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1 importnumpy as np

2 import matplotlib. pyplot as plt
3: from scipy. io import wavfile
4
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5 sampling freq, signal = wavfile.read('random_sound.wav')
6

7:  print('\nSignal shape:', signal.shape)

8 print('Datatype:', signal.dtype)

9

print('Signal duration:', round(signal. shape[0] / float(sampling freq), 2),

10: 'seconds')

12: signal = signal / np.power(2, 15)

13: signal = signal[:50]
15: time axis = 1000 % np.arange(0, len(signal), 1) / float(sampling freq)

17: plt.plot(time_axis, signal, color = 'black')
18: plt.xlabel('Time (milliseconds)')

19: plt.ylabel('Amplitude')

20: plt.title('Input audio signal')

21: plt. show()
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1: import numpy as np
2: import matplotlib. pyplot as plt
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from scipy. io import wavfile

sampling freq, signal = wavfile.read('spoken word.wav')

3
4
5
6: signal = signal / np.power(2, 15)
7
8 len signal = len(signal)

9

len half = np.ceil((len signal + 1) / 2.0).astype(np. int)
11: freq signal = np. fft.fft(signal)

13: freq signal = abs(freq signal[0:len_half]) / len_signal
14: freq signal *x = 2

16: len fts = len(freq signal)
17: if len_signal % 2:

18: freq signal[l:len fts] * = 2
19: else:

20: freq signal[l:len fts—1] % = 2
21:

22: signal power = 10 * np.loglO(freq signal)

24: x axis = np.arange(0, len half, 1) * (sampling freq / len signal) / 1000.0

26: plt.figure()

27: plt.plot(x_axis, signal power, color = 'black')
28: plt.xlabel('Frequency (kHz)')

29: plt.ylabel('Signal power (dB)')

30: plt. show()
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A B, BOF-T5 o X LA 2B P AR A OO . RIS 5 o0 S BOm B R, R RS S 1
HRAE B R MR RS B B S AR S WO RO B A . B e A o Bl 7R AS B P TR (kH) 2%

TR R TR SRR L AR

5.4 MEREWES

RIGE 1 U S AT AR B R A T A O R — A E LS S . AT LU ] NumPy
ALK A A R B A5 5 o il T 5 RS 5 o D SR U AR A T LU ok A S AT — 28

NBHEBES .
BF 5.3 E£REHNES

import numpy as np
import matplotlib. pyplot as plt
from scipy. io.wavfile import write

output_file = 'generated audio.wav

duration = 4 # in seconds

sampling freq = 44100 # in Hz

O O 3 U W N

tone_freq = 784
min_val = —4 % np.pi

max_val = 4 * np.pi

[
N - O

13: t = np.linspace(min val, max val, duration * sampling freq)

14: signal = np.sin(2 * np.pi * tone freq * t)

16: noise = 0.5 x np.random.rand(duration * sampling freq)

17: signal + = noise

19: scaling factor = np.power(2, 15) — 1
20: signal normalized = signal / np.max(np.abs(signal))

21: signal scaled = np.intl6(signal normalized * scaling factor)

23: write(output file, sampling freq, signal scaled)

25: signal = signal[:200]

26: time axis = 1000 * np.arange(0, len(signal), 1) / float(sampling freq)
27: plt.plot(time_axis, signal, color = 'black')

28: plt.xlabel('Time (milliseconds)')

29: plt.ylabel('Amplitude')

30: plt.title('Generated audio signal')

31: plt. show()




@ AT &SI (Python iR ) RIEMSRkR

B

Generated audio signal

15T

I

Amplitude

0 1 2 3 4
Time(milliseconds)

ST B S A SO 44 L X B generated _audio. wav, 1B 8 € E S
BB SO 4s CRFES R 44 100Hz & B3Rl 784Hz e /ME N — An e KIE K 4x,
il FH 3 26 58 B9 B 80k W S 5, 8 NumPy WP IE % s BUE S G S . A T
W 5 7 Ok AR — 2L fd BB AL B & WS 5 U i — Se e s | 235 T S0 fE S i AT — 1k
g A 3, 5 JE R A R AR S DA B B SO

TEAFRFF v BEICE USRS 5 A HT 200 MEH T2 B an B i s o (B e FH A6 Tl 2
& generated_audio. wav SCF 23 kK BT JE—AN 1 784 Hz 112 45U % IR 7 YR A T B ) 2 A 5

Q 5.5 HURLE SFHRAE

ZHITAF 2T AR A I A S A e S R AT S AR U R GE b BRI BTz T
B 2 B T LS PR AR R AN A AR . — A —AME S e ey A o R AR AT LA LA
e & AR AT . X5t & Mel Frequency Cepstral Coefficients (MFCC) T,
MFCC J&—F T 5, 11 T M 45 % ¥ M0 {5 5 i B BUWURUREAE

MFCC: Mel SR E13% REWA S . T ANBUr @R vE5E 1 Mel B3, & 5#k 2% (Hz) 4
FONAELMEXT N AL FR . MFCC 218 MFCC 57524 (Hz) 5% 2 B (Y AE & M C &R L 15 21 1
5 2% (Hz) B R A, MECC #3342 & K5 R B 1R 0 &Ll MFCC &2 &9 12 1
FH 38 5 e R L FRATT AR AR MFCC, % 3¢ h s 4l MECC,

T Mel #7JE RS A BB FE S8 MECC, Hd Mel #iR #5192 N TR A0 JE £
PEREVE, B SR R AT IR .

Mel( £)=2595 X 1g(1+ £/700)

K f OB B Hz, Bl 5-8 JB/R T Mel R 5LMER RN LR,

FEPGHFHHESH MFCC E 23 L DUT Wi, W8] 5-9 FioR .

(1) FHOMNER S B2 b o 8 30 ek — A e e 2, H 02 B T S A E8 4y T LA LR AR 50
T AR AV 3 3 431 110 R AT, AR AT 2, AT BE A% FH [ A 1) £ M LU SR A

(2) g3mit, 07 {8 53 B it & AT UKR il & R Uy Be, B 5B N GEW N B 256 3




#5658 1BEIR5 @

Frequency to Mel-frequency curve

2500

Mel-frequency

0 1000 2000 3000 4000 5000 6000 7000 8000
Frequency

B 5-8 Mel iR 5L MHEXRE

1
| rer e mengim = artiEst = oer |

B 5-9 MFCC Z#RMEXRTE

512, Horp I w5 O IR [R] 2 20~ 30ms) A SR A s AR B L — DS WL I B 57 L Bk ™,

(3) fned . TEATE N 18 5 2 AN W7 A AR A8 AR Y L A0 SR B [ 09 e e it T ik AT Ab T
PR U L — it AR 7 R Gl R B AP I (E TR 2 R 00 H IR I BRAE 5 AN i 22, B 4% A ot
3 T RE 23 08 WU AN EE Ve . B T 7 eR SO DU 7T (b T 6 R 5 ) 0 R 1 R okt SR
DU 7 % ADLT 7 45

(1) FFT, W TE5 N BORKAS A, AR XER A5 5 I 48 P L i DL & 2 48 g A s |
Y RE B o0 A0 7 LSS . A A YRR A G AN R R RE & 0 A . B DLFE LA BB %1, 4 ik
WAIRAG B AEA S I B L4045, AT A ] FET A8 445 3], P05 WU 2 /5 1Y 4 W5 = FH TR A Y
752X LA 31 45 Wt i) A3

(5) Mel JEUE R4 . B350 & — 20 Mel RUE M) =ML IR AR . X 2800 H 0 27 i
AT TE | 5% 1 I ol D S T I SRR I T N S W

(6) XHLaH.

() DCT g% 7e4 . 2 DCT #45] MFCC &%,

LEART G — 1% N python_speech_features [ Python 428 MFCC 1 , i%
JE A v RO R B L UL 0 R T BE A E MEFCC R i 25 41, nf LA pip fiy & % %
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1: import numpy as np
2: import matplotlib. pyplot as plt
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3: from scipy. io import wavfile

4: from python speech features import mfcc, logfbank

5:

6: sampling freq, signal = wavfile.read('random sound.wav')
7: signal = signal[ :10000]

8:

9: features mfcc = mfcc(signal, sampling freq)

10:

11: print('\nMFCC:\nNumber of windows ="', features mfcc.shape[0])
12: print('Length of each feature ="', features mfcc. shape[1])
13:

14: features_mfcc = features_mfcc.T

15: plt.matshow(features mfcc)

16: plt. title('MFCC')

17:

18: features fb = logfbank(signal, sampling freq)

19:

20: print('\nFilter bank:\nNumber of windows = ', features fb. shape[0])
21: print('Length of each feature ="', features fb. shape[1])
22

23: features fb = features fb.T

24: plt.matshow(features fb)

25: plt.title('Filter bank')

26: plt. show()

i
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SR B, WM python_speech_features FEHF T A mfccO il logfbank O 3X 5™ R %8 .
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B, WwRBATHE %, 5% http://python-speech-features. readthedocs. org/en/

latest,
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(ERORIS F et =RV E

NUINZRIE & R B RS, BN A ia il sy — D F WO AU aE PR T -1 4
N data B SCAF e J5 A R A5 T AT SO PR 4R . X BR A R AL  E A A TR B
BEAS B AR AT — A HH SR 09 SCAF e A AN SO RAT 15 S E ISR o A AR SO e AR A
FHBT 14 ASFWSCAF#EAT IS e m — DT, R, X b bR — DR /D B Bs 5, il
LA FH B B R SR i A 2 i U R 2
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RO AR 03 A5 SC A v ) BRI 3l T T A T 4 A5 TR 5 8 % DIC I BE e v )R A B3]
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BF S5 MEBEBERIRIRS A Q&R IC

1: import os

2: import argparse

3: import warnings

4: import numpy as np

5: from scipy. io import wavfile

6: from hmmlearn import hmm

7: from python_speech features import mfcc

8:

9: def build arg parser():

10: parser = argparse.ArgumentParser(description = 'Trains the HMM-based
11: speech recognition system')

12: parser. add_argument("--input-folder", dest = "input folder",

13: required = True, help = "Input folder containing the audio
14: files for training")

15: return parser

16:

17: class ModelHMM(object) :

18: def __init__(self, num_components =4, num_iter = 1000):

19: self.n components = num_components

20: self.n iter = num_ iter

21: self.cov_type = 'diag'

22 self.model name = 'GaussianHMM'

23: self.models = []

24: self.model = hmm.GaussianHMM(n components = self.n components,
25: covariance_type = self.cov_type, n_iter = self.n_iter)
26:

27: def train(self, training data):

28: np. seterr(all = 'ignore"')

29: cur model = self.model.fit(training data)

30: self.models. append(cur_model)

31:

32: def compute_score(self, input_data):

33: return self. model. score(input data)

34:

35: def build models(input folder):

36: speech models = []
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37

38: for dirname in os. listdir(input_folder):

39: subfolder = os.path. join(input folder, dirname)
40: if not os. path. isdir(subfolder):

41: continue

42

43: label = subfolder[subfolder.rfind('/') + 1:]

44: X = np.array([])

45

46: training files = [x for x in os.listdir(subfolder) if
47: x.endswith('.wav')][: - 1]

48:

49: for filename in training files:

50: filepath = os.path. join(subfolder, filename)
51: sampling freq, signal = wavfile.read(filepath)
52: with warnings. catch warnings() :

53: warnings. simplefilter('ignore')

54: features_mfcc = mfcc(signal, sampling freq)
55:

56: if len(X) = = 0:

57: X = features mfcc

58: else:

59: X = np.append(X, features _mfcc, axis=0)
60:

61: model = ModelHMM()

62: model. train(X)

63: speech models. append( (model, label))

64: model = None

65

66: return speech models

67

68: def run tests(test_files):

69: for test_file in test_files:

70: sampling freq, signal = wavfile.read(test file)
71: with warnings. catch warnings() :

72 warnings. simplefilter( 'ignore')

73: features mfcc = mfcc(signal, sampling freq)
74

75: max_score = -float('inf')

76 output_label = None

77

78: for item in speech models:

79: model, label = item

80: score = model.compute score(features mfcc)
81: if score > max_score:

82: max_score = score

83: predicted_label = label

84:

85: start_index = test file.find('/') + 1

86: end index = test file.rfind('/') — 3
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87: original label = test file[start index:end index]
88: print('\nOriginal: ', original label)

89: print('Predicted:', predicted label)

90:

91: if __name__= ='__main _':

92: args = build arg parser().parse args()

93: input folder = args. input folder

94:

95: speech models = build models(input_ folder)

96:

97: test_files = []

98: for root, dirs, files in os.walk(input folder):
99: for filename in (x for x in files if '15' in x):
100: filepath = os.path. join(root, filename)
101: test files. append(filepath)

102:

103: run_ tests(test files)

Hit

Original: data\apple\applel5
Predicted: data\apple

Original: data\banana\bananal5
Predicted: data\banana

Original: data\kiwi\kiwil5
Predicted: data\kiwi

Original: data\lime\limel5
Predicted: data\lime

Original: data\orange\orangel5
Predicted: data\orange

Original: data\peach\peachl5
Predicted: data\peach

Original: data\pineapple\pineapplel5
Predicted: data\pineapple
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