Dirliéu am thanh

Trac nghiém 18 & Thuc hanh 2 (3 Chay trén Kaggle ¥ PDF bai

Am thanh luu trong may la mot day s6: bién do song am do hang nghin 1an méi
giay. Nhin day s6 d6 thi rat kho biét d6 1a tiéng chudng hay tiéng nodi. Bai nay
hoc sample rate, STFT dé tim cac tan s trong tiing doan ngin ctia am, va
spectrogram, hinh cho thay tan sd thay ddi theo thdi gian, la dang dau vao
thuong dung cho model am thanh. Ta tu tao mot am déi cao do gitta ching dé

kiém spectrogram c6 cho thiy dang diéu d6 khong.

MUC TIEU

+ Tinh thoi lugng tir s6 mau va sample rate; d6i sample rate khong bi aliasing.
« Doc spectrogram; hiéu window va hop ctia STFT.

« Tuy tinh log-mel.

« Chon augmentation hgp véi nhan.

Tt dao dong dén day s6

Microphone do bién thién ap suit theo thai gian, roi thiét bi chuyén thanh s6. Waveform
la day bién do x[n], trong d6 n 1a chi s6 mau, bat dau tir 0. Sample rate f, cho biét moi
giay c6 bao nhiéu mau, don vi Hz, tirc mau/giay. Thoi diém mau thirn 1a t, = n/ f, giay.
Mot file c6 N mau dai dién khoang thai gian T = N/ f,; mau cudi nam tai (N — 1)/ fs,
ngay truéc dau khoang ti€p theo.

Doan 3 giay 6 16 000 Hz mot kénh ¢6 48 000 mau; luu 16 bit méi mau thi méi gidy ton 32
000 byte. Am cao hon nghia la dao dong c6 tan s6 16n hon; tai ngusi nghe duge khoang
tir 20 Hz dén 20 000 Hz.

Bién do float 1a s6 tuong ddi, khong phai ap suat do bang pascal. WAV PCM 16-bit luu s6
nguyén tir —32 768 dén 32 767; chia cho 32 768 dé dua vé khoang [—1, 1), néu quén thi
bién d6 16n gap hang chuc nghin lan.
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https://www.kaggle.com/code/quangluduy/ai-canuc80k-7-1-audio-data
http://127.0.0.1:56872/giao_trinh/pdf/bai-7.1.pdf

File stereo c6 hai kénh, doc ra mang (N, 2) hoac (2, N) tuy thu vién; thoi lugng tinh
theo truc mau, khdng theo téng s6 phan tir. Ly trung binh hai kénh 1a mét cach

downmix, nhung hai kénh trai pha s€ triét tiéu nhau.

Ta dung f, = 2000 Hz, mdt gidy gom 2000 mau. Nira dau la sine 200 Hz, n(ta sau la sine
600 Hz, nén ta biét truéc mot biéu dién dang phai cho thay gi: 200 Hz trong nira giay
dau, 600 Hz trong ntra gidy sau. Bién do 0.7 va 0.4 gitip phan biét thém do manh ctia hai

doan.

Python

import numpy as np

2000
2000

sample_rate

num_samples
time = np.arange(num_samples) / sample_rate
waveform = np.where(
time < 0.5,
0.7 * np.sin(2 * np.pi * 200 * time),
0.4 % np.sin(2 * np.pi * 600 * time),
)
duration = len(waveform) / sample_rate
interval_ms = 1000 / sample_rate
print(waveform.shape)
print(f"thoi ludng = {duration:.3f} s")

print(f"khodng mau = {interval_ms:.3f} ms")

Mbi mau cach nhau 0.5 ms. Mot chu ky 200 Hz dai 1/200 = 0.005 gidy, nén c6 10 mau
trong mot chu ky; véi 600 Hz chi khoang 3.33 mau. Hinh du6i phong to 20 ms, vi vé ca
mot giay thi duong dao dong rat kho doc.
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200 Hz: 10 mau méi chu ky 600 Hz: 3.33 miu mbi chu ky
0.7

-0.7

0 5 10 0 5 10
ms sau 0 s ms sau 0.5 s
mdi cham 1& moét mau, cach nhau 0.5 ms (sample rate 2000 Hz)

$ 2000 Hz, am 200 Hz c6 10 mau mébi chu ky, 4am 600 Hz chi khoang 3.3 mau.

HOI NHANH
File WAV stereo 16 kHz dugc doc thanh mang shape (48000, 2), tiic 48 000 mau

cho moi kénh. File dai bao nhiéu giay?

A 0.000125 giay

B 1.5 giay

c 3giay

D 6 giay
HOI NHANH

Microphone phai ctia mot ban ghi stereo bi ddu ngugc cuc, nén kénh phai ding

bing kénh trai d6i ddu. Downmix bang cach 1ay trung binh hai kénh thi dugc gi?
A Toan s6 0, vi hai kénh triét tiéu nhau
B Giéng kénh trai, vi trung binh gilt nguyén dang séng
¢ Bién dd gap ddi kénh trai, vi hai k&nh cong lai

D Kénh trai dbi dau, vi kénh phai chiém uu thé
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Vi sao khong 14y mau thua tuy y?

Hai dao dong lién tuc khac nhau c6 thé di qua ding nhitng chdm l1ay mau giong nhau.
Khi d6 thuit toan nhin cac chdm khong thé biét dao dong goc la cai nao. Hién tugng nay
la aliasing (chong phd).

Dé phuc hdi mot tin hiéu Iy tudng chi ¢ tan s6 dudi f,,q,., ta can f; > 2f,00. MOC £, /2
goi la tan s6 Nyquist; ngay tai moc dy, mot sine c6 pha dac biét con co6 thé cho toan sd 0.

Trong thiét bi that, can bo loc va khoang chuyén ti€p, nén khong thiét ké sat bién.

Thong tin quan trong ctia giong néi ndm dudi khoang 8 kHz, nén 16 kHz la dw; vi vay
nhiéu model ti€ng néi hoc 6 16 kHz, va file 44.1 kHz phai dugc resample vé dang 16 kHz
trude khi dua vao.

Vé6i fs = 1000 Hz, cosine 350 Hz va cosine 650 Hz cho cung day s&: 650 = 1000 — 350. Ta

kiém trén 20 mau; cosine dugc chon dé hai day giong nhau truc ti€p, khong can déi dau.

Python

alias_rate = 1000

sample_index = np.arange(20)

low_tone = np.cos(2 * np.pi * 350 % sample_index / alias_rate)
high_tone = np.cos(2 * np.pi * 650 * sample_index / alias_rate)

print(np.allclose(low_tone, high_tone))

Két quéa True c6 nghia la di liéu dau vao da mat kha nang phan biét hai tan sd; model
manh hon cting khong 14y lai dugc thong tin bi b tur truée. Téng quat, mot thanh phan f
ndm gitra f,/2 va f, hiénra 6 f, — f, nhu thé bi gip qua mdc Nyquist.
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350 Hz

650 Hz

-1
0 2 4 6 8 10
ms

lay mau 1000 Hz: hai cosine di qua ding cung cac cham, 650 = 1000 - 350

Lay mau 1000 Hz: cosine 350 Hz va 650 Hz di qua dang cung cac diém mau.

L6i nay dé gap nhat khi giam sample rate. Lay mOt mau trong hai (waveform[::2]) dua
tin hiéu vé 1000 Hz, Nyquist méi la 500 Hz, nén doan 600 Hz ctia ta sé hién ra & 1000 —
600 = 400 Hz. resample_poly ctia SciPy loc thong thap (low-pass) truéce khi gitr it mau

hon. Ta so bién d6 tai 400 Hz trong nita sau ciia hai két qua, noi ban géc chi c6 600 Hz:

Python

from scipy.signal import resample_poly

half_rate = sample_rate // 2
naive = waveform[::2]
filtered = resample_poly(waveform, up=1, down=2)
for name, signal in [("bd mAu", naive), ("cé loc", filtered)]:
tail = signal[len(signal) // 2:1]
amplitude = np.abs(np.fft.rfft(tail)) * 2 / len(tail)
freqs = np.fft.rfftfreq(len(tail), d=1 / half_rate)
print(f"{name}: {len(signal)} mAu, bién d6 & 400 Hz = {amplitude[freqs == 400]1[0]:.3f}")

Hai két qua cung c6 1000 mau. Ban bé mau chira mot 4m 400 Hz bién do 0.4, diing bang
bién do ctia doan 600 Hz, du ban ghi khong hé c6 am 400 Hz. Ban ¢6 loc mat doan 600
Hz, vi 1000 Hz khong gitr duge nd, nhung khong bia ra am méi; doan 200 Hz nam duéi
Nyquist m6i nén duge git. Mat mot dai tan 1a diéu phai chdp nhén khi gidm sample rate;

am gia tron vao dai con lai thi khong.
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b6 mau waveform[::2]
400 Hz: 0.400

resample_poly (c6 loc)

0.4
0.2
400 Hz: 0.000
0
0 200 400 0 200 400

Hz Hz
nla sau chi cé am 600 Hz; 6 1000 Hz, Nyquist con 500 Hz

B6 mau sinh am gia 400 Hz; resample_poly loc truéc nén khong co.

Ddi sample rate trong bién hoac header khdng phai resample. Néu gan nhan 4000 Hz
cho mang 2000 mau, phan mém phat n6 trong 0.5 gidy, nhanh va cao hon. Muén gitr
ding mot giay 6 4000 Hz, phai tao 4000 mau méi:

Python

new_rate = 4000
resampled = resample_poly(waveform, up=2, down=1)
print(f"d6i metadata: {len(waveform) / new_rate:.3f} s")

print(f"resample: {len(resampled) / new_rate:.3f} s")

Dong dau déi y nghia ciia truc thoi gian; dong sau chi déi mat do mau. © 4000 Hz, mang
mdai biéu dién dugce t6i 2000 Hz, nhung upsampling khong bd sung am cao ma ban ghi ci
chua tung cé: dai 1000-2000 Hz ctia bAn m6i gan nhu trong.
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HOI NHANH
Thu am 6 8000 Hz ma khong c6 bo loc chong aliasing, trong khi trong phong cé

ti€éng rit 5000 Hz. Trén spectrogram cta ban ghi, tiéng rit hién ra & dau?
3 5000 Hz, dung vi tri clia n6
J 1000 Hz, tlic phan vuct qua Nyquist
Khong thay, vi né vugt Nyquist 4000 Hz

J 3000 Hz, sau khi gap qua méc Nyquist

HOI NHANH
Clip 16 kHz dai 2 giay chtra tiéng coi 1000 Hz. Mot budc tién xt Iy chi stra header
thanh 24 kHz, gitt nguyén mang. Phat lai, hodc dua vao model 24 kHz, thi clip ra

sao?
Dai 2 gidy, coi 1000 Hz, vi mang khéng dbi
Dai khoang 1.33 giay, coi 1500 Hz
Dai khoang 1.33 gidy, c0i 667 Hz

Dai 3 giay, c0i 1500 Hz

STFT: xem nhiing tan s6 nao xuat hién & ting lic

FFT bi€n mot doan waveform thanh cac hé s theo tan s6. Néu FFT toan mot gidy, ta
thay ca 200 Hz va 600 Hz nhung khong biét chiing xuat hién truéc hay sau. Short-time
Fourier transform (STFT) khic phuc bang cach 14y tung frame ngan, FFT ting frame, roi
x€p két qua theo thoi gian.
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Ta chon d6 dai ctra s6 (window length) L = 200 mau, titc 100 ms; buéc nhay (hop) H =
100 mau, tirc sau 50 ms lai bit dau frame mdi. Frame lién nhau chong 1ap 100 mau.
Khong padding thi s6 framela FF =1+ [ (N — L)/H| = 19.

Hop diéu khién méit do cot thoi gian; window length mdéi 1a d6 dai tin hiéu duge dung dé
tinh méi cot. Véi tiéng noi 6 16 kHz, cdu hinh hay gap la window 25 ms (400 mau) va hop
10 ms (160 mau).

Nhiéu thu vién mac dinh center=True: dém L/2 mau & méi dau dé frame j c6 tam tai
mau jH, khi d6 F = 1+ | N/H|. Hai quy u6c léch nhau vai frame, d lam sai shape khi
ghép v6i nhan theo thoi gian.

e frame 0
frame 1
I frame 2

PN

window 200 mau (100 ms), hop 100 mau (50 ms): mbi frame chdong nifa frame trudc; dudng cong la Hann

0.3 0.4
giay

STFT chia waveform thanh cac frame chong nira nhau, nhan ctra s6 Hann.

Trude FFT, nhan frame v6i mot cra s6 (window). Hann window lam hai dau nhé dan,
giam gian doan gia khi FFT coi doan tin hiéu dugc lap lai. Ta dung ban Hann tuan hoan
wln] = $(1 — cos(2mn/L)), 0 < n < L. DSi window 1am thay déi do rong dinh phd, nén
khong thé xem no la trang tri. Méi hé s6 STFT la

L—1
Slk, 5] =Y a[jH + njw[n]e >"*"/".
n=0

j la frame, k 1a bin tan sd, 4 trong s6 mii 1a don vi 40. Cong thic chi 1a téng cac mau sau
khi can trong s6, so v6i nhimg dao déng chuin. Chua can ty tinh s6 phirc; rfft tinh phan

tan s6 khong am cho tin hiéu thuc.
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Vé6i L = 200, c6 L/2 + 1 = 101 bin, ttr 0 dén 1000 Hz, cach nhau f;/L = 10 Hz. b6 1a
khoang cach bin; kha nang tach hai dinh con phu thuéc window va do dai doan, khong
chi buéce trén truc. O 16 kHz véi FFT 512 miu, cac bin cach nhau 16000 /512 = 31.25 Hz;
cau hinh 25 ms, 10 ms trén 1 giay cho 1 + | (1000 — 25)/10] = 98 frame.

Python

from scipy.signal.windows import hann

from numpy.lib.stride_tricks import sliding_window_view

def stft_power(signal, rate, window_size=200, hop=100):
frames = sliding_window_view(signal, window_size)[::hop]
window = hann(window_size, sym=False)
spectrum = np.fft.rfft(frames * window, axis=1)
power = (np.abs(spectrum) / window.sum()) %% 2
frequencies = np.fft.rfftfreq(window_size, d=1 / rate)
centers = (np.arange(len(frames)) * hop + window_size / 2) / rate

return power.T, frequencies, centers

power, frequencies, centers = stft_power(waveform, sample_rate)
print(power.shape)

peaks = np.argmax(power[:, [0, -1]], axis=0)
print(frequencies[peaks])

print(centers[[0, -1]1].round(2))

Ma tran c6 shape (161, 19):hang la tan s, cot 1a thai gian. Hai dinh & frame dau va
cudi phai la 200 va 600 Hz; néu ddi hai truc ma van gan nhan nhu ci, hinh sé sai du code
vé khong bao 16i. Ta chia bién d6 phd cho téng window dé thang s6 dé doc, réi binh
phuong. power & day la binh phuong bién d6 tuong doi, khong phai mat do phé cong

suit c6 don vi watt/Hz.
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HOI NHANH
Tiéng ndi 16 kHz, window 400 mau tac 25 ms, khong zero-padding. rfft ctia mot

frame cho bao nhiéu bin, va cac bin cach nhau bao nhiéu Hz?
A 200 bin, cach nhau 40 Hz
B 201bin, cach nhau 20 Hz
¢ 400 bin, cach nhau 20 Hz

D 201bin, cach nhau 40 Hz

1000 Hz theo truc doc
0dB

600 Hz
600 e S e
200 Hz
200 #
-80 dB
0
0 0.25 0.75 1

giay

Spectrogram: 200 Hz & ntra gidy dau, 600 Hz & nira giy sau.

VS TP TN VS TP T

khung 76/321: clia s6 25 ms khung 170/321: ctia s6 25 ms khung 246/321: clta s6 25ms  du 321 khung, méi khung cach

V= Ty WY

bt dau & 750 ms, FFT cho mot bt dau & 1690 ms, FFT cho bt ddu 6 2450 ms, FFT cho  nhau 10 ms: cau “Deep learning
cOt cua spectrogram mot cOt clia spectrogram mot cot cua spectrogram models learn patterns from
data.”

Ctra s6 25 ms trugt trén waveform; méi vi tri qua FFT thanh mot cot
spectrogram.

Window dai cho nhiéu chu ky hon dé phan biét tan sé gan nhau, nhung gop thay déi
trong thoi gian dai hon. Window ngén dinh vi ti€ng go nhanh hon, nhung cac dinh tan s6
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rong hon. Tiéng Viét c6 thanh di€éu: cing mot am tiét, dudng cao dd khac nhau la tu

khac nhau, nén model nhan dang phai gitt dugc thong tin cao do.

Zero-padding trude FFT tang s6 diém vé trén truc tan s6, khong tang thdi gian quan sat
va khong tu tach hai am qua gan. ShortTimeFFT ciia SciPy 1a lua chon thu vién cho quy
trinh ¢6 STFT/ISTFT; khi doi chi€u, phai kh6p window, padding, tam frame va scaling.

HOI NHANH
Gitr window length 200 mau, gidam hop tir 100 xuéng 50 mau trén waveform ciia

bai. biéu gi thay ddi truc ti€p?
C6 nhiéu frame haon trén cung ban ghi
Mbi frame quan sat mot doan dai gap doi
Nyquist frequency tang I&n gap doi

M&i bin tan s6 rong ra gap doi

HOI NHANH
Hai bai toan c6 cung sample rate. Bai (1) dinh vi ti€ng gd phim chi kéo dai vai mili
gidy. Bai (2) phan biét hai not nhac ngan dai, cao do chénh nhau vai Hz. Nén chon

window thé nao?
Bai (1) dung window dai, bai (2) dung window ngan
Nhu nhau, vi window chi déi sé cot thdi gian
Bai (1) dung window ngan, bai (2) dung window dai

Ca hai dung window dai, réi giam hop dé dinh vi
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window 40 mau (20 ms) window 400 mau (200 ms)
600

300

0 0.5 1 0
giay giay

tin hiéu: hai am 300 Hz va 330 Hz, cong mot tiéng gé ngdn 3 0.5 s

Ctra s6 ngan dinh vi ti€ng go sdc nhung nhoe tan sd; ctra sé dai thi ngugc lai.

Mel va log-mel: gép ving tan s6, nén thang so

Mot spectrogram c6 hang tram bin; ta c6 thé gop ching bing cac bo loc tam giac. Mel
filter bank dit cac b loc trén mot thang tan sd gan voi cach nghe cao dd, thay vi déu

theo Hz. C6 nhiéu quy uéc mel; bai nay chon cong thitc HTK

f ¢6 don vi Hz, m 1a toa d6 mel. Ta dit 22 diém déu theo mel, ddi lai sang Hz, tao 20 tam
giac giira tiing bo ba di€m. Mel band b 6 frame j 1a M [b, j] = >, Wb, k| Pk, j]. W ¢o
shape (20, 101), nén phép nhan WP cho (20, 19). Model ti€ng noi thudng dung 80
hodc 128 band trén dai t6i 8 kHz; bai dung 20 band vi truc chi t6i 1000 Hz.

Tam giac trong bai cé dinh bang 1, khdng chuan hoa dién tich; két qua khéng nhat thiét

bing mac dinh Slaney cta librosa. Tai liéu mel ctia librosa giai thich khac biét nay.

Python

def mel_filter_bank(frequency_grid, num_bands):
max_mel = 2595 * np.loglB(1 + frequency_grid[-1] / 700)
mel_edges = np.linspace(0, max_mel, num_bands + 2)
hz_edges = 700 % (10 %% (mel_edges / 2595) - 1)
filters = np.zeros((num_bands, len(frequency_grid)))
for band in range(num_bands):
left, middle, right = hz_edges[band:band + 3]
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rising = (frequency_grid - left) / (middle - left)
falling = (right - frequency_grid) / (right - middle)
filters[band] = np.maximum(®, np.minimum(rising, falling))

return filters

filters = mel_filter_bank(frequencies, num_bands=20)

mel_power = filters @ power

reference_power = max(float(mel_power.max()), le-12)

log_mel = 10 * np.loglO(np.maximum(mel_power, 1e-12) / reference_power)
print(filters.shape, log_mel.shape)

print(np.round([log_mel.min(), log_mel.max()], 1))
print(np.isfinite(log_mel).all())

Log lam cac vung yé€u dé nhin hon va gidm chénh 1éch thang s6. Ta dung

101og;o(M /M) vi M 1a dai lugng binh phuong bién do; néu 1ay log ciia bién do truc
ti€p thi dung hé s6 20. Mdc ctia hinh 1a mel power 16n nhat ctia chinh clip nay, nén 0 dB
nghia la ngang dinh clip, khong phai mc am thanh tuyét d6i. Chan dudi truée log tranh
-inf ¢ im ldng. Pretrained model c6 thé dung log tu nhién, dai dong hay mdc khac; phai

dung processor ctia nd, khong thay biang céng thirc nay roi gitt nguyén tén.

MFCC, dac trung kinh dién ctia tiéng noi, di thém mot budce: 14y log-mel roi bién déi
cosine rdi rac (DCT) va gilr khoang 13 hé s6 dau, nhitng hé s6 tom hinh dang cta phd.

Nhiéu model hoc sdu ngay nay diing thing log-mel.

20
shape (20, 19)
min -112.1 dB
max 0 dB
10
hang: mel band
0
0 0.5 1
giay

Log-mel: nang lugng & band thip ntra dau, band cao hon nta sau.
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trong s6

AR

20 tam giac déu theo mel: hep & tan s6 thap, rong dan & tan sé cao

1000
Hz

B0 loc mel hep & tan s thap, rong dan & tan sé cao.

HOI NHANH
Mel power c6 phan tit bing 0. Trudce khi 14y log, vi sao ngudi ta thuong tinh

log(max(power, €)) v6i e > 0?
A D& moi mel band c6 mean bang 0
8 Dé log hitu han & nhitng & cé power bang 0
¢ Pétang do phan giai tan s6 cua STFT

D Dé resample waveform vé sample rate ciia model

HOI NHANH
B loc ctia bai dit 22 méc déu theo mel trén dai 0-1000 Hz. Hai mdc dau cach nhau

khoang 30 Hz. Hai méc cudi cach nhau khoang bao nhiéu?
A Khoang 70 Hz, vi band cao réng hon
8 Khoang 30 Hz, vi cdc mbc dudc chia déu
¢t Khoang 15 Hz, vi band cao hep hon

D Khoang 1000 Hz, vi band cubi phl ca truc
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Tinh thit mot band: ba bin c¢6 power (1,4, 1), bo loc tam giac ¢6 trong s6 (0.5,1,0.5).
Power sau gop1a0.5-1+1-4+ 0.5 -1 = 5. Néu mdc power la 5 thi band nay bang
101og;¢(5/5) = 0 dB; band khac c6 power 0.5 thi biang 101log;,(0.1) = —10 dB. bay la ti

s6 power, khong phai “4m lugng giam 10 lan” theo cam giac nghe.

Chuan hoa waveform va file im lang

Peak normalization chia cho bién do 16n nhat dé clip vira mét dai s6; RMS do mic dao
dong dién hinh, 4/ % > z[n]2.

Chuan hoa méi clip c6 thé x6a thong tin am lugng hitu ich. Mot may dang chay yéu va
mot may chay manh c6 thé khac chinh ¢ mitc dao dong dy. Ta thit peak normalization,

kem bao vé file im ldng:

Python

def peak_normalize(signal):
peak = float(np.max(np.abs(signal)))

return signal / max(peak, le-8)

tiny_wave = np.array([0.0, 0.2, -0.4, 0.2])

normalized = peak_normalize(tiny_wave)
print(normalized.round(2))
print(peak_normalize(np.zeros(4)))

print(f"RMS trudc = {np.sqrt(np.mean(tiny_wave ** 2)):.3f}")

Ta dugc (0,0.5, —1,0.5); RMS tru6c bang /(0 + 0.04 + 0.16 + 0.04) /4 = 1/0.06. File im
ling gitr toan 0. Chudn hoa dic trung bing mean /std ctia tip train & bai 7.2 ¢6 muc dich

khac: lam thang dau vao ctia b phan loai n dinh. Hai thao tac khong thay thé nhau.

Al Canuc80k - Bai 7.1 - D liéu am thanh 15/24



HOI NHANH

Dé phan loai may bom “binh thudng” va “ket”, ghi bang cung mdt microphone dat
c6 dinh. May ket rung manh hon: dang séng gan giong may binh thudng, nhung
bién do gdp khoang 3 lan. MOt doi peak-normalize tiing clip truée khi tinh log-mel.

Chuyén gi xay ra?
A Model hoc dé han, vi moi clip vé cuing thang
B Khac biét chinh gilta hai I&p bi xda trudc khi vao model
t Khéng anh hudng gi, vi log-mel tu bu lai bién do

D Chiclip im lang bi anh huéng, do chia cho 0

trudc sau peak normalize

0 0.1 0.2 0 01 0.2
giay giay
cam: may ket - xanh: may binh thudng

minh hoa: hai clip cung dang séng, bién dé gap 3; chuan hda tling clip 1am chdng tring nhau

Peak normalize tirng clip x6a mat khac biét bién do gitra may bom ket va binh
thuong.

Augmentation

Néu nhan la “ti€ng chudng”, gidm am lugng vira phai cé thé gitt nhan, nhung thém nhiéu
qua l6n khién chuong khong con nghe duge. Néu nhan la cao do ndt nhac, pitch shift
lam thay d6i nhan. Néu nhan la cau noéi, crop mat tir sé€ lam transcript cti khong con

ding. Phai hoi “sau bién d6i, dap an cé con la dap an c?” truée khi chon phép bién doi.
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Tron tiéng O0n quan ca phé vao ban ghi sach day model bén véi moi trudng on. Phat
nhanh 1.1 1an gitip model quen ngudi néi nhanh, nhung cling lam giong cao 1én, nén chi

hop khi nhan khong phu thudc cao do.

Time masking va frequency masking trén log-mel la hai thanh phan ctia SpecAugment.
Chiing che mot vung bi€u dién trong lac train, dé€ mo hinh bét 1€ thudc vao mot ménh

nho. Mtc che phai vira v6i thoi lugng va nhiém vy; khdng ap ngau nhién vao validation.

Néu dau vao da chudn hoa vé mean 0, dién 0 la dién gia tri trung binh, con trén thang dB

tuong doi 0 1a dinh clip. Cang mot dong array[...] = 0 c6 thé mang hai nghia rit khac.

log-mel sau time mask va frequency mask
20 r-----';
= r i
! 1
|| ! |
_________________ b —————————
i v ! =
h | : |
| ! ' ]
leccccccccccccca= .:. _____ .:_________________'
10 i :
P
]
]
]
- |
P
0 LI, 4
0 0.5 1 0 0.5 1
giay giay
vling che dudc dién mét gia tri; dién gi phu thudc thang dang dung (& day -80 dB)
SpecAugment che mot dai thoi gian va mot dai tan khi train.
HOI NHANH

Nhan la transcript day di ctia cdu néi. Crop ngau nhién lam mat nia cudi clip,

nhung van gitr transcript cti. Lam vay ¢6 hgp 1é khong?
A C6, vi augmentation khéng bao gid déi nhan
8 C6, néu sample rate van gilf nguyén
¢ Khéng, vi phan chi cuéi khéng con trong am thanh

D Co6, néu model 1a Transformer du I8n
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HOI NHANH
Nhan la danh tinh ngusi néi, gom 10 ngudi trong mot cau lac bd. Phép

augmentation nao dé lam sai nhan nhat?
Tang hoac gidm am lugng 3 dB
Tron thém tiéng quat may & muc rat nho
Dich clip s6m hoac muén 0.2 giay

Pitch shift giong Ién 4 ban cung

Khi di thi
DPoc header ctia moi file tru6c model dau tién: sample rate, s6 kénh, thdi lugng; dém
clip hdng va clip im lang.
Dung checkpoint thi resample vé ding sample rate ctia n6 va dung processor di kem.

Chia theo ban ghi géc trudce khi cat doan.

Tom tat
Waveform can di cting sample rate: T = N/ f,. Aliasing xay ra tru¢c mo hinh; giam
sample rate phai loc truéc, tang sample rate khong thém am cao.
STFT cét frame, nhan window roéi FFT. Window va hop tra 16i hai cau hdi khac nhau
vé thoi gian.
Spectrogram giir thoi gian va tan s6; mel gop tan so, log nén thang power. Quy uéc va
moc log phai dugc ghi 0.

Chudn hoa va augmentation can gitr thong tin lién quan dén nhan, c6 bao vé im ling

va c6 cdu hinh tai lap.
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Kiém tra cudi bai

CAU1
Dé phan loai ti€ng chim, va nhiéu loai chi khac nhau & cac nét 9-11 kHz. Dit liéu ghi
& 44.1 kHz, con checkpoint audio ¢6 sdn nhan 16 kHz. Resample diing chuén vé 16

kHz roi fine-tune thi sao?
6n, Vi bd loc chéng aliasing gilt lai dai 9-11 kHz
6n, vi dai 9-11 kHz hién ra & 5-7 kHz, van tach dugc
Mat dai 9-11 kHz, nén can dac trung & sample rate cao hon

Mat dai 9-11 kHz, nhung upsample lai |én 44.1 kHz sé khéi phuc

CAU 2
Mot tap di li€u tron ban ghi dién thoai 8 kHz véi ban ghi studio 44.1 kHz, con
checkpoint nhin 16 kHz. bua hai nguon vé 16 kHz thé nao cho dung?

44 kHz thi resample c6 loc, 8 kHz thi upsample, dai trén 4 kHz van tréng
441 kHz thi lay 1 m&u méi 3, 8 kHz thi upsample, dai trén 4 kHz van tréng
44 kHz thi resample c6 loc, 8 kHz thi upsample dé khéi phuc dai trén 4 kHz

44 kHz thi 1ay 1 m3u mébi 3, 8 kHz thi upsample dé khéi phuc dai trén 4 kHz

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.3
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CAuU 3
Clip 1 giay & 16 kHz, window 400 mau, hop 160 mau. SG frame STFT khi khong

padding, va khi center=True, titc dém 200 mau méi dau, lan lugt 1a bao nhiéu?
97 va 100
98 va 100
100 va 101

98 va 101

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.2(b)

CAU 4

STFT ctia bai, v6i window 200, hop 100 va Hann, c6 thé viét bang nn.Conv1d(1,
202, kernel_size=200, stride=s, bias=False) véi 202 kernel ¢6 dinh, gom 101
cosine va 101 sine da nhan Hann. Véi waveform shape (1, 1, 2000), s béng bao

nhiéu, va output c6 shape gi?
s=1, output (1, 202, 1801)
=100, output (1, 202, 19)
=100, output (1, 101, 19)

=200, output (1, 202, 10)

PHONG THEO ) NOAI 2026 Singapore - Vong sd loai - Cau 201
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CAU5
bé cho mdi mau la mot chudi 500 gia tri cam bién, khong ghi sample rate. Mot doi
cat frame dai 50, hop 25, réi 18y rfft clia m6i frame lam token cho Transformer. Co

bao nhiéu token, va truc tan so ctia mdi token doc thé nao?
20 token, bin k Ung vai 10k Hz
20 token, bin k (ing vd&i k/50 chu ky moi mau
19 token, bin k Ung v&i k/50 chu ky méi mau

19 token, bin k Ung vai 10k Hz

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 1- Part 1.4

CAu 6
Window 20 ms, tirc 320 mau, & 16 kHz. Zero-pad mdi frame 1én 640 diém truée khi

FFT. biéu nao dtng?
Céac bin cach nhau 25 Hz, con dd phan giai that khédng doi
Cac bin cach nhau 25 Hz, va tach dugc hai am cach nhau 30 Hz
Céc bin cach nhau 100 Hz, con dd phan giai that khédng doi

Cac bin cach nhau 50 Hz, va Nyquist tang Ién 16 kHz
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CAu 7
Bién do ctia mot am gidm con 1/10. Trén log-mel tinh theo 10log;, clia power,

band chira am ay giam bao nhiéu dB?
10 dB
20 dB
40 dB

100 dB

CAU 8
Model dugc train trén dac trung np.log(mel + le-6). Khi vi€t code ndp bai, mot
ban lai tinh 10 * np.logl0(mel + le-6), roi dung nguyén mean va std ctia tip

train. Pau vao thay ddi thé nao?
Khéng déi, vi log ndo cling dan diéu
Moi gia tri bi dich di mét hdng sé
Chi nhiting 6 im l&ng thay dbi, vi san khac

Moi gia tri bi nhan khoang 4.34
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CAU 9
Mot ddi chép cdu hinh SpecAugment tir mét recipe dung 80 mel band. M6i
frequency mask rong f band, v6i f chon déu trong cac s6 nguyén 0,1, ..., 27. Log-

mel ctia doi chi c6 20 band. Khoang bao nhiéu phan lan che sé pht kin ca 20 band?
A 0%, vi mask ludn hep hon truc tan sé6
B Khoang 29%, tuc 8/28
¢ Khoang 34%, tuc 27/80

0 Khoang 71%, tuc 20/28

CAU 10
L6p “ho” duge thu bang dién thoai 8 kHz roi upsample 1én 16 kHz. Lop “khéng ho”
dugc thu truc ti€ép & 16 kHz. CNN trén log-mel dat 99% trén validation. Nén kiém gi

trude khi tin con s6 nay?
A Train thém epoch, xem validation c6 1én 100% khéng
8 Thém SpecAugment dé model bét hoc thudc long
¢ Loc moi clip vé dudi 4 kHz réi danh gia lai

D D6i sang model I6n han dé xac nhan két qua

Poc thém

 Julius O. Smith — Spectral Audio Signal Processing. Poc cac muc DFT, window va STFT dé hiéu

vi sao do dai frame va hinh ctra s6 anh huéng phd.

e SciPy — ShortTimeFFT va resample_poly. Tra hgp dong truc, scaling va low-pass filter khi
dung thu vién.

« librosa — mel frequencies. Ddi chi€éu HTK va Slaney truéc khi so hai log-mel.
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https://www.dsprelated.com/freebooks/sasp/
https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.ShortTimeFFT.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.resample_poly.html
https://librosa.org/doc/main/api/generated/librosa.mel_frequencies.html

o Park va cong su — SpecAugment. Doc cach che theo thdi gian va theo tan sd trén dic trung;

chon miuc che theo nhiém vu cu thé.
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