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: Imput: z, L, S, ceil_or_floor

. if ceil_or_floor =' ceil’ then
n_frames < [%-‘ +1

. else if ceil_or_floor =" floor’ then
n_frames < [%J +1

. end if

- x_framed < Zeros((n_frames, L))

. padlen < (n_frames —1) x S+ L

. zeros < Zeros((max(0, padlen — len(z)),))

. padsignal <— x U zeros
: fori=0— n_frames — 1 do

x_framed[i] < padsignal[i x S : i x S+ L]

. end for
. Output: z_framed
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Waveform and Zero Crossing Rate for Frame 100
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| def pitch_detection (frame, t_min: float =

0.003, t_max:float = 0.01):

corr = np.correlate (frame, frame, mode=’
same’ )

peak_index = np.argmax (corr[int (0.5 =*
t_min * fs) : int(l1.5 * t_max * fs)]) +
int (0.5 * t_min % fs)

pitch = fs / peak_index

return pitch
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% 1: Linear SVM 7 (3 %

Frame Length | Frame Shift | Accuracy | AUC | EER

| Precision | Recall | F1 Score

320 80 0.8879 0.9376 | 0.1198 0.9300 | 0.9330 | 0.9315
512 128 0.8937 0.9413 | 0.1170 | 0.9349 0.9352 | 0.9350
1024 256 0.9107 0.9534 | 0.1006 | 0.9486 0.9419 | 0.9453
2048 512 0.9357 0.9698 | 0.0780 | 0.9667 0.9545 | 0.9606
4096 1024 0.9480 0.9765 | 0.0690 | 0.9715 0.9650 | 0.9683
320 160 0.8890 0.9376 | 0.1196 | 0.9309 0.9337 | 0.9323
512 256 0.8933 0.9405 | 0.1190 | 0.9343 0.9349 | 0.9346
1024 512 0.9101 0.9543 | 0.0990 | 0.9478 0.9412 | 0.9445
2048 1024 0.9346 0.9693 | 0.0841 0.9666 0.9534 | 0.9599
4096 2048 0.9479 0.9770 | 0.0700 | 0.9701 0.9661 | 0.9681
% 2: Logistic Regression 7 &3 %

Frame Length ‘ Frame Shift ‘ Accuracy ‘ AUC ‘ EER ‘ Precision ‘ Recall ‘ F1 Score
320 80 0.8952 0.9407 | 0.1206 | 0.9371 0.9346 | 0.9358
512 128 0.9008 0.9457 | 0.1134 | 0.9432 0.9347 | 0.9389
1024 256 0.9174 0.9589 | 0.0974 | 0.9544 | 0.9443 | 0.9493
2048 512 0.9405 0.9734 | 0.0763 0.9687 0.9586 | 0.9636
4096 1024 0.9460 0.9763 | 0.0758 0.9697 0.9648 | 0.9673
320 160 0.8946 0.9405 | 0.1204 | 0.9369 0.9342 | 0.9355
512 256 0.9020 0.9460 | 0.1123 0.9436 0.9358 | 0.9396
1024 512 0.9176 0.9591 | 0.0968 0.9536 0.9449 | 0.9492
2048 1024 0.9353 0.9705 | 0.0809 0.9649 0.9553 | 0.9601
4096 2048 0.9490 0.9757 | 0.0719 | 0.9719 | 0.9659 | 0.9689
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* 700
FBbank (MelJi {83 R %0 ¥ Z4EH &8
T AR LN ST B 28 G 1 W S R 155 (5 5 ik
ATHSAEFEEL, AT B8 - 3t DT BE N 21 W 3 Je
Hlo

2. WR:

o ARE R4
T R MelR B 1) K 4, FBankP& 1K T =
WA RS R E, XA NEX &
EREE el

o HEBREATRFE :
U M A B R 5 T B A OC R AE
RERS A it i g8 4w — e 5E 5 AR B Tk
{1y g 75

« EHEIRBITEREIR i :

o NKIIWT 58 2 G000 AN [ 5505 1) 7 & i)
NS AR R PE IR, 7E AT 4> 8 RS 4
Hh oy W AR A, T TE AR 4 O HE
RIAK . MelRBE IE A& 5 T 1K Pl RN F
PE . FBankil &K S 7 N £
AMMelRFE )5 96, 515541 T8 RE AR
PN EXS 75 & AN [ A B, AT 4
TET BB S5 A RURHE

« WNE WLz b, FBankF fiE & B 15
SRBTANEXEEE SR B
R SEEMLYENEREAR,
FBank7E {I% 5 B 4l 2 21 56 2 40 15 15 &,
I PE R AR BN B 4 145 0, A9 X M 7
A& R, RN ARURRERE R .

S

F;
m; =Y s(k)Ti(k) (18)
k=F;
Ho, mf& 5 NFBank R £,  fiRIE ) 5
EMelJERE 28 W aa 45 o/, s(k)2&7E
PR EIE e R CR B ISR REE, X HE
BREIRERD, Ti(k)R—MelJE U 2% HIEH



Signal NWWWMMMN

spectrum

1
Filter

bank

7],

RN

|m1|m2| [m

I

________ | m"l Energy in
each band

K 13: FBankit 5 A0 B

5. ARSI
| def Filter_banks (stft: np.ndarray,
sampling_rate: int = 16000, frame_lenth:
int = 512, num_filters: int = 23):
filter_banks = []
mel_filters = librosa.filters.mel (sr=
sampling_rate, n_fft=frame_lenth, n_mels

=num_filters)

4 num_frames = stft.shape([0]

5 for i in range (num_frames) :

6 spectrum = np.abs(stft[i]) ** 2

7 f_bank = np.dot (mel_filters, spectrum)
8 filter_banks.append (f_bank)

9

return np.array (filter_banks)

(a) fe NS 8. STFTHUNG 4 Mest ft, RAE
Ksampling rate, W frame_length,
VEPBREE num_filters

(b) 15 Mel S8 #R A

(c) 3KHL STFT (¥4t

(d) VAW Ty

(e) IS Mel JEN #32H 115 FBank $31E

() 51X [FIFBank &4}
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Nfb
[ 2 ™m
Cp = N_fb E log(mj)cos <N_fb (j — 05))
j=1

’I’L:1,2.,...,]\7mfCC

(19)
5. QAL S
| def Mfcc (f_banks: np.ndarray, num_mfcc: int
=12):
2 f_banks = np.where (f_banks == 0, np.finfo(

float) .eps, f_banks)
log_mel = 10 * np.loglO (f_banks)
mfcc =

ortho™)

dct (log_mel, type=2, axis=1, norm="

mfcc = mfcc[:, :num_mfcc]

return mfcc

(a) 5 NZ#: FBanksZ % L 2 MFCC % 3
B

(b) ACFREAE, WHIRBUERSEVE
(c) 15 Mel P A4 I K pe &=

(d) XXt Er Mel HE & ik B 2 B4 544
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2.1.3. Delta MFCC VA Delta of Delta MFCC
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(NEDSTE

def weighted_difference (features, delta=1l):

num_frames, num_coeffs = features.shape

delta_features = np.zeros_like (features)

weights = np.array([i for i in range (1,
delta + 1)1)

weight_sum = np.sum(weightsx*2)

for t in range(delta, num_frames - delta):
for £ in range (num_coeffs):

delta_features[t, f] = np.sum(weights

delta + 1), f]

delta + 1),

* (mfcc[t + np.arange (1,
- features|[t - np.arange(l,

£1)) / weight_sum

return delta_features
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1

1. #>]% (learning rate): 0.001
2. fikE K/ (batch size): 32
3. Z#H* (dropoutrate): 0.5

4. Number of epoch: 10 (&L H £ tH M 52 3
R SRR S0

2.2.4. MLt

FKIMIDNNZEE LU -

class DNN (nn.Module) :
def __init__ (self, input_dim, dropout_rate=0.5):
super (DNN, self).__init__ ()
self.layerl = nn.Linear (input_dim, 64)

self.dropoutl = nn.Dropout (p=dropout_rate)

self.layer2 = nn.Linear (64, 32)
self.dropout2 = nn.Dropout (p=dropout_rate)

self.layer3 = nn.Linear (32, 16)
self.dropout3 = nn.Dropout (p=dropout_rate)

self.output = nn.Linear (16, 1)

self.relu = nn.RelLU()

self.sigmoid = nn.Sigmoid ()

def forward(self, x):

= self.relu(self.layerl (x))
= self.dropoutl (x)

= self.relu(self.layer2(x))
self.dropout2 (x)

= self.relu(self.layer3(x))
= self.dropout3 (x)

XX o oX X X X X
Il

= self.sigmoid(self.output (x))

return x
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Amplitude Amplitude Amplitude Amplitude

Amplitude
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Frame Length | Frame Shift | Loss | AUC | EER | Accuracy | Precision | Recall | F1 Score

320 80 0.1534 | 0.9832
512 128 0.1491 | 0.9876
1024 256 0.1277 | 0.9923
2048 512 0.1351 | 0.9933
4096 1024 0.1627 | 0.9913
320 160 0.1655 | 0.9880
512 256 0.1283 | 0.9917
1024 512 0.1122 | 0.9934
2048 1024 0.1182 | 0.9936
4096 2048 0.1607 | 0.9901

0.0558
0.0464
0.0376
0.0319
0.0351
0.0447
0.0388
0.0350
0.0332
0.0391

0.9500 0.9782 | 0.9602 | 0.9691
0.9603 0.9765 | 0.9749 | 0.9757
0.9702 0.9755 | 0.9884 | 0.9819
0.9742 0.9803 | 0.9885 | 0.9844
0.9722 0.9762 | 0.9905 | 0.9833
0.9589 0.9701 | 0.9800 | 0.9750
0.9687 0.9750 | 0.9869 | 0.9809
0.9742 0.9794 | 0.9893 | 0.9843
0.9754 0.9834 | 0.9865 | 0.9849
0.9722 0.9796 | 0.9865 | 0.9831
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