2…𝑦𝐿 ,

• 𝑇 ≥ 𝐿,

• has a specific structure that is suited for speech.
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2. Connectionist Temporal Classification(Cont.)
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2. Connectionist Temporal Classification(Cont.)

• CTC- How frame predictions map to output?

12



2. Connectionist Temporal Classification(Cont.)
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2. Connectionist Temporal Classification(Cont.)

• Some examples 
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2. Connectionist Temporal Classification(Cont.)

• Language Model과 CTC
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2. Connectionist Temporal Classification(Cont.)

• CTC – with word targets
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3. 음성인식, seq-to-seq와 attention

•음성인식, attention and Sequence-to-sequence 
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3. 음성인식, seq-to-seq와 attention(cont.)

• Attention example
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3. 음성인식, seq-to-seq와 attention(cont.)

• Encoder-decoder  와 attention mechanism
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3. 음성인식, seq-to-seq와 attention(cont.)

• Attention example
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4. CTC 음성인식 시스템
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4.1 Dataset 생성

• TMIT dataset

• TIMIT Acoustic-Phonetic Continuous Speech Corpus

• https://catalog.ldc.upenn.edu/ldc93s1

• https://catalog.ldc.upenn.edu/docs/LDC93S2/TIMIT.TXT

• TIMIT

• TIMIT is a corpus of phonemically and lexically transcribed speech of American English speakers of 
different sexes and dialects. Each transcribed element has been delineated in time.

• TIMIT was designed to further acoustic-phonetic knowledge and automatic speech recognition 
systems. It was commissioned by DARPA and corpus design was a joint effort between the 
Massachusetts Institute of Technology, SRI International, and Texas Instruments (TI). The speech 
was recorded at TI, transcribed at MIT, and verified and prepared for publishing by the National 
Institute of Standards and Technology (NIST).[1] There is also a telephone bandwidth version called 
NTIMIT (Network TIMIT).

• TIMIT and NTIMIT are not freely available — either membership of the Linguistic Data Consortium, 
or a monetary payment, is required for access to the dataset.
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https://catalog.ldc.upenn.edu/ldc93s1
https://catalog.ldc.upenn.edu/docs/LDC93S2/TIMIT.TXT
https://en.wikipedia.org/wiki/American_English
https://en.wikipedia.org/wiki/DARPA
https://en.wikipedia.org/wiki/Massachusetts_Institute_of_Technology
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https://en.wikipedia.org/wiki/Texas_Instruments
https://en.wikipedia.org/wiki/National_Institute_of_Standards_and_Technology
https://en.wikipedia.org/wiki/TIMIT#cite_note-1
https://en.wikipedia.org/wiki/Linguistic_Data_Consortium


4.1 Dataset 생성(cont.)

• Training/test data

• LDC93S1.wav

• 16KHz,93594B,shape=(46797,)

• LDC93S1.txt

• '0 46797 She had your dark suit in greasy wash water all year.\n‘
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4.1 Dataset 생성(cont.)

• Train dataset 

24

import scipy.io.wavfile as wav

audio_filename = LDC93S1.wav’

target_filename = LDC93S1.txt'

fs, audio = wav.read(audio_filename)

inputs   = mfcc(audio, samplerate=fs)

train_inputs = np.reshape(inputs,(1,-1,13))

train_inputs = (train_inputs - np.mean(train_inputs))/np.std(train_inputs)

train_seq_len = [train_inputs.shape[1]]  

train_inputs (1,291,13)

array([[[  7.07865742, -25.0219473 ,  -6.32589368, ...,  -4.32991717,    -3.98560931,  -1.78402763],

[  7.16654419, -25.24814281,  -1.60271255, ...,   2.74616587,       -2.55490863,   2.81827641],

...,

[  8.22333051, -21.97670506, -26.42023311, ...,  -8.50371043,     1.8066162 ,   2.84506726]]])

Inputs (291,13)

array([[  7.07865742, -25.0219473 ,  -6.32589368, ...,  -4.32991717,    -3.98560931,  -1.78402763],

[  7.16654419, -25.24814281,  -1.60271255, ...,   2.74616587,       -2.55490863,   2.81827641],

...,

[  8.22333051, -21.97670506, -26.42023311, ...,  -8.50371043,     1.8066162 ,   2.84506726]])

train_inputs (1,291,13)

array([[[ 0.72197885, -1.22595829, -0.09143956, ...,  0.02968079,          0.05057417,  0.18417112],

[ 0.72731201, -1.23968434,  0.19517373, ...,  0.45907348,          0.13739232,  0.46344931],

...,

[ 0.79144019, -1.04116612, -1.31080943, ..., -0.2235944 ,          0.40205949,  0.46507504]]])

[291]

import time

import scipy.io.wavfile as wav

import numpy as np

from python_speech_features import mfcc

from utils import sparse_tuple_from as sparse_tuple_from



4.1 Dataset 생성(cont.)

• Target dataset 
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alphabet=[' ']+[chr(c) for c in range(ord('a'),ord('z')+1)] #[' ' 'a' 'b' ...'z']

ch2code={ch:c for c,ch in enumerate(alphabet)} #{' ': 0, 'a': 1, 'b': 2, 'c': 3, 'd': 4, 'e': 5, 'f': 6, 'g': 7, 'h': 8, 'i': 9, 'j': 10, 'k': 11, 'l': 12, ...}

code2ch={c:ch for c,ch in enumerate(alphabet)}

target_filename = ‘LDC93S1.txt'

lines=open(targetfilename,’r’).readlines() #(1) ['0 46797 She had your dark suit in greasy wash water all year.\n']

original = ' '.join(lines[0].strip().lower().split(' ')[2:]).replace('.', ‘’) # 'she had your dark suit in greasy wash water all year’

targets  = [ch2code for c in original] # [19, 8, 5, 0, 8, 1, 4, ...18]

train_targets = sparse_tuple_from([targets]) #(array([[ 0, 0],[0,1],..[0,51]], dtype=int64), #(52,2)

array([19, 8, 5, 0,...,1, 18],dtype=int64), #(52,)

dense_shape=array([ 1, 52], dtype=int64)) #(2,)

# A validation dataset :

val_inputs, val_targets, val_seq_len = train_inputs, train_targets,train_seq_len

val_inputs

array([[[ 0.72197885, -1.22595829, -0.09143956, ...,  0.02968079,         0.05057417, 0.18417112],

...,

[ 0.79144019, -1.04116612, -1.31080943, ..., -0.2235944 ,         0.40205949,  0.46507504]]])

val_targets

(array([[ 0, 0],[0,1],..[0,51]], dtype=int64),

array([19, 8, 5, 0,...,1, 18],dtype=int64),

dense_shape=array([ 1, 52], dtype=int64))

val_seq_len :   291



4.1 Dataset 생성(cont.)
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train_inputs (0,291,13)

array([[[ 0.72197885, -1.22595829, -0.09143956, ...,  0.02968079,          0.05057417,  0.18417112],

...,

[ 0.79144019, -1.04116612, -1.31080943, ..., -0.2235944 ,          0.40205949,  0.46507504]]])

train_seq_len (1,)

[  291]

train_targers (3,)   (52,2),(52,),(2,)

(   array([[ 0,  0], [ 0,  1], [ 0,  2], …  [ 0, 51]], dtype=int64), array([19, 8, 5, 0,...,1, 18],dtype=int64), dense_shape=array([ 1, 52], dtype=int64))

val_inputs (0,291,13)

array([[[ 0.72197885, -1.22595829, -0.09143956, ...,  0.02968079,          0.05057417,  0.18417112],

...,

[ 0.79144019, -1.04116612, -1.31080943, ..., -0.2235944 ,          0.40205949,  0.46507504]]])

val_seq_len

291

val_targers (3,)   (52,2),(52,),(2,)

(   array([[ 0,  0], [ 0,  1], [ 0,  2], …  [ 0, 51]], dtype=int64), array([19, 8, 5, 0,...,1, 18],dtype=int64), dense_shape=array([ 1, 52], dtype=int64))



4.2 CTC ASR model

• Hyper parameters
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# Some configs

alphabet=[' ']+[chr(c) for c in range(ord('a'),ord('z')+1)] #[' ' 'a' 'b' ...'z']

ch2code={ch:c for c,ch in enumerate(alphabet)}

code2ch={c:ch for c,ch in enumerate(alphabet)}

#{' ': 0, 'a': 1, 'b': 2, 'c': 3, 'd': 4, 'e': 5, 'f': 6, 'g': 7, 'h': 8, 'i': 9, 'j': 10, 'k': 11, 'l': 12, ...}

# Hyper-parameters

num_features = 13 # feature mffc 차수
num_units =50 # Number of units in the LSTM cell

num_classes =len(alphabet) # 27

num_layers = 1 # lstm rnn layer

num_epochs = 100 #

batch_size = 1 #

initial_learning_rate = 1e-2

momentum = 0.9 # training parameter

num_examples = 1 # max example number

num_batches_per_epoch = int(num_examples/batch_size) #



logits

4.2 CTC ASR model
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cells = [tf.nn.rnn_cell.LSTMCell(num_units)  for _ range(num_layers) ]

stack = tf.nn.rnn_cell.MultiRNNCell(cells)

outputs0, _ = tf.nn.dynamic_rnn(stack, inputs, seq_len, dtype=tf.float32)

shape = tf.shape(inputs)

batch_s, max_timesteps = shape[0], shape[1]

outputs = tf.reshape(outputs0, [-1, num_hidden])

logits0 = tf.layers.dense(outputs,num_classes,activation=None) 

logits1 = tf.reshape(logits0, [batch_s, -1, num_classes])

logits = tf.transpose(logits1, (1, 0, 2))

ctc_loss

Optimizer

…

ctc_greedy_decoder

edit_distance

ler

feature extraction

train_target

loss = tf.nn.ctc_loss(targets, logits, seq_len) 

cost= tf.reduce_mean(loss)

optimizer = 

tf.train.MomentumOptimizer(initial_learning_rate,  

0.9).minimize(cost)

dcoded, log_prob = 

tf.nn.ctc_greedy_decoder(logits, 

seq_len)

ler = 

tf.reduce_mean(tf.edit_distance(tf

.cast(decoded[0], tf.int32),  

self.targets))

train_inputs

ouputs0

ouputs

logits0

optimizer

train_seq_len

ecoded cost
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inputs:(3,)   ((4,4) (6,4)  (4,4))
[array([[-0.6876526 , -0.4449298 ,  1.049204  ,  0.45081407],

[ 0.34290984,  0.38235345, -0.77697825,  1.3119483 ],
[ 0.12359548, -0.4051013 ,  0.8457591 , -1.3446374 ],
[-0.8168718 ,  0.15581544,  1.7109454 ,  0.68036443]],
dtype=float32)

array([[-0.32760054,  1.7909838 , -0.64140093, -0.47615314],
[ 0.6111526 ,  1.4350855 ,  1.5237921 ,  0.4349823 ],
[ 0.6082085 ,  0.15383737, -1.4190274 ,  1.0250797 ],
[-0.9086777 ,  0.5417999 , -0.71691895,  0.00940917],
[-0.09659185,  0.47538605, -0.41471446, -1.1005498 ],
[-2.1820064 ,  1.7364386 ,  2.8513548 ,  0.8229001 ]],
dtype=float32)

array([[-0.67307454, -0.11945027,  0.9255997 ,  2.4126503 ],
[ 0.7464948 ,  1.2977355 ,  0.8229865 ,  1.7041056 ],
[-0.0643647 ,  0.64491385,  1.089884  ,  1.6388392 ],
[-0.00347048, -0.7640366 ,  0.7786227 , -0.5764215 ]],
dtype=float32)]

targets:(3,)
[array([5, 5], 
dtype=int64) 

array([2, 0], 
dtype=int64)

array([3], 
dtype=int64)

num_examples=3; num_features=4; num_classes=8(8+1);  num_units = 5  

ouputs0:(3, 6, 5)=rnn(lstm(num_units=5),inputs,seq_len=[4,6,4]])
[[[ 0.22251584 -0.25205317  0.45003903  0.11799399  0.6036431 ]
[ 0.43224868 -0.01831267  0.14647628 -0.02898286 -0.11386187]
[ 0.20574221 -0.36022937  0.42626762  0.07788736  0.38363698]
[ 0.58139867 -0.470982    0.66224843  0.23392873  0.8179126 ]
[ 0.          0.          0.          0.          0.        ]
[ 0.          0.          0.          0.          0.        ]]

[[-0.26760483  0.4420762  -0.44328085 -0.17935988 -0.37502208]
[ 0.15492901  0.4820558  -0.35484442 -0.5261515  -0.75339603]
[-0.27329874  0.3937921  -0.524049   -0.49579674 -0.57045555]
[-0.44105944  0.63578165 -0.7666836  -0.4011293  -0.6473631 ]
[-0.33494404  0.71433866 -0.7929684  -0.37143773 -0.39454642]
[-0.13126063  0.8114905  -0.83039004 -0.62812567  0.18657665]]

[[ 0.5672871  -0.13315794  0.47310093 -0.20868397 -0.6101549 ]
[ 0.8167351  -0.0947417   0.6788795  -0.5986903  -0.8386651 ]
[ 0.90435195 -0.24913134  0.8525947  -0.682692   -0.93658966]
[ 0.69125116 -0.46754947  0.8683767  -0.43825883 -0.73035365]
[ 0.          0.          0.          0.          0.        ]
[ 0.          0.          0.          0.          0.        ]]]

ouputs:(18, 5) =reshape(output0, [-1.num_hidden=5])
[[ 0.22251584 -0.25205317  0.45003903  0.11799399  0.6036431 ]
[ 0.43224868 -0.01831267  0.14647628 -0.02898286 -0.11386187]
[ 0.20574221 -0.36022937  0.42626762  0.07788736  0.38363698]
[ 0.58139867 -0.470982    0.66224843  0.23392873  0.8179126 ]
[ 0.          0.          0.          0.          0.        ]
[ 0.          0.          0.          0.          0.        ]
[-0.26760483  0.4420762  -0.44328085 -0.17935988 -0.37502208]
[ 0.15492901  0.4820558  -0.35484442 -0.5261515  -0.75339603]
[-0.27329874  0.3937921  -0.524049   -0.49579674 -0.57045555]
[-0.44105944  0.63578165 -0.7666836  -0.4011293  -0.6473631 ]
[-0.33494404  0.71433866 -0.7929684  -0.37143773 -0.39454642]
[-0.13126063  0.8114905  -0.83039004 -0.62812567  0.18657665]
[ 0.5672871  -0.13315794  0.47310093 -0.20868397 -0.6101549 ]
[ 0.8167351  -0.0947417   0.6788795  -0.5986903  -0.8386651 ]
[ 0.90435195 -0.24913134  0.8525947  -0.682692   -0.93658966]
[ 0.69125116 -0.46754947  0.8683767  -0.43825883 -0.73035365]
[ 0.          0.          0.          0.          0.        ]
[ 0.          0.          0.          0.          0.        ]]

logits0:(18, 8) = dense(outputs,num_classes=8)
[[-0.9280218  -1.8045325  -0.68495935  0.5426107  -1.8653798   4.110873  -1.7798609   2.2875605 ]
[-0.14943197 -1.9516745   0.2661252   1.0902121  -1.9360601   1.4300921   -1.9269892   3.1968923 ]
[-0.93730175 -1.793033   -0.51408404  0.7921333  -1.8442494   3.5639648  -1.743907    2.4544852 ]
[-1.7737857  -1.9477065  -1.424859    1.2414196  -2.0028422   5.3433642  -1.887939    2.304056  ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168   1.4889294  -1.7140484   2.7563684 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168   1.4889294  -1.7140484   2.7563684 ]
[ 1.7714039  -1.6429461   1.7430081  -0.7886632  -1.6467034  -0.7623123  -1.6906673   3.0249548 ]
[ 1.6112201  -1.8933824   1.8283298   0.5572848  -1.8310149  -1.934924  -1.9494001   3.7281141 ]
[ 2.0065188  -1.6460155   2.0205228  -0.5262842  -1.6335787  -1.6081942  -1.7020456   3.1967413 ]
[ 2.718579   -1.5759809   2.5345943  -1.263654   -1.5639644  -2.3390884  -1.6553816   3.2032304 ]
[ 2.7293572  -1.6167042   2.3151386  -1.4780519  -1.609092   -1.7380913  -1.716124    3.0673676 ]
[ 2.7755308  -1.6923783   1.8206263  -1.7779529  -1.6960293  -0.5105566  -1.854422    2.7049701 ]
[-0.7359055  -2.0762694   0.2817074   2.5182047  -2.0220516   0.52489704  -2.0259986   3.742854  ]
[-1.0007772  -2.2518601   0.232059    3.6622834  -2.1562378  -0.14092624  -2.2268133   4.1684256 ]
[-1.4438432  -2.3001847   0.03063124  4.3065047  -2.1964982  -0.06661761  -2.2551336   4.288627  ]
[-1.6864976  -2.148128   -0.20680207  3.7731948  -2.0872517   0.91165245  -2.0651696   3.8651848 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168   1.4889294  -1.7140484   2.7563684 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168   1.4889294  -1.7140484   2.7563684 ]]

logits1:(3, 6, 8) = reshape(logits0, [b=3,-1, num_classes=8]
[[[-0.9280218  -1.8045325  -0.68495935  0.5426107  -1.8653798    4.110873   -1.7798609   2.2875605 ]
[-0.14943197 -1.9516745   0.2661252   1.0902121  -1.9360601    1.4300921  -1.9269892   3.1968923 ]
[-0.93730175 -1.793033   -0.51408404  0.7921333  -1.8442494    3.5639648  -1.743907    2.4544852 ]
[-1.7737857  -1.9477065  -1.424859    1.2414196  -2.0028422    5.3433642  -1.887939    2.304056  ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]]

[[ 1.7714039  -1.6429461   1.7430081  -0.7886632  -1.6467034   -0.7623123  -1.6906673   3.0249548 ]
[ 1.6112201  -1.8933824   1.8283298   0.5572848  -1.8310149   -1.934924   -1.9494001   3.7281141 ]
[ 2.0065188  -1.6460155   2.0205228  -0.5262842  -1.6335787   -1.6081942  -1.7020456   3.1967413 ]
[ 2.718579   -1.5759809   2.5345943  -1.263654   -1.5639644   -2.3390884  -1.6553816   3.2032304 ]
[ 2.7293572  -1.6167042   2.3151386  -1.4780519  -1.609092   -1.7380913  -1.716124    3.0673676 ]
[ 2.7755308  -1.6923783   1.8206263  -1.7779529  -1.6960293   -0.5105566  -1.854422    2.7049701 ]]

[[-0.7359055  -2.0762694   0.2817074   2.5182047  -2.0220516    0.52489704 -2.0259986   3.742854  ]
[-1.0007772  -2.2518601   0.232059    3.6622834  -2.1562378   -0.14092624 -2.2268133   4.1684256 ]
[-1.4438432  -2.3001847   0.03063124  4.3065047  -2.1964982   -0.06661761 -2.2551336   4.288627  ]
[-1.6864976  -2.148128   -0.20680207  3.7731948  -2.0872517    0.91165245 -2.0651696   3.8651848 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]]]

logits:(6, 3, 8) =transpose(logits1, (1,0,2))
[[[-0.9280218  -1.8045325  -0.68495935  0.5426107  -1.8653798    4.110873 -1.7798609   2.2875605 ]
[ 1.7714039 -1.6429461   1.7430081  -0.7886632  -1.6467034   -0.7623123  -1.6906673   3.0249548 ]
[-0.7359055  -2.0762694   0.2817074   2.5182047 -2.0220516    0.52489704 -2.0259986   3.742854  ]]

[[-0.14943197 -1.9516745   0.2661252   1.0902121  -1.9360601    1.4300921 -1.9269892   3.1968923 ]
[ 1.6112201  -1.8933824   1.8283298   0.5572848  -1.8310149   -1.934924   -1.9494001   3.7281141 ]
[-1.0007772  -2.2518601   0.232059    3.6622834  -2.1562378   -0.14092624 -2.2268133   4.1684256 ]]

[[-0.93730175 -1.793033   -0.51408404  0.7921333  -1.8442494    3.5639648  -1.743907    2.4544852 ]
[ 2.0065188  -1.6460155   2.0205228  -0.5262842  -1.6335787   -1.6081942  -1.7020456   3.1967413 ]
[-1.4438432  -2.3001847   0.03063124  4.3065047  -2.1964982   -0.06661761 -2.2551336   4.288627  ]]

[[-1.7737857  -1.9477065  -1.424859    1.2414196  -2.0028422    5.3433642  -1.887939    2.304056  ]
[ 2.718579   -1.5759809   2.5345943  -1.263654   -1.5639644   -2.3390884  -1.6553816   3.2032304 ]
[-1.6864976  -2.148128   -0.20680207  3.7731948  -2.0872517    0.91165245 -2.0651696   3.8651848 ]]

[[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]
[ 2.7293572  -1.6167042   2.3151386  -1.4780519  -1.609092   -1.7380913  -1.716124    3.0673676 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]]

[[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]
[ 2.7755308  -1.6923783   1.8206263  -1.7779529  -1.6960293   -0.5105566  -1.854422    2.7049701 ]
[ 0.32713643 -1.7259295   0.56046253  0.05989938 -1.7528168    1.4889294  -1.7140484   2.7563684 ]]]

Decoded,log_ropb=ctc_greedy_decoder(logits, seq_len=[4,6,4])
Decoded[0]

SparseTensorValue(
indices=array(

[[0, 0],
[0, 1],
[1, 0],
[2, 0]], dtype=int64), 

values=array([5, 5, 0, 3], dtype=int64), 
dense_shape=array([3, 2], dtype=int64))

dense_decoded:=sparce_tensor_to_dense(Decoded[0],dfault_value=-1)
[[ 5  5]
[ 0 -1]
[ 3 -1]]

Train_ler =edit_distance(decoded[0],targets))   
0.167 

targets
[[5, 5], 
[2, 0], 
[3]]

Decoded[0]
[[5, 5],   no error
[0, -1],  1 deletion 
[3]]      no error

Data flow in ctc model
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#train CTC ASR model

with tf.Session(graph=graph) as session:

# Initializate the weights and biases

tf.global_variables_initializer().run()

#training

for curr_epoch in range(num_epochs):

train_cost = train_ler = 0

start = time.time()

#train one epoch

for batch in range(num_batches_per_epoch):

feed = {inputs : train_inputs,

targets : train_targets,

seq_len : train_seq_len}

batch_cost, _ = session.run([cost, optimizer], feed)

train_cost += batch_cost*batch_size

train_ler += session.run(ler, feed_dict=feed)*batch_size

train_cost /= num_examples

train_ler /= num_examples

#validate model with vatation data

#validate model with vatation data

val_feed = {inputs : val_inputs,

targets : val_targets,

seq_len : val_seq_len}

val_cost, val_ler, predected = session.run([cost, ler,decoded[0]], feed_dict=va

l_feed)

str_predicted=''.join([code2ch[c] for c in predected[1]])

log = "Epoch {}/{}, train_cost = {:.3f}, train_ler = {:.3f}, val_cost = {:.3f}, v

al_ler = {:.3f}, time = {:.3f}, \t{}"

print(log.format(curr_epoch+1, num_epochs, train_cost, train_ler,val_cost, va

l_ler, time.time() - start, str_predicted))

# Decoding

decoded_res = session.run(decoded[0], feed_dict=val_feed)

str_decoded=''.join([code2ch[c] for c in decoded_res[1]])

print('Original:\n%s' % original)

print('Decoded:\n%s' % str_decoded)



4.3 훈련 및 검증

31

#train CTC ASR model

with tf.Session(graph=graph) as session:

# Initializate the weights and biases

tf.global_variables_initializer().run()

#training

for curr_epoch in range(num_epochs):

train_cost = train_ler = 0

start = time.time()

#train one epoch

for batch in range(num_batches_per_epoch):

feed = {inputs : train_inputs,

targets : train_targets,

seq_len : train_seq_len}

batch_cost, _ = session.run([cost, optimizer], feed)

train_cost += batch_cost*batch_size

train_ler += session.run(ler, feed_dict=feed)*batch_size

train_cost /= num_examples

train_ler /= num_examples

#validate model with vatation data

#validate model with vatation data

val_feed = {inputs : val_inputs,

targets : val_targets,

seq_len : val_seq_len}

val_cost, val_ler, predected = session.run([cost, ler,decoded[0]], feed_dict=va

l_feed)

str_predicted=''.join([code2ch[c] for c in predected[1]])

log = "Epoch {}/{}, train_cost = {:.3f}, train_ler = {:.3f}, val_cost = {:.3f}, v

al_ler = {:.3f}, time = {:.3f}, \t{}"

print(log.format(curr_epoch+1, num_epochs, train_cost, train_ler,val_cost, va

l_ler, time.time() - start, str_predicted))

# Decoding

decoded_res = session.run(decoded[0], feed_dict=val_feed)

str_decoded=''.join([code2ch[c] for c in decoded_res[1]])

print('Original:\n%s' % original)

print('Decoded:\n%s' % str_decoded)
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#train CTC ASR model

with tf.Session(graph=graph) as session:

# Initializate the weights and biases

tf.global_variables_initializer().run()

#training

for curr_epoch in range(num_epochs):

train_cost = train_ler = 0

start = time.time()

#train one epoch

for batch in range(num_batches_per_epoch):

feed = {inputs : train_inputs,

targets : train_targets,

seq_len : train_seq_len}

batch_cost, _ = session.run([cost, optimizer], feed)

train_cost += batch_cost*batch_size

train_ler += session.run(ler, feed_dict=feed)*batch_size

train_cost /= num_examples

train_ler /= num_examples

#validate model with vatation data

#validate model with vatation data

val_feed = {inputs : val_inputs,

targets : val_targets,

seq_len : val_seq_len}

val_cost, val_ler, predected = session.run([cost, ler,decoded[0]], feed_dict=va

l_feed)

str_predicted=''.join([code2ch[c] for c in predected[1]])

log = "Epoch {}/{}, train_cost = {:.3f}, train_ler = {:.3f}, val_cost = {:.3f}, v

al_ler = {:.3f}, time = {:.3f}, \t{}"

print(log.format(curr_epoch+1, num_epochs, train_cost, train_ler,val_cost, va

l_ler, time.time() - start, str_predicted))

# Decoding

decoded_res = session.run(decoded[0], feed_dict=val_feed)

str_decoded=''.join([code2ch[c] for c in decoded_res[1]])

print('Original:\n%s' % original)

print('Decoded:\n%s' % str_decoded)
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#train CTC ASR model

with tf.Session(graph=graph) as session:

# Initializate the weights and biases

tf.global_variables_initializer().run()

#training

for curr_epoch in range(num_epochs):

train_cost = train_ler = 0

start = time.time()

#train one epoch

for batch in range(num_batches_per_epoch):

feed = {inputs : train_inputs,

targets : train_targets,

seq_len : train_seq_len}

batch_cost, _ = session.run([cost, optimizer], feed)

train_cost += batch_cost*batch_size

train_ler += session.run(ler, feed_dict=feed)*batch_size

train_cost /= num_examples

train_ler /= num_examples

#validate model with vatation data

#validate model with vatation data

val_feed = {inputs : val_inputs,

targets : val_targets,

seq_len : val_seq_len}

val_cost, val_ler, predected = session.run([cost, ler,decoded[0]], feed_dict=va

l_feed)

str_predicted=''.join([code2ch[c] for c in predected[1]])

log = "Epoch {}/{}, train_cost = {:.3f}, train_ler = {:.3f}, val_cost = {:.3f}, v

al_ler = {:.3f}, time = {:.3f}, \t{}"

print(log.format(curr_epoch+1, num_epochs, train_cost, train_ler,val_cost, va

l_ler, time.time() - start, str_predicted))

# Decoding

decoded_res = session.run(decoded[0], feed_dict=val_feed)

str_decoded=''.join([code2ch[c] for c in decoded_res[1]])

print('Original:\n%s' % original)

print('Decoded:\n%s' % str_decoded)
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import time

import scipy.io.wavfile as wav

import numpy as np

from python_speech_features import mfcc

from utils import sparse_tuple_from as sparse_tuple_from

import os

os.environ['TF_CPP_MIN_LOG_LEVEL']='3'

import tensorflow.compat.v1 as tf

tf.disable_v2_behavior()

from tensorflow.python.client import device_lib

device_lib.list_local_devices() # GPU 활성화
gpus = tf.config.experimental.list_physical_devices('GPU')

print(f'GPUs {gpus}')

# Some configs

alphabet=[' ']+[chr(c) for c in range(ord('a'),ord('z')+1)] #[' ' 'a' 'b' ...'z']

ch2code={ch:c for c,ch in enumerate(alphabet)}

code2ch={c:ch for c,ch in enumerate(alphabet)}

#{' ': 0, 'a': 1, 'b': 2, 'c': 3, 'd': 4, 'e': 5, 'f': 6, 'g': 7, 'h': 8, 'i': 9, 'j': 10, 'k': 11, 'l': 12, ...}

# Hyper-parameters

num_features = 13 # mffc 차수
num_units=50 # Number of units in the LSTM cell

num_classes=len(alphabet) # 

num_layers = 1 # lstm rnn layer

num_epochs = 100 # 

batch_size = 1 #

initial_learning_rate = 1e-2

momentum = 0.9 # training

num_examples = 1 # max example number

num_batches_per_epoch = int(num_examples/batch_size)



4.4. Full code 

• Dataset 생성

35

# Loading the audio data and create train dataset

audio_filename = 'LDC93S1.wav'

fs, audio = wav.read(audio_filename) #16000, 42797

inputs = mfcc(audio, samplerate=fs) #(291,13)

train_inputs = np.reshape(inputs,(1,-1,13)) #(1,291,13)

train_inputs = (train_inputs - np.mean(train_inputs))/np.std(train_inputs) #정규화
train_seq_len = [train_inputs.shape[1]] #[291]

# Loading the text script and and create encoded targets dataset

target_filename ='LDC93S1.txt'

lines = open(target_filename, 'r').readlines() # '0 46797 She had your dark suit in greasy wash water all year.\n'

original = ' '.join(lines[0].strip().lower().split(' ')[2:]).replace('.', '')

# 'she had your dark suit in greasy wash water all year'

targets = [ch2code[c] for c in original] #[19, 8, 5, 0, 8, 1, 4, ...18]

# Creating sparse representation to feed the placeholder

train_targets = sparse_tuple_from([targets])

#(array([[ 0, 0],[0,1],..[0,51]], dtype=int64), #(52,2)

# array([19, 8, 5, 0,...,1, 18],dtype=int64), #(52,)

# dense_shape=array([ 1, 52], dtype=int64)) #(2,)

# create validation dataset

val_inputs, val_targets, val_seq_len = train_inputs, train_targets, train_seq_len



4.4. Full code 

• CTC ASR Model

36

#create CTC ASR model

graph = tf.Graph()

with graph.as_default():

# e.g: log filter bank or MFCC features

# Has size [batch_size, max_stepsize, num_features], but the

# batch_size and max_stepsize can vary along each step

inputs = tf.placeholder(tf.float32, [None, None, num_features])

#(1,291,13)

# Here we use sparse_placeholder that will generate a

# SparseTensor required by ctc_loss op.

targets = tf.sparse_placeholder(tf.int32) #(1,(52,2),(52,))

# 1d array of size [batch_size]

seq_len = tf.placeholder(tf.int32, [None]) #(1,) [291]

# Defining the LSTM RNN

cells = []

for _ in range(num_layers):

cell = tf.nn.rnn_cell.LSTMCell(num_units)

cells.append(cell)

stack = tf.nn.rnn_cell.MultiRNNCell(cells)

# The second output is the last state and we will no use that

outputs, _ = tf.nn.dynamic_rnn(stack, inputs, seq_len, dtype=tf.float32)

#(1,291,13)=>(1,291,50)

shape = tf.shape(inputs)

batch_s, max_timesteps = shape[0], shape[1] #1,291

# Reshaping to apply the same weights over the timesteps

# Reshaping to apply the same weights over the timesteps

outputs = tf.reshape(outputs, [-1, num_hidden]) #(1,291,50)=>(291,50)

logits = tf.layers.dense(outputs,num_classes,activation=None) #(291,28)

# Reshaping back to the original shape

logits = tf.reshape(logits, [batch_s, -1, num_classes]) #(1,291,28)

# Time major

logits = tf.transpose(logits, (1, 0, 2)) #(291,1,28)

loss = tf.nn.ctc_loss(targets, logits, seq_len) #[14.62]

cost = tf.reduce_mean(loss) #14.62

optimizer = tf.train.MomentumOptimizer(

initial_learning_rate,0.9).minimize(cost)

# Option 2: tf.nn.ctc_beam_search_decoder

decoded, log_prob = tf.nn.ctc_greedy_decoder(logits, seq_len)

# Inaccuracy: label error rate

ler = tf.reduce_mean(tf.edit_distance(tf.cast(decoded[0], tf.int32),

targets))
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#train CTC ASR model

with tf.Session(graph=graph) as session:

# Initializate the weights and biases

tf.global_variables_initializer().run()

#training

for curr_epoch in range(num_epochs):

train_cost = train_ler = 0

start = time.time()

#train one epoch

for batch in range(num_batches_per_epoch):

feed = {inputs : train_inputs,

targets : train_targets,

seq_len : train_seq_len}

batch_cost, _ = session.run([cost, optimizer], feed)

train_cost += batch_cost*batch_size

train_ler += session.run(ler, feed_dict=feed)*batch_size

train_cost /= num_examples

train_ler /= num_examples

#validate model with vatation data

#validate model with vatation data

val_feed = {inputs : val_inputs,

targets : val_targets,

seq_len : val_seq_len}

val_cost, val_ler, predected = session.run([cost, ler,decoded[0]], feed_dict=va

l_feed)

str_predicted=''.join([code2ch[c] for c in predected[1]])

log = "Epoch {}/{}, train_cost = {:.3f}, train_ler = {:.3f}, val_cost = {:.3f}, v

al_ler = {:.3f}, time = {:.3f}, \t{}"

print(log.format(curr_epoch+1, num_epochs, train_cost, train_ler,val_cost, va

l_ler, time.time() - start, str_predicted))

# Decoding

decoded_res = session.run(decoded[0], feed_dict=val_feed)

str_decoded=''.join([code2ch[c] for c in decoded_res[1]])

print('Original:\n%s' % original)

print('Decoded:\n%s' % str_decoded)
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The End




