pe——— TAP CHI KHOA HOC HO CHI MINH CITY UNIVERSITY OF EDUCATION

&'sp j. TRUONG DAl HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE

: Tap 20, S6 7 (2023): 1155-1165 Vol. 20, No. 7 (2023): 1155-1165

ISSN: Website: https://journal.ncmue.edu.vn https://doi.org/10.54607/hcmue.js.20.7.3646(2023)
2734-9918

Bai bao nghién ctru
CO SO TOAN VA MFCCS - TRICH XUAT PAC TRUNG AM THANH
Nguyén Thé Cwong’, Nguyén Thanh Vi, Trwong Ngoc Hai
Truong ST quan Théng tin, Viét Nam
“Téc gia lién hé: Nguyén Thé Curong — Email: nckcbnekeb@gmail.com
Ngay nhdn bai: 18-10-2022; ngay nhdn bai sira: 31-10-2022; ngay duyét dang: 27-4-2023

TOM TAT

Hinh dnh va ngén ngit (Gm thanh, van ban) 1a cac dang théng tin quan trong nhdt ma con
nguoi deu sir dung hang ngay. PoiVéi linh vuec Tri tué nhan tgo (Al), hinh dnh va ngdn ngiz ciing la
nhiing diz liéu quan trong nhdt dé lam nguyén ligu khi xay dung céc ing dung thyc tién. Cac thugt
toan hoc may (ML) sé duwroc huan luyén dua trén nhing dang diz liéu nhue vdy. Tuy nhién, lam thé
nao dé dia mét hinh anh, mét doan van ban hay mét dogn am thanh thanh mét ma trdn hodc véc-to
(trich xudt ddc trung) dé dwa vao cac thugt toan ML. C6 nhiéu phirong phdp dé xir li doi véi timg
dang diz liéu 1a hinh danh hay ngon ngé. Dit liéu dang dm thanh dwong nhw con mo hé doi Véi sé
ddng cac nha nghién ciru, béi vi chiing khéng dwoc hién thi nhuw hinh anh hay van ban. Co sé Toan
hoc cua it I dii liéu dm thanh con it dwoc dé y téi. Trong bai viét ndy, chiing téi dé cdp co sé Todn
hoc va phirong phap MFCCs (Mel-Frequency Cepstral Coefficients) nham trich xudt cde ddc trung
cua di ligu dgng &m thanh.

Tar khoa: Audio features; Fourier Transform; Mel-Frequency Cepstral Coefficients

1. Giéithiéu

Nhitng nim gan day, Tri tué nhan tao (AI) dang len 16i vao ting ngd ngach cua doi
séng. Cac tng dung, cac bai béo khoa hoc vé chu dé Al xut hién hang ngay trén cac tap chi
trong va ngoai nudc. Vi sirc manh cia may tinh dwoc cai thién nhiéu Ian so vai trude day,
dir liéu I6n (Big data) ciing dd va dang phat trién khong nging. Song hanh vai Al va Big
data, khdng thé khdng nhic téi xu If dit liéu va cac thuat toan tu hoc (ML). C6 thé néi Al 1a
su két hop phirc tap giira cac phuong phap xt If dit liéu va cac thuat toan ML. Ddi véi mdi
bai toan thyc tién, cong viéc dau tién la xir If dit liéu hay trich xuat cac dic trung cua dir liéu
dé tao thanh cac ma tran, cac véc-to va sau d6 dua bo dit liéu da dugc xu If vao huan luyén.
Hai dang dit liéu quan trong nhét 1 hinh anh va ngén ngit, cing véi d6 1a cac ki thuét xir Ii
dir liéu nhu: giam chiéu dit liéu, phan tich céc thanh phan chinh, sé hoa dit liéu vin ban, dua
mién thoi gian vé mién tan sb bang céch sir dung bién dbi Fourier (Lyons, 2022) d6i véi dit
liéu dang &m thanh... So véi dit liéu dang hinh anh va vin ban, viéc trich xuat cac dic trung
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cua dit liéu 4m thanh duong nhu con mo hd hon ca. Bai vi ching khong hién thi nhu vin
ban hay hinh anh, chung duoc nghe bang tai va su cam nhan. C6 thé ké dén mot s6 phuong
phap trich xuit dic trung 4m thanh tiéu biéu nhu Mel-Frequency Cepstral Coefficients
(MFCCs — tam dich la cac hé s6 phd quang tan sé Mel) (Md. Sahidullah, & Goutam Saha
(2012; Ahmed Sajjad et al., 2017; Archek Praveen Kumar et al., 2017) Linear Predictive
Coefficients (LPC) (Gulbakshee J. Dharmale, & Dipti D Patil, 2019; Bodke & Satone
(2018); Perceptral Linear Predictive (PLP) Coefficients Mohammed, Hussein (2018);
Discrete Wavelet Transform (DWT) Mohammad Hasan Rahmani, 2018).

Vay thuc chit tin hiéu am thanh 1a gi, chung dwoc sb héa nhu thé nao, ching cé céc
dic trung gi va bang cach nao dé trich xuat cac dic trung cua am thanh? Trong khudn khd
bai viét nay, ching toi 1am rd mot s6 vin dé vé: Tin hiéu 4m thanh, Co s& Toan hoc va
phuong phép Mel-Frequency Cepstral Coefficients (MFCCs — tam dich 1a céc hé sé phd
quang tan sb Mel) (Md. Sahidullah, & Goutam Saha (2012; Ahmed Sajjad et al., 2017;
Archek Praveen Kumar et al., 2017) nham trich xuét cac dic trung cta tin hiéu am thanh.

2. Noidung
2.1. Co so Toan hgc caa xa i tin higu @m thanh

Dé giai quyét cac bai toan trong linh vyc twong tac ngudi-may (Cowie, 2001), ching
han nhu dich vy chdm soc khach hang, chatbot, tro 1 40, chiing ta can 1am viéc voi di liu
dang vin ban hay am thanh. Trong muc nay chdng tdi 1am rd vé co s Toan hoc cua x li tin
hiéu @m thanh.

2.1.1. Tin hiéu am thanh dsi véi hoc may

Hiéu mot cach don gian, am thanh 1a cac séng lan truyén giao dong co hoc cua cac
phan tir moi truong vat chit. Dang séng mang cac yéu té thdng tin vé tan sd, cuong do va
am séc, c6 thé tuan hoan hoic khdng tuan hoan. Dang song co bién d6 I6n, ta nghe thay am
thanh 16n, dang song cd tan sé cao, ta nghe thiy 4m thanh cao. Pdi véi linh vuc hoc may
(ML) [10], mét dang song thudng duoc biéu didn bai mot ham theo thoi gian:

y(t) = Asin(2nft + ¢) 1)

Trong d6 A, f, t, ¢ tuong tng lan luot 12 bién do, tan s6, thoi gian va pha ban dau caa mot
dang séng am thanh lién tuc theo thoi gian y(t). Ta co thé st dung phuong phéap lay mau dé
chuyén d6i tir dang séng lién tuc sang dang tan s (ddy cac gia tri roi rac), ti 16 mau S, = 1\T
thuong dugc chon 12 44100, véi T 1a khoang thoi gian giira 2 méu lién tiép (Hinh 1).

2.1.2. Bién déi Fourier déi véi tin hiéu am thanh

Trong linh vuc hoc may, &m thanh cd cac dang dic trung nhu: cac dic trung mién thoi
gian (bao bién d9, can bac hai cua trung binh cua binh phuong nang luong, ti 1€ bang qua
truc hoanh), cac dic trung mién tan sb (ti 1& dai ning luong, tdm quang phd, bing thong),
quang pho. Trong dé viéc str dung bién d6i Fourier (FT) (Lyons, 2022) dé chuyén tir mién
thoi gian vé mién tan sé nham trich xuat quang phé. Bién d6i Fourier nham phan tich mot
am thanh phtic thanh céc thanh phan tan sé cua nd (Hinh 2).
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Hinh 2. Bién doi Fourier dwa mién thoi gian (t) vé mién tan sé (f)
Bién ddi Fourier thwc: nham so sanh tin hiéu theo thoi gian g (t) vai rat nhiéu cac
tan s6 cua cdc séng sin. Do véi mdi tan sé f € R, bién doi Fourier cho tamot d6 16n df € R
va mot pha ¢¢ € R, do 16n df cao tirc 1a do twong tu giira song sin(2m - (ft — ¢)) va tin
hi¢u theo thoi gian g(t) ciing cao,

de = (prg[%l‘af)(fg(t) -sin(2re(ft — ¢))dt), (2)
Pf = arg¢rg[%§)(fg(t) -sin(2n(ft — @))dt). (3)

Bién d6i Fourier phirc: ta c6 thé ma hoa ca do 16n va pha trong mot sé phic
¢ = %e‘iz”"’f. Gia str ta c6 mot tin hiéu &m thanh lién tuc g (t) g: R — R, bién d6i Fourier
phirc ¢ thé duoc md ta mot cach ngan gon nhu sau:

dgf)=¢ G R-C

gif) = fg(t) e 2mftdt = fg(t) cos(—2nft)dt + i f g(t) sin(=2mft) dt

Bién ddi Fourier ngwoc (IFT): Dé dua tin hidu tir mién tan s6 vé mién thoi gian, ta
sir dung bién d6i Fourier nguoc (xem Hinh 3, 4, 5)

g(t) = j ¢ - eIt df.

Trong d6, 2™ [a tone nguyén thuy ciia tan sé f, ¢ - ™t 13 tone nguyén thuy co
trong la do lon va pha biéu thi trong s6 phuc ¢y, [ ¢ - €™ df 1a tong tt ca cac song sin
co trong.

4)

()
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Hinh 3. gi27/t

Hinh 5. [ ¢; - et df
Bién déi Fourier roi rac (DFT): Dé s6 hoa mot am thanh lién tuc ta thuc hién lay
mau, mot tin hiéu ki thuat s6 g(t) ¢ thé dugc xap xi bai mét tin hiéu roi rac x(n):
g(t) = x(n)
t=nT
V6i T 1a quéng thoi gian giira 2 mau. Bién ddi Fourier §(f) s& duoc xap xi bai bién
ddi Fourier roi rac £(f) caa tin hiéu roi rac x(n) twong ng:

90 = [ g et
f(f) — z x(n) e—iannT_

n

(6)

Trong 1 vong (chu ki 2m) (tic thoi gian cua 1 chu ki 1a NT, tan sb la %Hz hay
%rad/s), chon s6 lugng mau N 1a mét s6 hitu han, dé thuan tién cho bién dbi Fourier nguoc

ta cling chon sb luong tan sb co ban bang vai sé lugng mau N,

ko kS, )
F) = 2= =k = [0, N = 1],

nhu vay ta co:
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N-1
() = . xe Y
n=0
Khi k = % ta cO F (g) = SZ—T (tin sb Nyquist), ldc nay ta c6 bién d6i Fourier nhanh
(FFT), FFT hoat dong khi s6 lwong ngan tin N 1a mot ham mii co s6 2.
Bién ddi Fourier thai gian ngan (STFT): Nham tranh mat mat thong tin, mot file am
thanh dai s& dugc chia nho thanh cac frame c6 chong lap, sau d6 ta ap dung FFT va ham
windowing w(k) cho ting frame (Hinh 6).

Hinh 6. Tar DFT-sang-STFT
N-1 . X
S(k,m) = Z x(n 4+ mH) -w(n) - e 2wt
n=0
v6i m 1 frame thir m, H 1a hopsize (phan chong lap giira 2 frame lién tiép). Nhu vay, néu
ap dung DFT cho mét tin hiéu 4m thanh ta dwoc mot vector quang phd N chiéu (N hé sb
Fourier phirc), 4p dung STFT ta s& dugc mot ma tran quang phd Y ¢6 ¢& (s lwong ngan tan,
s6 luong frames), véi

)

™ framesize (9)
#ngantan = N = —
#samples — framesize 10
#frames = P f + 1. (10)
hopsize

Do 16n quang phd tai ngan tan ther k va frame tha m:
Y (k,m) = |S(k,m)|

Hinh 7. Quang phé
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Nhu vay dé trich xuét dic trung mién tan s caa mot tin hiéu am thanh, ching ta sir
dung phuong phap 14y miu va trén co s& cua bién d6i Fourier phirc dé thu dugc céc thdng
tin vé tan sé va do 16n quang phd. Trong nhiéu bai toan (dic biét 1a nhan dang giong néi) thi
quang phd chwa phai 1a mot sy lua chon tét. Do d6 ta can thém vai budc nita dé co duoc
MFCCs (Md. Sahidullah, & Goutam Saha, 2012), phwong phap trich xuét cac dic trung mot
tin hiéu am thanh pho bién hon va hiéu qua hon quang pho.

2.2. Mel-Frequency Cepstral Coefficients (MFCCs)

Thang Mel: La thang cao d0 cam nhan, dugc nguoi nghe danh gia va c6 khoang céch
c4c quang bang nhau. Diém tham chiéu giira thang Mel va phép do tan s6 thong thuong xéac
dinh bang cach gan cao do cam nhan 1000 mels cho &m c6 tan sé 1000 Hz. Céng thirc phd
bién dé bién d6i f Hz thanh m mels 1a

f — m/2595 __
700) f =700(10 1).

Dé trich xuat Mel-spectrograms ta 1am theo cac budc nhu sau:
e Sirdung STFT d6i véi tin hiéu am thanh.
e Bién doi cac bién d¢ thanh dBs.
e Bién ddi cac tan s6 thanh thang Mel.

a) Chon sb lugng dai mel.

b) Xay dung cac ngan hang loc mel (Mel-filter-banks).
Bién d6i tan s6 thap nhat va cao nhat thanh Mel.
Tao cac dai mel cach déu.

Bién d6i cac diém do6 trd lai Herzt.

Lam tron dén ngan tan gan nhat.

. Tao céc bo loc tam giac.

¢) Ap dung céc ngan hang loc mel ddi véi quang phé.

11

U"PS*’!\’!—‘

Frequency / mel
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£06
=)
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Hinh 8. Ngan hang loc Mels
Sau budc trén ta cO ma tran (kich thudc ngan hang loc Mel) M = (#dai Mels,
#ngan tan), ap dung ngan hang loc Mels d6i véi quang phd Y = (#ngan tan, #frames)
ta 6 ma tran ddc trung nhu sau:
MY = (#dai Mels, #frames) (12)
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Cubi cung, dé trich xuat cepstrum (tam dich 1a phd quang) ta thuc hién bién d6i
Fourier ngugc ( dung bién doi Cosin roi rac) dé chuyén tir mién tan sé vé mién thoi gian, ta
thu dugc MFCCs.

Time-domain s '
signal pectrum

C(x(t)) = F~ ' [tog(Fl=())]

Hinh 9. Tinh toan Cepstrum

Tom lai, cac budc cua phuong phap trich xuat dic trung tin hiéu am thanh MFCCs
nhu sau:

Dang s6ng - STFT — Log(dd I6n quang phd) — thang Mel — bién d6i Cosin roi
rac - MFCCs.

Str dung bién dbi cosin roi rac (mot dang don gian cua bién doi Fourier) cho ta cac hé
s6 1a céc gia tri thuc, do d6 s& giam sb chiéu caa phd quang biéu dién. Thong thuong ta s&
chon 13 hé s dau tién trong cac hé s6 cia MFCCs (chtra hau hét cac thong tin nhu: cac dinh
bién d¢, bao quang phd...), cac hé s tiép theo 1a dao ham va dao ham cip 2 caa MFCCs,
nhu vy thong thuong c6 39 hé sé MFCCs trong mot frame.

# frames

Time (ms)

Hinh 10. Minh hog MFCCs

2.3. Cai dat
Trong phan nay, chdng ti cung cap phan cai dit bang ngén ngit lap trinh Python3 dé
trich xuét cac dic trung MECCs cta cac tap dit liéu am thanh.
#Khai bao cac thu vién
import librosa
import os
import json
#Trich xudt MFCCs tir tap dit liéu ¢c6 ma ngudon m¢ Surrey Audio-Visual Expressed
#Emotion (SAVEE) (Philip Jackson & Sanaul Hag, 2015) va Iuu duéi dang file .json
DATASET PATH ="SAVEE"
JSON_PATH ="SAVEE/SAVEE.json"
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SAMPLES TO CONSIDER = 22050 # s6 luong mau
def preprocess_dataset(dataset_path, json_path, num_mfcc = 39, n_fft = 2048, hop_length
=512):
""":tham s6 dataset_path (dang string): duong dan t&i tap dit lidu
:tham s6 json_path (string): dudong din luu file .json cia MFCCs
:tham s6 num_mfcc (s6 nguyén): sé luong cac hé sé dic trung mudn trich xuét
:tham s6 n_fft (s6 nguyén): d6 dai mot frame (s6 lugng mau) ap dung FFT.
return: tra két qua 1a file json luu cac ma tran dic trung MFCCs cia céc file am thanh
data = {'mapping" [], 'labels": [], 'MFCCs" [], 'files": []}
for i, (dirpath, dirnames, filenames) in enumerate(os.walk(dataset_path)):
if dirpath is not dataset_path:
# luu nhan trong mapping
label = dirpath.split(/)[-1]
data['mapping'].append(label)
print("\nProcessing: '{}"".format(label))
#x1r 1 tat ca cac files va luu MFCCs
for f in filenames:
file_path = os.path.join(dirpath, f)
#Tai file audio va tach dé dam bao do dai nhat quan giira cac file khac nhau
signal, sample_rate = librosa.load(file_path)
if len(signal) >= SAMPLES_TO_CONSIDER:
signal = signal[:SAMPLES_TO_CONSIDER]
#trich xuat MFCCs
MFCCs = librosa.feature.mfcc(signal, sample_rate, n_mfcc = num_mfcc, n_fft
= n_fft, hop_length = hop_length)
#luu trir dir lidu dé phan tich cac ban ghi
data["MFCCs"].append(MFCCs.T.tolist())
data["labels"].append(i - 1)
data["files"].append(file_path)
print("{}: {3}".format(file_path, i - 1))
#luu dir 1i€u trong file .json
with open(json_path, 'w') as fp:
json.dump(data, fp, indent = 4)

if _name__=="_main__"
preprocess_dataset(DATASET _PATH, JSON_PATH)
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2.4. Ap dung

Trong bai viét ndy, ching t6i str dung céc tap dir liéu c6 ma ngudén md nhu sau:

Surrey Audio-Visual Expressed Emotion (SAVEE).

Ryerson Audio-Visual Database of Emotional Speech and Song (RAVDESS).

Toronto emotional speech set (TESS).

Crowd-sourced Emotional Mutimodal Actors Dataset (CREMA-D).

Sau khi 4p dung phﬁn cai dat 2.2 dé c¢6 dugc MFCCs cua céac tap dir liéu am thanh,
chiing t61 ap dung thuat toan phan loai nhi phan Support Vector Machine (SVM) (Manas
Jain, 2020) dé xay dung mot img dung nhan dang sic thai giong noi.

Céc tap dir licu dugc chia theo ti I¢ 90/10, tirc 90% dung cho huén luyén va 10% dung
cho kiém thir. Str dung danh gia chéo 10 1an (10-fold-CV) dé danh gia do chinh xac. Ching
t6i sir dung ngdn ngit 1ap trinh Python va cac thu vién can thiét dé cai dat va danh gia do
chinh xé4c cua tmg dyung. Cac tap dir liéu déu dugc tiéu chuin hoa (standardization) sau khi
diung MFCCs dé trich xuét cac dic trung (39 dic trung dau tién). Cac tap dit liéu trén déu
dugc chia thanh 2 16p, mdi 16p bao gdm nhiéu cum nhu sau: Lop {+}(positive) bao gdm céac
cum ‘happy’, ‘neutral’, ‘pleasant and surprise’ c¢6 thé c6 ca cum ‘calm’; 16p {-}(negative)
bao gém cac cum ‘anggry’, ‘disgust’, ‘fear’ va ‘sad’. Vi mot file 4m thanh méi, tng dung
s€ phan loai moét file am thanh vao 16p {+}(positive) hoac 16p {-}(negative).

Két qua huan luyén va kiém thir dwoc mé ta trong bang dudi day:

D¢ chinh xac kiém thez, dé chinh xac 10-fold-CV, thoi gian thuc hién cia SYM

va SVM trén cac tgp dir liéu

MFCCs va SVM
Céc tap dir liéu Do chinh xac diém thir (%)
(sb luong file 4m thanh) 10-fold-CV (%)
Thoi gian thye hién (s
SAVEE 70.8
(480) 66.9 +/- 8.0
9.99
RAVDESS 60.4
(1,440) 59.3 +/- 3.5
123.46
TESS 98.9
(2,800) 98.9 +/-0.7
710.69
CREMA-D 67.9
(7,442) 68.4 +/- 1.4
5,779.38

Tir bang két qua chiing ta co thé thiy rang: doi véi tap ¢ it dir liéu SAVEE (480 files
am thanh), (MFCCs va SVM) cho d¢ chénh 1éch kha 16n giita d chinh xac kiém thir (70.8)
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va 10-fold-CV (66.9 +/- 8.0), diéu nay 12 bai bo dit liéu SAVEE c6 s6 lugng nho (480) khién
cho m6 hinh khong 6n dinh. V& co ban, ddi véi cac b dif liéu co sb lwong 16n, do chinh xac
phan loai cua phuong phap (MFCCs va SVM (Manas Jain, 2020; Sinith et al., 2015) dat
duoc tuong ddi cao va én dinh. Tap dir liéu TESS dat dugc do chinh xéc cao nhét trong phan
loai ddi v&i phuong phéap nay, diéu nay 13 bai chi c¢6 2 dién vién thu am tap dir liéu (26 tudi
va 64 tudi, cach biét kha 16n), dir liéu khong bi chdng 1ap nhiéu.
4.  Kétluin

Bai viét da 1am séng to rang, tu tuong Toan hoc cia trich xuat dic trung mién tan sb
ctia tin hiéu am thanh chinh 1a ding phuong phap 1iy mau va bién d6i Fourier roi rac phirc.
Dé chuyén tir mién tan sé vé mién thoi gian, phuong phap MFCCs sir dung thang cao do
cam nhan Mel va bién d6i Cosin roi rac d6 I6n quang phd & budc cudi cing. Cac dic trung
MFCCs ciia mt file 4m thanh 13 mot ma tran c6 c& (sd lugng céc hé s6 MFCCs, sb lugng
frames). Ngon ngir 1ap trinh Python3 dugc str dung dé cai dat MFCCs, thuc hién vi du véi
cac tap dir liéu c6 ma ngudn mo (SAVEE, RAVDESS, TESS, CREMA-D). Tir két qua thuc
nghiém cho thay phuong phap MFCCs nham trich xuat cac dic trung 4m thanh, két hop véi
SVM cho ta két qua phan loai sic thai giong néi twong dbi tét va 6n dinh. Trong thuc té, di
lieu thu thap duogc chua du tdt, do su phirc tap cua giong néi mdi ngudi 1a khac nhau vé tan
sd, cao do, nang lugng, tdc do, cam xuc... Qua dé cho thay viéc nghién cau va cai tién cac
ki thuat trich xuat dic trung caa &m thanh van can dugc thuc diy va quan tim hon nia.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

The most significant types of information that people use daily are image and language (sound
and text). Images and language are the most crucial data to employ as raw materials when
developing real-world applications in the field of artificial intelligence (Al). On these kinds of data,
machine learning (ML) algorithms will be trained. However, feature extraction is the process of
converting an image, text, or audio file into a matrix or vector for use in machine learning
algorithms. Processing visual or linguistic input can be done in a variety of ways. Because audio
data are not presented as visuals or text, most researchers find them to be unclear. Little attention
has been paid to the mathematical foundations of audio data processing. The mathematical
foundation and the MFCCs (Mel-Frequency Cepstral Coefficients) approach to extract the features
of the audio data are discussed in this article.

Keywords: Audio features; Fourier Transform; Mel-Frequency Cepstral Coefficients
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